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Abstract

had occurred.

Background: Retinal vascular occlusions are uncommon in young people and require more in-depth investigation into
the cause. Studies have revealed that a high level of circulating homocysteine poses a risk for retinal vaso-occlusive
events across a wide age range. This case report reflects on how the interplay of genetic mutation and vitamin deficiency
can cause a pathological level of homocysteine with resultant branch retinal artery occlusion in a young patient.

Case presentation: A 16-year-old boy presented to eye casualty with acute inferior visual field loss in the left eye. Visual
acuity remained normal at 6/6 each eye and the event was painless. Initial assessment, and retinal photography revealed
a left superior hemi-field branch retinal artery occlusion with macular sparing. Given the patient's age, extensive
investigation into the cause was carried out. Positive findings were of an elevated level of homocysteine as a result of
vitamin B12 and folic acid deficiency as well as a genetic mutation in the MTHFR gene (encoding MTHFR enzyme which
is vital in normal homocysteine metabolism). Vitamin B12 and folic acid were replaced which in turn normalized the
patient’s homocysteine levels. At two months, the patient’s visual fields had also improved, and no further vascular event

Conclusions: This case report has highlighted the link between hyperhomocysteinaemia and retinal artery occlusion.
However, despite vitamin replacement being shown to normalize homocysteine levels, no evidence exists to date as to
whether this will reduce the risk of further retinal vascular occlusion.
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Background

Retinal vascular occlusions are rare in the teenage popu-
lation and a more extensive investigation into the cause
is required given that a thrombophilia or autoimmune
disorder may present in this manner. Homocysteine
levels are one of the recommended investigations in
young patients as hyperhomocysteinaemia is an increas-
ingly recognized cause for both retinal artery and vein
occlusions [1-3]. Studies have shown that 5-10% of the
general population have varying levels of hyperhomocys-
teinaemia [4] and this can reach to 30-40% in the elderly
[5]. High homocysteine levels cause accelerated vascular
atherosclerosis by encouraging thrombosis, oxidant stress,
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endothelial cell damage and vascular smooth muscle pro-
liferation [6, 7]. As a result, hyperhomocysteinaemia has
been shown to be an independent risk factor for vascular
events including myocardial infarction, cerebrovascular
events and retinal vaso-occlusive disease [8—12]. A know-
ledge of homocysteine metabolism aids understanding as
to the cause of hyperhomocysteinaemeia with genetic de-
fects in vital enzymes as well as deficiencies of important
vitamin cofactors being implicated [6].

Replacement of vitamin cofactors involved in homo-
cysteine metabolism has been shown to normalise
homocysteine levels [13]. However, meta-analysis of
research articles evaluating vitamin replacement for
hyperhomocysteinaemia has failed to show that resultant
reduction of homocysteine levels can reduce the risk of
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major vaso-occlusive events [13]. It is also important to
note that, although the relationship between hyperhomocys-
teinaemia and retinal vascular occlusion has been increas-
ingly reported [14—19], there are is no current research into
whether normalising homocysteine levels results in reduc-
tion in risk of further retinal vaso-occlusive events [12, 14].

This case report supports existing literature in reveal-
ing how the interplay of genetic and nutritional defects
can cause a pathological level of homocysteine with re-
sultant vascular occlusion.

Case presentation

A 16-year-old boy presented to eye casualty having no-
ticed a brief episode of flashing lights followed by acute
inferior hemi-field visual loss in the left eye while walk-
ing to class. The visual loss persisted, and the event was
completely painless. Past medical history consisted only
of migraine which the patient was not experiencing at
the time of visual field loss. He denied any history of
smoking, illicit drug use, alcohol consumption or sexu-
ally transmitted infections.

Examination revealed a normal visual acuity of 6/6 in
both eyes. A clear inferior altitudinal defect was evident
when visual fields were tested to confrontation and a
supra-temporal wedge of retinal pallor with associated
arterial attenuation was visualized on slit lamp ophthal-
moscopy. Colour retinal photography confirmed evidence
of a superior branch retinal artery occlusion (BRAO) (ref.
Fig. 1) and visual field testing confirmed an inferior alti-
tudinal field defect in the left eye (ref. Fig. 2). Aspirin was
commenced at this point and the patient was referred for
urgent review with the local stroke team. Trans-thoracic
echocardiography revealed a bicuspid aortic valve but
reassuringly no vegetations that may have produced em-
boli. MRI and MR-angiogram of brain and neck were
unremarkable. Haematological investigations revealed a
moderate-severely raised homocysteine level (68.0 pmol/L,
normal range 5.5-13.6 pumol/L), vitamin B12 deficiency
(108 ng/L, normal range 191-663 ng/L) and a borderline
folate deficiency (4.6 pg/L, normal range 4.6-18.7 ug/L).
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Following these findings, genetic testing was completed,
revealing a C677T subtype homozygous mutation for
the gene encoding methylenetetrahydrofolate reductase
(MTHER), a vital enzyme in homocysteine metabolism.
The patient was commenced on vitamin B12 and folate
replacement (with resultant normalization of homocyst-
eine levels) and continued on aspirin. Subsequent visual
field testing at two months revealed slight improvement
in the visual field defect (ref. Fig. 3) and no further
vaso-occlusive events were noted.

Discussion

Retinal artery occlusion is an indication that the patient
is at risk of vascular occlusion elsewhere in the body and
therefore requires prompt investigation following diag-
nosis in the younger population. Ophthalmologists have
the opportunity to gain a unique and direct view of a
patient’s vascular state. Although ophthalmologists are
generally not involved in managing the systemic cause of
a patient’s retinal artery occlusion, it is important for
ophthalmologists to know about the aetiology and man-
agement of retinal artery occlusions in different age
groups in order to correctly refer the patient on for opti-
mal and timely management.

Ophthalmological assessment of retinal damage via
retinal photography, visual field testing and often fluor-
escein angiography is warranted [20]. Further systemic
investigations include direct visualization of head and neck
vasculature via CT angiography/ MRI and carotid duplex
ultrasound, an echocardiogram and ECG to identify ar-
rhythmias and structural heart defects that may promote
thrombosis/ emboli [20]. A more extensive array of
haematological investigations is required in younger pa-
tients (< 50 years) to investigate any cause of a ‘hyper-
coagulable state’ or autoimmune disorder [20]. These
include a thrombophilia (coagulation screen, protein
C&S, factor V Leiden, anti-phospholipid, plasminogen
activator) [1, 2, 20] and autoimmune/vasculitic screen
(ANA, anti-double stranded DNA antibody, ANCA,
lupus anticoagulant, anticardiolipin antibody) [2, 20].

Fig. 1 Colour retinal photographs revealing retinal pallor and arterial attenuation across superior retinal arcade in the left eye (Right eye —normal)
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Fig. 2 Visual field test of the left eye 2 days post presentation. An inferior altitudinal defect is demonstrated
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Other important blood tests include B12 & folate,
TFTs, homocysteine levels, blood film, myeloma screen
and syphilis screen [1-3].

Homocysteine is a sulfhydryl containing amino acid
produced as a result of methionine metabolism (an
essential amino acid) (ref. Fig. 4) [6]. The two main meta-
bolic pathways are transsulfuration and remethylation,
both of which require vital enzymes and vitamin cofactors
to function normally. It is therefore understandable that
vitamin deficiency and enzymatic defects can result in de-
fective homocysteine metabolism. Auto-oxidated forms of
homocysteine are involved in processes that result in
increased cell toxicity namely thrombosis, oxidant stress,
apoptosis, endothelial cell damage and vascular smooth
muscle proliferation [6, 7]. It is via these mechanisms that
hyperhomocysteinaemia has been shown to be an inde-
pendent risk factor for atherosclerotic vascular disease in-
cluding myocardial infarction, cerebrovascular events and

retinal vascular occlusive disease. This risk is graded, relat-
ing to an incremental increase in risk per 5 pmol/L in-
crease in homocysteine concentration [8—12].
Hyperhomocysteinaemia is graded as mild (15-30 pmol/
L), moderate/intermediate (30—100 pmol/L) and severe
(> 100 pmol/L) based on concentrations measured dur-
ing fasting [6, 21]. Some studies have revealed that be-
tween 5 and 10% of the general population have varying
levels of hyperhomocysteinaemia and this may reach as
high as 30-40% in the elderly population [4, 5].
Homocysteine levels become elevated due to genetic,
nutritional and disease related processes, most often
occurring in combination. Genetic mutations encoding
enzymes involved in homocysteine metabolism include,
most commonly, impaired MTHFR enzyme activity
which can raise homocysteine levels by up to 25% [6]. The
MTHER enzyme supports conversion of homocysteine to
methionine, a vital link in the homocysteine metabolism
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Fig. 3 Visual field test of the left eye 2 months post presentation. Moderate improvement in the inferior altitudinal visual field defect is demonstrated
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pathway [22]. The MTHFR gene is located on chromo-
some 1 with up to 33 rare mutations associated with se-
vere enzyme deficiencies. The C677T (cytosine to thymine
mutation at nucleotide 677) genetic defect is a more com-
mon mutation, with the homozygous TT mutation being
associated with milder enzymatic deficiency [23, 24].
There have been conflicting reports as to whether this
genetic mutation in isolation conveys a raised homocyst-
eine to a level where it causes vascular occlusive disease
including retinal artery occlusion specifically [6, 25-31].
However, a more dramatic rise in homocysteine levels are
seen when this genetic defect occurs in combination with
vitamin deficiency [9, 21, 31].

Cystathionine-p-synthase (CBS) mutations result in se-
verely raised homocystiene levels and there are in excess of
100 different types of mutation for this enzyme. The
1278 T subtype is implicated in the rare inherited inborn
error of metabolism, homocystinuria [6]. Other clinical
features of homocystinuria include mental retardation,
skeletal abnormalities, ectopia lentis and congenital
glaucoma.

Given that a number of vitamins are important cofactors
for homocysteine metabolism, their deficiency can result in
accumulation of homocysteine. These dietary vitamins in-
clude folate, vitamin B6, and vitamin B12. Even borderline
levels of folate deficiency have been associated with raised
homocysteine [4]. Folic acid provides a substrate for tetra-
hydrofolate (THF) within the folate cycle, allowing normal
methionine synthase (MS) activity to occur [6]. Vitamin
B12 is a vital cofactor in normal MS activity and vitamin
B6 is a key factor in normal CBS activity [6].

Chronic disease, namely renal failure, diabetes melli-
tus, hypothyroidism and severe psoriasis and drugs in-
cluding anticonvulsants, methotrexate, caffeine, tobacco
and alcohol can also contribute to raised homocysteine
levels [6, 32].

It makes sense that introducing interventions to lower
plasma homocysteine via vitamin replacement should re-
duce the risk of further vascular occlusive disease and
studies have shown that vitamin replacement effectively
lowers homocysteine levels [13]. However, meta-analysis
of randomized controlled trials looking at homocysteine
lowering interventions have failed to associate the use of
vitamin replacement with a reduction in major vascular
related events [13]. One study specific to young subjects
aged between 18 and 40 years revealed that, although the
use of B12, folic acid and B6 vitamin replacement reduced
the level of homocysteine, it did not cause an improvement
in endothelial dependant vasodilatation or antithrombotic
function [7].

Also, despite the fact that the relationship between hy-
perhomocysteinaemia and retinal vascular occlusion has
been increasingly reported [14—19], research is yet to be
carried out into whether reducing homocysteine levels
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results in a reduction in the risk of further retinal vascu-
lar occlusion [12, 14].

Conclusions

In this case report, thorough but directed investigation
revealed a number of potential causes for this patient’s
retinal artery occlusion including migraine (known to
cause vasospasm) and a bicuspid aortic valve (with the po-
tential to generate emboli). The leading cause, however,
was felt to be the interplay between a diagnosed vitamin
B12/folate deficiency and a homozygous MTHER genetic
defect causing high homocysteine levels with resultant
premature vessel atherosclerosis.

In summary, branch retinal artery occlusions in the
younger population are relatively uncommon but require
more extensive investigation of the cause. Hyperhomo-
cysteinaemia promotes accelerated atherosclerosis and is
an important risk factor for retinal artery occlusion in
young people, as demonstrated in this case. Aetiology of
hyperhomocysteinaemia is multifactorial and it is often an
interplay between multiple different causes that generates
a dangerous level of homocysteine. Although vitamin re-
placement is often warranted in these cases (including this
case), literature does not currently support vitamin re-
placement as a preventative strategy for further vascular
occlusive events. Research is also limited as to whether
reducing homocysteine levels lowers the risk of further
retinal vascular occlusive events. This therefore repre-
sents a potential area for future research and could
guide treatment for patients like the one described in this
case report. Finally, it is important to note that despite
ophthalmology being a highly specialized area of medicine,
general medical conditions often manifest with ophthal-
mological complications where an ophthalmologist will
gain the first insight. It is therefore important for ophthal-
mologists to have knowledge of these conditions allowing
for appropriate multidisciplinary team communication
and correct ongoing management.

Abbreviations

ANA: antinuclear antibody; ANCA: Anti-neutrophil cytoplasmic antibody;
BMHT: Betaine-homocysteine methyltransferase; BRAO: Branch retinal artery
occlusion; CBS: Cystathionine-B-synthase; CL: Cystathionine-y-lyase;

CT: Computed tomography; ECG: Electrocardiogram; MR: Magnetic
resonance; MRI: Magnetic resonance imaging; MS: Methionine synthase;
MTHFR: Methylenetetrahydrofolate reductase; TFTs: Thyroid function tests;
THF: Tetrahydrofolate

Funding

This supplement and the meeting on which it was based were sponsored
by Novartis (tracking number OPT17-C041). Novartis did not contribute to
the content and all authors retained final control of the content and editorial
decisions. Novartis have checked that the content was compliant with the
Association of the British Pharmaceutical Industry Code of Practice.

Availability of data and materials
All data generated or analysed during this case report are included in this
published article.



Shute BMC Ophthalmology 2018, 18(Suppl 1):220

About this supplement

This article has been published as part of BMC Ophthalmology Volume 18
Supplement 1, 2018: The Novartis Ophthalmology Case Awards 2017. The full
contents of the supplement are available online at https.//bmcophthalmol.
biomedcentral.com/articles/supplements/volume-18-supplement-1.

Authors’ contributions

The single author (CS) was responsible for research, collation of information
and completion of the case report. The author read and approved the final
manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Informed, written consent was obtained from the patient for publication of
the above case report including images provided.

Competing interests
The author declares that she has no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Published: 14 September 2018

References

1. Beatty S, Au Eong KG. Review: acute occlusion of the retinal arteries: current
concepts and recent advances in diagnosis and management. J Accid
Emerg Med. 2000;17:324-9. https://doi.org/10.1136/emj.17.5.324.

2. Nagy V, Takacs L, Steiber Z, Pfliegler G, Berta A. Thrombophilic screening in
retinal artery occlusion patients. Clin Ophthalmol. 2008;2(3):557-61.

3. Varma DD, Cugati S, Lee AW, Chen CS. A review of central retinal artery
occlusion: clinical presentation and management. Eye (Lond). 2013;27(6):
688-97. https://doi.org/10.1038/eye.2013.25.

4. Bowling B. Kanski's Clinical Ophthalmology: A Systematic Approach. 8th ed.
2015. 1SBN: 978-0-7020-5572-0.

5. Maron BA, Loscalzo J. The treatment of hyperhomocysteinemia. Annu Rev
Med. 2009;60:39-54.

6. Hirsch S, Pia De la Maza M, Yanez P, Glasinovic A, Petermann M, Barrera G,
Gattas V, Escobar E, Bunout D. Hyperhomocysteinemia and endothelial
function in young subjects: effects of vitamin supplementation. Clin Cardiol.
2002;25(11):495-501.

7. Cahill M, Karabatzaki M, Meleady R, Refsum H, Ueland P, Shields D, Mooney
D, Graham I. Raised plasma homocysteine as a risk factor for retinal vascular
occlusive disease. Br J Ophthalmol. 2000;84(2):154-7.

8. Kluijtmans LA, et al. Genetic and nutritional factors contributing to
hyperhomocysteinemia in young adults. Blood. 2003;101(7):2483-8.

9. Graham IM, Daly LE, Refsum HM, et al. Plasma homocysteine as a risk factor
for vascular disease. The European Concerted Action Project. JAMA. 1997;
277:1775-81.

10.  Boushey CJ, Beresford SA, Omenn GS, et al. A quantitative assessment of
plasma homocysteine as a risk factor for vascular disease. Probable benefits
of increasing folic acid intakes. JAMA. 1995,274:1049-57.

11. Abu El-Asrar AM, Abdel Gader AG, Al-Amro SA, Al-Attas OS.
Hyperhomocysteinemia and retinal vascular occlusive disease. Eur J
Ophthalmol. 2002;12(6):495-500.

12. Welch GN, Loscalzo J. Homocysteine and atherothrombosis. N Engl J Med.
1998,338(15):1042-50.

13. Selhub J, Jacques PF, Wilson PWF, Rush D, Rosenberg IH. Vitamin status and
intake as primary determinants of homocysteinemia in an elderly
population. JAMA. 1993;270:2693-8.

14.  Liew SC, Gupta ED. Methylenetetrahydrofolate reductase (MTHFR) C677T
polymorphism: epidemiology, metabolism and the associated diseases. Eur
J Med Genet. 2015;58(1):1-10. https://doi.org/10.1016/j.ejmg.2014.10.004.
Epub 2014 Nov 4

15. Goyette P, Sumner J, Milos R, Duncan A, Rosenblatt D, Matthews R, et al.
Human methylenetetrahydrofolate reductase: isolation of cONA, mapping,
and mutation identification. Nat Genet. 1994;7:195e200.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

Page 46 of 58

Rosenblatt DS, Fenton WA. Inherited disorders of folate and cobalamin
transport and metabolism. In: Scriver CR, Beaudet AL, Sly WS, Valle D, eds;
Childs B, Kinzler KW, Vogelstein B, assoc. eds. The metabolic and molecular
Basies of inherited disease, 8th, vol. 3. New York: McGraw Hill; 2001. 3897-3933.
Sarecka-Hujar B, Kopyta |, Pienczk-Reclawowicz K, Reclawowicz D. Emich-
Widera E, Pilarska E. The TT genotype of methylenetetrahydrofolate
reductase 677C>T polymorphism increases the susceptibility to pediatric
ischemic stroke: meta-analysis of the 822 cases and 1,552 controls. Mol Biol
Rep. 2012;39:7957e63.

Yu HH, Zhang WL, Shi JP. Relationship between methylenetetrahydrofolate
reductase gene C677T polymorphism and susceptibility of ischemic stroke:
a metaanalysis. Zhonghua Yi Xue Za Zhi. 2011;91:2060e4.

Brattstrom L, Wilcken DE, Ohrvik J, Brudin L. Common
methylenetetrahydrofolate reductase gene mutation leads to
hyperhomocysteinemia but not to vascular disease: the result of a meta-
analysis. Circulation. 1998,98:2520e6.

Clarke R, Bennett DA, Parish S, Verhoef P, Dotsch-Klerk M, Lathrop M, et al.
MTHFR Studies Collaborative Group. Homocysteine and coronary heart
disease: metaanalysis of MTHFR case-control studies, avoiding publication
bias. PLoS Med. 2012,9:1001177.

Weger M, Stanger O, Deutschmann H, Leitner FJ, Renner W, Schmut O,
Semmelrock J, Haas A. The role of hyperhomocysteinemia and
methylenetetrahydrofolate reductase (MTHFR) C677T mutation in patients
with retinal artery occlusion. Am J Ophthalmol. 2002;134(1):57-61.

Kniffin, C. Homocystinuria due to cystathionine Beta synthase Deificency
(10th Oct 2010). Retrieved from: https://www.omim.org/entry/236200.

Wald D, Law M, Morris J. Homocysteine and cardiovascular disease:
evidence on causality from a meta-analysis. BMJ. 2002;325:1202e8.

Pereira A, Schettert |, Filho A, Guerra-Shinohara E, Krieger J.
Methylenetetrahydrofolate reductase (MTHFR) C677T gene variant
modulates the homocysteine folate correlation in a mild folate-deficient
population. Clin Chim Acta. 2004;340:99¢105.

Marti-Carvajal AJ, Sola |, Lathyris D. Homocysteine-lowering interventions for
preventing cardiovascular events. Cochrane Database Syst Rev. 2015;1:
CD006612. https.//doi.org/10.1002/14651858.CD006612.pub4.

Sellami, et al. Branch Retinal Artery Occlusion Associated with
Hyperhomocysteinemia: Case Report. J Ophthalmic Clin Res. 2015;2:005.
Kumar V, Chandra P, Kumar A. Central retinal vein occlusion with cillioretinal
artery occlusion in hyperhomocysteinemia. BMJ Case Rep. 20152015
https://doi.org/10.1136/bcr-2015-212259.

Misawa AK, Suzuki H, Maia OO Jr, Bonanomi MT, Melo CS. Peripheral retinal
arterial obstruction associated with hyperhomocysteinemia: case report. Arq
Bras Oftalmol. 2008;71(5):729-33.

Rosenbaum PS, Srinivasan S, Zelefsky JR, Mayers M, Moradi IE. Branch Retinal
Artery Occlusion and Non-Ischemic Central Retinal Vein Occlusion Due to
Hyperhomocysteinemia in a 14-Year-Old Child. J Pediatr Ophthalmol
Strabismus. 48:E1-4. https.//doi.org/10.3928/01913913-20100719-11.
Coban-Karatas M, Erol |, Ozkale Y, Yazici N. Central retinal artery occlusion in
a 13-year-old child as a presenting sign of hyperhomocysteinemia together
with high lipoprotein(a) level. Pediatr Neurol. 2013;49(2):138-40. https://doi.
0rg/10.1016/j.pediatrneurol.2013.04.002.

Sengupta S. Combined branch retinal artery and vein occlusion in
hyperhomocysteinemia. JAMA Ophthalmol. 2014;132(10):1255. https://doi.
0rg/10.1001/jamaophthalmol.2014.558.

Refsum H, Ueland PM, Nygard O, Vollset SE. Homocysteine and
cardiovascular disease. Annu Rev Med. 1998:49:31-62.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://bmcophthalmol.biomedcentral.com/articles/supplements/volume-18-supplement-1
https://bmcophthalmol.biomedcentral.com/articles/supplements/volume-18-supplement-1
https://doi.org/10.1136/emj.17.5.324
https://doi.org/10.1038/eye.2013.25
https://doi.org/10.1016/j.ejmg.2014.10.004
https://www.omim.org/entry/236200
https://doi.org/10.1002/14651858.CD006612.pub4
https://doi.org/10.1136/bcr-2015-212259
https://doi.org/10.3928/01913913-20100719-11
https://doi.org/10.1016/j.pediatrneurol.2013.04.002
https://doi.org/10.1016/j.pediatrneurol.2013.04.002
https://doi.org/10.1001/jamaophthalmol.2014.558
https://doi.org/10.1001/jamaophthalmol.2014.558

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	About this supplement
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

