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Abstract
Central retinal artery 

occlusion is visually devastating 
and has no proven treatments. 
The therapeutic interval between 
symptom onset and potentially 
sight-saving intervention is 
narrow. Traditional conservative 
approaches include digital 
massage, administration of 
systemic vasodilators and 
diuretics, and lowering of 
intraocular pressure. Systemic 
and targeted fibrinolytic therapy 
is under investigation but is 
associated with significant 
adverse reactions. We report 
a case in which hyperbaric 
oxygen therapy restored retinal 
perfusion, and the patient’s vision 
was improved. 

Introduction
One of the most devastating eye 

diseases that ophthalmologists face 
is central retinal artery occlusion 
(CRAO). Within minutes, vision can 
go from crystal clear 20/20 vision 
to seeing only hand motions. CRAO 
typically presents with painless, 
sudden, and profound unilateral 
vision loss. Animal models of CRAO 
suggest that the retina can make a 

full recovery when the occlusion lasts 
less than 90 minutes. Occlusions for 
longer than 100 minutes tend to leave 
varying degrees of retinal damage. 
When the blood flow is interrupted 
for longer than 4 hours, retinal 
damage is usually massive and vision 
loss is irreversible.1 The tissue that is 
potentially salvageable before this stage 
is often referred to as the “ischemic 
penumbra.”2 Penumbral tissue has 
been described as hypoperfused tissue 
that is destined for infarction unless 
normal perfusion is promptly restored. 

The retina is one of the most 
metabolically active tissues, consuming 
more oxygen per gram of tissue than 
many other tissues, including the 
brain.3 The retina has a dual blood 
supply, with the inner layers nourished 
by the central retinal artery and the 
outer retinal layers supported by the 
choroidal circulation. Although the 
average diameter of the central retinal 
artery is only 0.16 mm,4 few blood 
vessels have the sole responsibility 
of nourishing more important real 
estate. In contrast to the solitary 
central retinal artery that supplies the 
inner retinal layers, around 20 ciliary 
arteries work together (called the 
choroidal circulation) to nourish the 
outer layers of the retina. They also 

When patients present 
within 24 hours of the 
onset of central retinal 
artery occlusion symptoms,  
hyperbaric oxygen therapy 
is another possible 
intervention. It has the 
advantages of a relatively 
low-risk profile and can be 
attempted to help improve 
visual outcome.
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supply the central fovea. It is the 
preservation of this blood supply 
that leads to the pathognomonic 
CRAO “cherry red spot” against 
the background of diffuse retinal 
whitening (see Figure 1). 

In the vast majority of the 
population, the central retinal 
artery is the only artery that feeds 
the inner retina. Only 15-30% of 
the population have a cilioretinal 
artery that also feeds the inner 
retina, serving as a back-up blood 
supply that can provide adequate 
blood flow to the macula in the 
case of an acute CRAO. Patients 
with a cilioretinal artery have 
a much better visual prognosis 
than those with a central retinal 
artery only.5 In the 70-85% of 
the population who do not have a 
cilioretinal artery, CRAO typically 
results in permanent vision loss 
in the range of light perception 
only to counting-fingers vision. 
Spontaneous visual recovery after 
CRAO is extremely rare. When a 
cilioretinal artery becomes occluded 
(see Figure 2), however, the visual 
prognosis depends on how much 
of the macular blood supply is 
dependent on this vessel. 

The incidence of CRAO is 
around 1 in 10,000 to100,000.6 
Given the rarity of CRAO and the 
unlikely event that it is diagnosed 
within the first several hours 
of symptom onset, no well-
established treatment guidelines 
have been developed. A variety of 
therapeutic modalities have been 
attempted but with relatively limited 
success. Although interventions 
have little proven benefit, most 
ophthalmologists and their patients with CRAO are willing 
and desperate to try anything that will do no harm in 
the hope that something might help. The reality is that 
most of the time such efforts end up being futile and the 

retina is declared “dead.” Following CRAO, patients are 
typically monitored for long-term complications such as 
neovascular glaucoma. 

Figure 2
Cilioretinal artery occlusion on funduscopy.

Figure 1
Funduscopic appearance of the classic cherry red spot against the 
background of retinal whitening in central retinal artery occlusion.
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Risk factors for CRAO include giant cell arteritis, 
carotid artery atherosclerosis, cardiogenic emboli, 
hypertension, smoking, diabetes, and thromboembolic 
disease. The possibility of such etiologies is addressed 
in the work-up on an individualized basis. Systemic 
steroids are administered when giant cell arteritis is 
suspected clinically. Smoking cessation and blood pressure 
control are important in all patients. Patients with 
significant carotid disease are usually treated with carotid 
endarterectomy, and those with cardiogenic emboli are 
usually treated with long-term anticoagulation. 

Conservative Therapies for CRAO
For many decades, ophthalmologists have held onto 

the hope that an intervention of some type would be 
identified to consistently improve the dire prognosis 
of CRAO. One of the most frequently attempted 
interventions is ocular massage, as it can be readily 
performed with no special equipment. Intermittent 
digital pressure is applied on the eye to help facilitate the 
outflow of aqueous fluid. The release of digital pressure, 
theoretically, causes a sudden lowering of the intraocular 
pressure, which should improve the retinal perfusion 
pressure.7 This maneuver is not without risk, because 
it could theoretically cause a retinal embolus to go 
downstream. 

Intraocular pressure can also be rapidly decreased 
by administering topical glaucoma drops, performing an 
anterior chamber paracentesis, or administering diuretics 
such as acetazolamide or mannitol.8,9 A limitation of 
anterior chamber paracentesis is that it only takes 1-2 
hours for a deflated anterior chamber to return to a 
normotensive range. Sometimes the central retinal artery 
is noted on funduscopy to open back up completely 
following anterior chamber paracentesis. However, the 
blockage has a tendency to recur as soon as the anterior 
chamber reinflates. A recent retrospective review of 
more than 50 patients who underwent anterior chamber 
paracentesis following CRAO showed that there was no 
added gain in visual acuity with this intervention.10

Others have postulated that administration of a 
potent vasodilator such as nitroglycerin or pentoxifylline 
can be used to improve ocular blood flow during the 
ischemic insult.11 An alternative method is to have the 
patient breathe into a brown paper bag in order to cause a 
hypercapnic vasodilatory response.

Despite many anecdotal case series describing 

successful outcomes with any or all of the above measures, 
major review articles have concluded that there is not 
sufficient evidence from prospective trials to state that 
any intervention makes a statistical difference in clinical 
outcomes.12,13 

Revascularization Through Fibrinolysis
Some authors have described the use of systemic or 

targeted administration of tissue plasminogen activator 
(t-PA) for CRAO, since CRAO  is the ocular analogue of 
a cerebral stroke. The results have been mixed. It is more 
challenging to deliver the ideal concentration of t-PA to 
a smaller caliber vessel like the central retinal artery in 
comparison to a larger vessel that may be affected in acute 
ischemic stroke. As a result, the potential risk-benefit ratio 
with t-PA may be higher with CRAO than with stroke-
related occlusion. 

One multicenter (five centers) randomized trial 
compared local intra-arterial fibrinolysis with conservative 
treatment in 84 patients with nonarteritic CRAO.14 This 
five-year study demonstrated identical visual outcomes in 
each treatment group. However, the study was stopped 
prematurely because adverse reactions were much more 
prevalent in the local intra-arterial fibrinolysis group:  
37% versus 4% in the control group. 

Additional prospective trials are underway. In the 
meantime, there is insufficient evidence to recommend 
the use of systemic or targeted fibrinolytics for CRAO. 
The use of thrombolytics should be limited to centers 
participating in ongoing clinical trials. 

Laser or Surgical Arteriotomy
In the event that the offending clot or embolus is 

visible on the optic disc surface, some ophthalmologists 
have had successful outcomes with laser or surgical 
arteriotomy. The Nd-YAG laser is accessible in most 
ophthalmology clinics and has been used in selected cases 
of CRAO and branch retinal artery occlusion (BRAO).15,16 
The laser beam is focused directly on the clot in an 
attempt to dislodge or fragment it in order to revascularize 
the ischemic tissue. 

A surgical technique has been described for physically 
removing the obstruction. During vitreoretinal surgery, 
a stylet is used to directly puncture and remove the 
offending embolus or clot.17 As would be expected, 
vitreous hemorrhage is a common complication of both 
surgical and laser arteriotomy. 
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Hyperbaric Oxygen for CRAO
Hyperbaric oxygen (HBO) therapy may have a more 

favorable side effect profile than more invasive approaches 
like fibrinolysis or surgical arteriotomy.18 The rationale 
behind HBO therapy lies in the aforementioned fact that 
the retina has a dual blood supply. If the oxygen levels 
in the choroidal circulation are increased to a sufficient 
degree, then enough oxygen can diffuse downstream to 
the inner retinal layers to allow them to maintain some 
degree of viability. This theory is supported by CRAO 
animal models in which  preservation of the normal inner 
retinal layer architecture has been demonstrated when 
choroidal oxygen levels have been high enough to allow for 
diffusion to the inner layers.19

Numerous case series support the idea that 
hyperbaric oxygen can improve outcomes following 
CRAO.20-25 Aisenbrey et al. reported  a mean increase in 
visual acuity of 2 lines in a series of eight patients treated 
with HBO.20 Beiran et al. found that over 80% of patients 
in their series reported subjective improvement in vision 
with HBO therapy compared to less than 30% in the 
control group.21,22 In a series of 21 patients, 19 noted 
subjective improvement of vision, which was confirmed 
in 13 patients by visual acuity testing.23 Cope et al. pooled 
data from their case series of 11 patients with data from 
two other case series of HBO therapy, giving a combined 
total of 51 patients, and found that more than half of 
patients experienced visual acuity improvement of greater 
than 2 lines with HBO therapy.24 Menzel-Severing et al. 
compared the visual acuity outcome in 51 HBO-treated 
patients with that in a control group of 29 patients and 
found an average improvement of 3 lines of vision in 
the HBO group compared to only 1 line in the control 
group.25 

 While these studies vary in their selection criteria 
and treatment algorithms, the vast majority recruited 
only patients who presented within 24 hours of symptom 
onset. These studies show hope that early HBO may 
improve outcomes following CRAO. Prospective 
randomized trials are necessary to demonstrate a proven 
benefit. Hyperbaric centers that treat these patients should 
consider forming a central registry of standardized data to 
prospectively study the results of HBO therapy.24

Case Report
A 67-year-old African-American man presented to 

the ophthalmology clinic with complaints of sudden, 

painless loss of vision in his left eye. He had a history of 
hypertension, previous placement of two cardiac stents 
and a 50 pack-year history of tobacco abuse. More 
than 25 years prior to presentation, he lost the vision 
in his right eye from a central retinal vein occlusion 
(CRVO). As is not uncommon following a CRVO, he 
went on to develop neovascular glaucoma, with severely 
elevated intraocular pressures (IOPs) that reached up 
to the 50s (normal range: 10-22 mm Hg). Despite 
aggressive treatment with maximal glaucoma drops and 
multiple palliative laser procedures, his right eye became 
completely blind, with no light perception. He ultimately 
decided to undergo an enucleation procedure to remove 
the right eye because it had no visual potential and was 
causing intolerable pain. 

The patient was quite frustrated with the sudden 
onset of vision loss in his remaining eye.  Baseline 
visual acuity in this eye was 20/25. The evening prior to 
presentation, he noticed an abrupt onset of vision loss 
with a peculiar “kaleidoscope of colors” that developed 
over several minutes. He denied any weakness, slurred 
speech, balance issues, nausea/vomiting, or other 
neurologic symptoms.  His blood pressure was 150/80 
mm Hg. Although he had never had any episodes like this 
before, he went to bed hoping that his vision would be 
back to normal after a good night’s rest. 

His vision remained poor the following morning, 
which prompted a visit to the ophthalmology clinic. He 
was able to count fingers from 5 feet away but could not 
identify the 20/400 line of the Snellen eye chart. His 
intraocular pressure was within normal limits. Fluorescein 
angiography demonstrated delayed filling of the retinal 
circulation, consistent with acute CRAO. 

The hyperbaric medicine team was consulted and 
expediently started HBO therapy, based on a 2012 
treatment algorithm published in the Journal of the Undersea 
and Hyperbaric Medical Society.18 The patient underwent a 
total of six treatments (one every 12 hours) over a 72-
hour period. Each treatment consisted of three 30-minute 
sessions, with a 5-minute break between each session. The 
pressure level was set between 2.4 and 2.5 atmospheres. 
After each treatment, visual acuity was measured to assess 
for any interval changes. He tolerated the sessions without 
any adverse side effects. 

Following the first hyperbaric treatment, the patient 
noticed an abrupt recovery in his sight. His vision 
improved to 20/70. After the second treatment, his vision 
improved an additional line, to 20/60. Over the next four 
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treatments, his vision continued to trend upward until it 
stabilized at 20/40. The following week, he underwent 
a second fluorescein angiography study. This time, there 
was no delay in the transit of the fluorescein dye into 
the retinal circulation. The previously obstructed central 
retinal artery had completely recanalized. After two years 
of follow-up, the patient’s vision has remained stable at 
20/40.

Conclusion
When it comes to CRAO, “time is vision.” CRAO 

is a true ophthalmic emergency. If any intervention is 
capable of reversing or limiting the associated vision 
loss from CRAO, it must be done in a timely fashion 
while there is still hope to save the ischemic penumbra. 
When patients present longer than 24 hours after 
symptom onset, the damage has already been done and 
there is little hope for spontaneous visual improvement. 
The shorter the time between onset of symptoms and 
presentation, the more hope there is that intervention 
may be beneficial to some degree. 

Because of the relative infrequency of CRAO in 
comparison to other ischemic events, it is challenging 
to perform large-scale randomized controlled trials. 
The few randomized trials that have been published 
have failed to demonstrate any proven intervention 
that is more likely to work better than doing nothing.13 
Well-designed prospective trials are still required 
to establish the most effective treatment for CRAO. 
Hopefully, future studies will demonstrate interventions 
that can improve the poor visual prognosis associated 
with CRAO. In the meantime, ophthalmologists will, 
within reason, continue to try anything and everything 
to improve oxygen delivery to the ischemic retina, 
with the hopes of salvaging as much vision as possible. 
When patients present within 24 hours of the onset 
of CRAO symptoms, HBO therapy is another possible 
intervention. It has the advantages of a relatively low-
risk profile and can be attempted to help improve visual 
outcome.
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