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Case report
Hyperbaric oxygen for the treatment of the rare combination of
central retinal vein occlusion and cilioretinal artery occlusion
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Abstract

(Celebi ARC, Kilavuzoglu AE, Altiparmak UE, Cosar CB, Ozkiris A. Hyperbaric oxygen for the treatment of the rare
combination of central retinal vein occlusion and cilioretinal artery occlusion. Diving and Hyperbaric Medicine. 2016
March;46(1):50-53.)

A 43-year-old male presented with sudden onset of painless, blurred vision in his left eye. Dilated fundoscopic examination
showed signs consistent with the diagnosis of a combination of central retinal vein occlusion (CRVO) and cilioretinal artery
occlusion (CLRAO). He received daily 2-h sessions of hyperbaric oxygen treatment (HBOT), 253 kPa for 14 days. At the end
of the HBOT course, the patient’s left visual acuity had improved from 20/200 to 20/20. Dilated fundoscopic examination
showed that the intra-retinal haemorrhages in the entire retina and the retinal whitening along the course of the CLRA seen
at presentation had completely resolved. The combination of CLRAO and CRVO comprises a discrete clinical entity. Even
though there are many hypotheses concerning this condition, it is most likely the result of elevated intraluminal pressure
in the retinal capillaries due to CRVO that exceeds the pressure in the CLRA. HBOT may be an effective treatment for

CRVO-associated CLRAO.
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Introduction

The cilioretinal artery (CLRA) arises from the short posterior
ciliary arteries and can be seen in about 32% of eyes.! The
number, size and distribution of these arteries vary widely.
In approximately 19% of eyes, the CLRA contributes to the
macular blood supply.! Veno-occlusive retinal disorders are
a common visual-impairing condition and central retinal
vein occlusion (CRVO) is among the most common primary
veno-occlusive disorders of the retina.? The frequency
of CRVO ranges from 0.2% to 0.8% in population-based
studies.? At the onset of CRVO some eyes may have
associated cilioretinal artery occlusion (CLRAO).

The combination of CRVO and CLRAO was first described
in 1968.> The pathogenesis of CLRAO in patients with
CRVO is not precisely known. Numerous therapies
(e.g., surgical embolectomy, Nd:YAG embolysis) have
been used to treat retinal arterial occlusive disorders.
Supplemental oxygen is administered to maintain retinal
function and restore vision via diffusion from the choroidal
circulation to the inner layers of the retina.* Hyperbaric
oxygen treatment (HBOT) administered as early as possible
within 24 hours after the diagnosis of occlusive vascular
disease of the retina is being used in some centres with
some success in selected patients.’” We present a patient
with CRVO and CLRAO who was successfully treated with
HBOT, and summarise the pathogenesis of this dual entity.

Case report

A 43-year-old male presented with sudden onset of painless,
blurred vision in his left eye. He reported having visual
obscurations during the week prior to this. The patient’s
ophthalmic and systemic history was negative prior to
this visual complaint. At presentation, visual acuity was
20/20 in the right eye (OD) and 20/200 in the left (OS).
Intraocular pressures were 16 mmHg OD and 18 mmHg
OS. Slit-lamp examination was unremarkable. Dilated
fundoscopic examination of the left eye showed left optic
disc swelling, multiple small intra-retinal haemorrhages in
the papillomacular bundle, deep blot haemorrhages in the
entire posterior pole, as well as increased vessel tortuosity
and venous dilatation. Retinal whitening was observed along
the course of the CLRA. Examination of the right eye was
normal. Visual field testing was unavailable at the time due
to technical problems with the equipment.

Fundus fluorescein angiography (FFA) of the left eye
showed delayed filling of the central retinal vein and
prolonged arteriovenous filling time. The CLRA began
to fill as dye appeared in the retinal arteries 24.2 s after
injection of the dye. At 33.7 s the retinal veins had just
begun to fill proximally with dye, which indicated prolonged
retinal arteriovenous transit time (Figures 1 and 2). Based
on these findings, the patient was diagnosed as having
combined CRVO and CLRAO. Systemic examination
showed previously undetected hypertension. A full blood
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Figure 1
Fundus fluorescein angiography of the left eye showing slow filling
of the CLRA with dye (image taken at 24.2 s)

count, coagulation screen, C-reactive protein, fasting blood
glucose, homocysteine level, and liver function were all
normal, as were electrocardiography, chest X-ray, carotid
ultrasonography and transthoracic echocardiography.
The only abnormalities noted were high LDL-cholesterol
(157 mg-dl'") and triglyceride (244 mg-dl"!) levels. The
patient was begun on anti-hyperlipidaemia treatment. His
blood pressure was not lowered during the event but later
on he was started on antihypertensive medications with
beta-blockers on a regular basis.

After the diagnosis was established, he was transferred
to a hyperbaric facility elsewhere for daily 2-h HBOT at
253 kPa, which was continued for 14 consecutive days
without incident. After the final HBOT, his visual acuity had
increased to 20/20 OS. Dilated fundoscopic examination of
the left eye showed that the intra-retinal haemorrhages in
the entire retina and the retinal whitening along the course
of the CLRA had completely resolved. There were small
refractile yellow-white iridescent crystals noted at the end
of the CLRA. Fundus fluorescein angiography showed a
normal dye arteriovenous transit time of 16.6 s and a lack
of abnormal florescence (Figure 3).

Discussion

Cilioretinal artery occlusion has been reported in association
with embolism, CRVO and a variety of medical conditions
as well as with pregnancy.! Combined CRVO and CLRAO
was first described in 1968, and subsequently reported to
account for 40% of all CLRA obstructions.*’” There are three
forms of CLRAO: isolated non-arteritic; associated with
giant cell arteritis, and associated with CRVO.8 CLRAO
associated with CRVO is a clinical entity thought to be due
to transient haemodynamic blockage of the CLRA caused

Figure 2
Fundus fluorescein angiography of the left eye showing delayed
filling of the central retinal vein and prolonged arteriovenous filling
time in the left eye; dilatation and tortuosity of the retinal vessels
was also noted in all four quadrants (image taken at 33.7 s)

Figure 3
Fundus fluorescein angiography of the left eye following 14 HBO
treatment showing a normal dye transit time and lack of abnormal
florescence (image taken at 16.6 s)

by a sudden sharp increase in intraluminal pressure in the
retinal capillary bed to a level higher than that in the CLRA.

The pathogenic mechanism of CLRAO combined with
CRVO remains unknown. One hypothesis is that CLRAO
develops secondary to elevated capillary pressure caused by
CRVO.’ Another is that a primary reduction in the perfusion
pressure in the cilioretinal and retinal arteries causes a
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decrease in retinal circulation, and subsequent venous
stasis and thrombosis.!® In eyes with a cilioretinal supply,
the probability that cilioretinal infarction will complicate
retinal vein occlusion is thought to increase as the severity
of venous obstruction increases and as the origin of CLRA
increases distally from the posterior ciliary artery tree.!!
Indicators of the degree of venous obstruction that may be
necessary to instigate cilioretinal infarction include: a very
prolonged (defined as more than 30 seconds) dye transit time
in the central circulation, increases in venous cyanosis and
tortuosity, perivenous cotton wool sentinels and macular
perivenular whitening.!!

Another hypothesis is that a primary reduction in central
retinal arterial and CLRA perfusion, or arterial vasospasm,
produces secondary venous hypoperfusion and stasis,
promoting thrombosis.'*!> A further hypothesis is based
on the fact that arterial perfusion pressure must overcome
venous pressure to maintain circulation, and that a marked
increase in intraluminal retinal capillary bed pressure due
to venous blockage exceeds intraluminal CLRA perfusion
pressure, resulting in occlusion.'* Experimental studies
have also shown that arterial constriction following venous
obstruction is attributable to a decrease in local levels of
nitric oxide, which might contribute to reduced CLRA
perfusion.'* The central retinal artery has sufficient auto-
regulatory capacity to maintain perfusion, in contrast
to the CLRA arising from the choroidal vascular bed."
Furthermore, perfusion pressure in the choroidal vascular
bed is lower than that in the central retinal artery.'

Fluorescein fundus angiography provides useful information
in eyes with CLRAO. Normally, the CLRA begins to fill
immediately before the central retinal artery at the optic disc,
although in some eyes the cilioretinal and the central retinal
arteries begin to fill at the same time."* However, in eyes
with CRVO and CLRAO, the CLRA filling time depends
upon the time between the onset of visual symptoms and
fluorescein angiography. Observation of eyes within a couple
of hours of the onset of visual symptoms reveals a classical
oscillating blood column in the CLRA (i.e., the artery fills
for a variable distance from the optic disc during diastole),
whereas in eyes observed two to three days after the onset
of symptoms, the CLRA begins to fill earlier. The shorter
the time interval between the onset of visual symptoms and
signs (i.e., the greater the retinal venous stasis), the longer it
takes for the artery to fill.'* The time it takes for the CLRA
to fill depends on: the severity of retinal venous stasis; the
speed with which the venous collaterals develop in the optic
nerve, and the time between the onset of visual symptoms
and angiography.'?

Patients with CRVO and CLRAO generally present with a
history of an episode(s) of transient visual blurring before the
onset of persistent blurred vision, which is first experienced
upon waking from sleep or in the morning when the need
for fine central vision first arises. In the eyes of patients
with non-ischaemic CRVO without foveal involvement from

CLRAO, marked improvement in visual acuity may occur;
however, when the retinal infarct involves the foveal zone,
central scotoma is irreversible. A detailed discussion of the
primary differences between ischaemic and non-ischaemic
CRVO is to be found elsewhere.” In the presented case,
because visual obscurations were reported prior to sudden
visual loss, it was thought that there was partial occlusion in
the central retinal vein and that the CLRAO was secondary
to this.

There is no treatment proven to be effective for CLRAO
associated with CRVO.! The challenge is to administer
supplemental oxygen soon enough after the onset of visual
loss to prevent irreversible retinal damage. Supplemental
oxygen as a treatment option in retinal arterial occlusions
showed promising visual results. In experimental models
of complete central retinal arterial occlusion the ischaemic
time window before permanent retinal damage occurs is
91 mins; in clinical settings in which occlusion may be
incomplete vision may be restored even after 8—24 h.>¢ In
patients with retinal arterial occlusion that present within
24 h of visual loss, supplemental oxygen should be started
immediately. Recent studies have suggested that HBOT is a
safe, easily administered, low-cost and effective treatment in
patients with non-arteritic CLRAO." If the patient responds
to HBOT, follow-up treatment with supplemental oxygen
should be customized to maintain retinal viability until the
obstructed retinal artery is re-canalized, which typically
occurs within 72 h.> HBOT was reported as a safe and
effective treatment for a case of cystoid macular edema
secondary to retinal vein occlusion.!” There are no clear
recommendations with regard to the number or frequency
of HBOT in this clinical situation, though guidelines
are available for acute central retinal artery obstruction
(CRAO)

The major parameters for visual prognosis are the time from
onset of symptoms to the beginning of HBOT, and the time
until retinal reperfusion begins.* HBOT not only increases
oxygenation and perfusion pressure, but also probably
reduces intraocular and episcleral venous pressure, which
moves a thrombus to a more distal site."!7!8

In conclusion, the combination of CLRAO and CRVO
comprises a discrete clinical entity. Even though there are
many hypotheses concerning this condition, it is most likely
the result of elevated intraluminal pressure in the retinal
capillaries due to CRVO that exceeds the pressure in the
CLRA. Prospective controlled trials are needed to investigate
more fully the role of HBOT as a treatment of choice for
CRVO-associated CLRAO and for CRAO.

References

1 Hayreh SS. Acute retinal arterial occlusive disorders. Prog
Retin Eye Res. 2011;30:359-94.

2 Bearelly S, Fekrat S. Controversy in the management of retinal
venous occlusive disease. Int Ophthalmol Clin. 2004;44:85-102.



Diving and Hyperbaric Medicine Volume 46 No. 1 March 2016

10

11

12

13

14

Oosterius JA. Fluorescein fundus angiography in retinal
venous occlsion. In: Henkes HE, editor. Perspective in
ophthalmology. Amsterdam: Excerpta Medica Foundation;
1968. p. 29-47.

Celebi AR, Kadayifcilar S, Eldem B. Hyperbaric oxygen
therapy in branch retinal artery occlusion in a 15-year-old boy
with methylenetetrahydrofolate reductase mutation. Case Rep
Ophthalmol Med. 2015;42:125-31. doi: 10.1155/2015/640247.
Murphy-Lavoie H, Butler F, Hagan C. Central retinal artery
occlusion treated with oxygen: a literature review and
treatment algorithm. Undersea Hyperb Med. 2012;39:943-53.
Cope A, Eggert JV, O’Brien E. Retinal artery occlusion: visual
outcome after treatment with hyperbaric oxygen. Diving
Hyperb Med. 2011;41:135-8.

Brown GC, Moffat K, Cruess A, Magargal LE, Goldberg RE.
Cilioretinal artery obstruction. Retina. 1983;3:182-7.
Hayreh SS, Podhajsky PA, Zimmerman MB. Branch
retinal artery occlusion: natural history of visual outcome.
Ophthalmol. 2009;116:1188-94.

Keyser BJ, Duker JS, Brown GC, Sergott RC, Bosley TM.
Combined central retinal vein occlusion and cilioretinal artery
occlusion associated with prolonged retinal arterial filling. Am
J Ophthalmol. 1994;117:308-13.

Glacet-Bernard A, Gaudric A, Touboul C, Coscas G.
[Occlusion of the central retinal vein with occlusion of a
cilioretinal artery: apropos of 7 cases]. J Fr Ophtalmol.
1987;10:269-77. French.

McLeod D. Central retinal vein occlusion with cilioretinal
infarction from branch flow exclusion and choroidal arterial
steal. Retina. 2009;29:1381-95.

Bottés JM, Aggio FB, Dib E, Farah ME. Impending central
retinal vein occlusion associated with cilioretinal artery
obstruction. Clin Ophthalmol. 2008;2:665-8.

Hayreh SS, Fraterrigo L, Jonas J. Central retinal vein
occlusion associated with cilioretinal artery occlusion. Retina.
2008;28:581-94.

Donati G, Pournaras CJ, Pizzolato GP, Tsacopoulos M.
Decreased nitric oxide production accounts for secondary
arteriolar constriction after retinal branch vein occlusion.
Invest Ophthalmol Vis Sci. 1997;38:1450-7.

15

16

17

18

19

53

Hayreh SS. Pathogenesis of visual field defects. Role of the
ciliary circulation. Br J Ophthalmol. 1970;54:289-311.
Hayreh SS, Jonas JB. Optic disk and retinal nerve fiber layer
damage after transient central retinal artery occlusion: an
experimental study in rhesus monkeys. Am J Ophthalmol.
2000;129:786-95.

Weiss JN. Hyperbaric oxygen treatment of nonacute central
retinal artery occlusion. Undersea Hyperb Med.2009;36:401-5.
Wright JK, Franklin B, Zant E. Clinical case report: treatment
of a central retinal vein occlusion with hyperbaric oxygen.
Undersea Hyperb Med. 2007;34:315-9.

Gokce G, Metin S, Erdem U, Sobaci G, Durukan AH,
Cagatay HH, Ekinci M. Late hyperbaric oxygen treatment of
cilioretinal artery occlusion with nonischemic central retinal
vein occlusion secondary to high altitude. High Alt Med Biol.
2014;15:84-8.

Conflict of interest: nil

Submitted: 21 September 2015; revised 31 October 2015 and 08
January 2016
Accepted: 11 January 2016

Ali Riza Cenk Celebi, Ayse Ebru Kilavuzoglu, Ugur Emrah
Altiparmak, C Banu Cosar, Abdullah Ozkiris

Department of Ophthalmology, Acibadem University School of
Medicine, Istanbul, Turkey

Address for correspondence:

ARC Celebi

Department of Ophthalmology
Acibadem University School of Medicine
Turgut Ozal Boulevard, No: 16

PBX: 34303 Kucukcekmece

Istanbul

Turkey

E-mail: <arcenkcelebi@ gmail.com>






