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Introduction

Central retinal artery occlusion (CRAO) is an uncommon 
but disabling ocular emergency.1 The incidence of CRAO 
has been reported as <2 per 100 000 population in a study in 
the United States2 and 1.72 per 100 000 population in a study 
in South Korea.3 In a large series of 244 patients,4 natural 
outcomes of CRAO were poor: 81% of patients had final 
visual acuity (VA) of 0.1 or worse and 61.5% had final VA of 
finger counting or worse. With conventional management or 
without treatment, 38% had VA improvement, whereas 19% 
had improvement in both VA and visual field. In a subgroup 
of 171 patients with non-arteritic CRAO with no cilioretinal 
artery sparing, the outcome was worse: 98.4% had final VA 
of 0.1 or worse and 78.5% had final VA of finger counting or 
worse; only 6% had improvement in both VA and visual field.

Conventional management modalities of CRAO include 
ocular massage, intraocular pressure–lowering drugs or 
techniques (such as glaucoma eyedrops, intravenous or 
oral Diamox, intravenous mannitol, and anterior chamber 
paracentesis, and rebreathing into a bag to increase carbon 
dioxide concentration that causes vasodilatation). Newer 
treatment modalities include intravenous thrombolysis with 
tissue plasminogen activator5-7 and intra-retinal arterial 

Abstract

Objective: To review medical records of patients who 
underwent hyperbaric oxygen therapy (HBOT) for central 
retinal artery occlusion (CRAO).
Methods: Medical records of patients who underwent 
HBOT for CRAO between November 2018 and 
December 2019 were reviewed. The first emergency 
HBOT was at 2.8 atmosphere absolute for 90 minutes 
with staged decompression. Subsequent sessions were 
at 2.4 atmosphere absolute twice daily or daily. Patients 
were followed up daily at the eye clinic. HBOT lasted 
for 5 days or 10 treatment sessions if there was visual 
improvement on day 3. Treatments were discontinued 
if patients had no visual improvement or were unable 
to tolerate the treatment or experienced major adverse 
effects, or when the patient was confirmed to not have 
CRAO. 
Results: Of 31 patients who underwent HBOT, 25 with 
CRAO (17 men, 8 women; aged 44 to 89 years) were 
included. Mean onset-to-door time was 3.3±4.2 hours, 
and mean onset-to-HBOT time was 13.3±7.4 hours. Mean 
number of HBOT sessions was 7.9±2.7. Mean change in 
visual acuity (VA) was -0.43 LogMAR (p=0.003). At the 
end of treatment, 84% had VA of 0.1 (1.0 logMAR) or 
worse and 64% had VA of finger counting (1.7 logMAR)  
or worse. No factors were associated with VA improvement 
including age, onset-to-door time, onset-to-HBOT time, 
number of HBOT sessions, or pre-HBOT VA.

Conclusion: HBOT for CRAO shows promising visual 
outcomes. It is important to be aware of the systemic 
complication of CRAO and provide timely systemic 
cardiovascular examination for CRAO patients.
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cannulation.8 Nonetheless, there is no consensus on the 
optimal therapy for CRAO.4,9-12

In 2008, the Undersea and Hyperbaric Medical Society 
approved the use of hyperbaric oxygen therapy (HBOT) 
for CRAO.13 The rationale is to supply oxygen to the retina 
through choroidal circulation by diffusion. Under normal 
conditions, blood supply to the inner two-third of retina is 
from the central retinal artery, whereas the outer one-third is 
from the choroidal circulation by diffusion. Under normoxic 
conditions, about 60% of retinal oxygen supply comes from 
choroidal circulation. Under hyperoxic conditions, choroid is 
capable of supplying 100% oxygen needed by the retina.14 
Other proposed rationales for the use of HBOT in CRAO 
are related to hyperbaric oxygen effect on edema reduction 
and its ability to blunt ischemia-reperfusion injury after 
recanalization occurs.15

In September 2018, the Pamela Youde Nethersole Eastern 
Hospital set up the first hospital-based HBOT center in 
Hong Kong. HBOT was first used for life-threatening 
cases including decompression sickness, carbon monoxide 
poisoning, and necrotizing fasciitis. In November 2018, 
HBOT was used to treat patients with other indications such 
as CRAO, osteomyelitis, delayed radiation injuries, and 
idiopathic sudden sensorineural hearing loss. The HBOT 
chamber (Haux-Starmed-Quadro 3300-2300) is divided into 
3 sub-chambers with individual pressure control. Patients 
wear oxygen hoods with 100% oxygen, and the entire sub-
chamber is pressurized to a desired pressure level.

Methods 

Medical records of patients who underwent HBOT for 
CRAO between November 2018 and December 2019 
were reviewed. The diagnosis of CRAO was made by an 
ophthalmologist, and patients with the symptom onset–to-
door time of <6 hours were referred to our center for HBOT 
(Figure 1). Patients with the symptom onset–to-door time of 
>6 hours were treated with HBOT depending on individual 
case conditions (such as those with only eye) and manpower 
availability. Those with CRAO of iatrogenic causes such 
as filler-related CRAO, branch retinal arterial occlusion, 
cilioretinal artery occlusion, or any absolute contraindication 
to HBOT such as untreated pneumothorax were excluded. 
Emergency treatments such as ocular massage, anterior 
chamber paracentesis, rebreathing bag, and Diamox were 
given by the referring ophthalmologists before transfer.

Baseline ophthalmological assessments included VA, 
intraocular pressure, pupillary reaction, anterior segment and 
dilated fundal examination. VA measured in Snellen decimals 
was converted to logarithm of minimal angle of resolution 
(LogMAR): finger counting = 1.7 logMAR, hand movement 
= 2.0 logMAR, light perception = 2.3 logMAR, and no light 
perception = 3.0 logMAR.16 Fundal fluorescein angiography 
as a gold standard for diagnosis was performed on the next 
available working day. Patients were followed up at eye clinic 
daily for VA, intraocular pressure, dilated fundal examination.

Blood tests for cardiovascular risk factors and chest 
radiography were performed at the emergency department 
before HBOT to rule out any contraindication for treatment 
including pneumothorax. The first emergency HBOT was 
at 2.8 atmosphere absolute for 90 minutes with staged 
decompression. Subsequent sessions were at 2.4 atmosphere 
absolute twice daily or daily based on the US Navy Treatment 
Table 9. Patients were followed up daily at the eye clinic. 
HBOT would last for a total of 5 days or 10 treatment sessions 
if there was visual improvement on day 3. Treatments were 
discontinued if patients had no visual improvement or were 
unable to tolerate the treatment or experienced major adverse 
effects, or when the patient was confirmed to not have 
CRAO. Patients were subsequently referred to the medical 
department for detailed assessment to determine whether 
further investigation such as neuroimaging was necessary.

Statistical analysis was performed using SPSS (version 
25, IBM, USA). To determine factors associated with VA 
improvement, Fisher’s exact test was used for categorical 
variables and t-test was used for continuous variables.

Results

Of 31 patients who underwent HBOT, six were non-CRAO 
cases including branch retinal arterial occlusion (n=3), 
central serous choroioretinopathy (n=1), orbital apex tumour 
(n=1), and retrobulbar optic neuritis (n=1), and HBOT was 
terminated. The remaining 17 male and 8 female patients 
with CRAO were aged 44 to 89 years, with the mean onset-
to-door time of 3.3±4.2 (range, 0-16) hours, and the mean 
onset-to-HBOT time of 13.3±7.4 (range, 4.4-32.2) hours. 
68% (17/25) were treated within 12 hours of symptom onset. 
The mean number of HBOT sessions was 7.9±2.7 (range, 
3-14) [Table].

Figure 1. Protocol of hyperbaric oxygen therapy (HBOT) for 
central retinal artery occlusion (CRAO)

Clinically diagnosed CRAO patients 
referred for HBOT

First emergency treatment
at 2.8 atmosphere absolute

Subsequent treatments at 2.4 atmosphere 
absolute twice daily or daily

Assessment on day 3

Continue treatment for a 
total of 5 days or 10 sessions

Treatment aborted

Significant 
adverse effects

Visual
improvement

No visual
improvement

Wrong 
diagnosis
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Table. Patient characteristics and treatment outcomes of hyperbaric oxygen therapy (HBOT) for central retinal artery occlusion (CRAO)

Pa-
tient

Sex/
age, y

Comorbidity Affected 
eye

Treatment before 
HBOT

Relative 
afferent 
pupillary 
defect

Cherry 
red 
spot

Onset-
to-

door 
time, 
hours

Onset-
to-

HBOT 
time, 
hours

No. of 
HBOT 
sessions

Visual acuity

Before 
treatment

After 1 
week

1 M/64 Diabetes mellitus, 
hypertension, hyperlipidemia

Right Normobaric oxygen Yes Yes 16 19.7 10 Hand 
movement

Hand 
movement

2 F/80 Diabetes mellitus, 
hypertension, ischemic heart 
disease, old cerebrovascular 
accident

Left Rebreathing bag, ocular 
massage 

No (fellow 
eye branch 
retinal arterial 
occlusion)

Yes 2 8 14 Hand 
movement

0.222

3 M/59 Hypertension, hyperlipidemia, 
atrial fibrillation

Left Rebreathing bag, ocular 
massage, diamox 250 mg 
po, alphagan P

Yes Yes 2 10 10 Light 
perception

Finger 
counting

4 M/74 Hypertension, hyplipidemia, 
atrial fibrillation, ischemic 
heart disease

Left Rebreathing bag, ocular 
massage, diamox 250 mg 
po, alphagan P

Yes Yes 1.5 10 10 Hand 
movement

Finger 
counting

5 M/51 Newly diagnosed 
hypertension, hyperlipidemia

Right Rebreathing bag, ocular 
massage, diamox 500 mg 
IV

Yes No 0.5 4.4 10 Hand 
movement

Finger 
counting

6 F/48 Good Left Rebreathing bag, ocular 
massage 

Yes Yes 3 8.4 10 Hand 
movement

0.7

7 M/82 Diabetes mellitus, 
hypertension, hyperlipidemia

Left Nil Yes Yes 5 16 9 Light 
perception

Hand 
movement

8 M/68 Impaired fasting glucose, 
hyperlipidemia, old 
cerebrovascular accident

Right Rebreathing bag, ocular 
massage, diamox 500 mg 
po, timolol 

Yes Yes 0.5 8 9 Light 
perception

Finger 
counting

9 F/74 Diabetes mellitus, 
hypertension, hyperlipidemia

Left Ocular massage, diamox 
250 mg po

Yes Yes 5 9 9 Hand 
movement

Finger 
counting

10 M/45 Newly diagnosed hypertension 
and hyperlipidemia

Right Diamox 500 mg IV, 
timolol

Yes Yes 0.75 8.6 3 Hand 
movement

Hand 
movement

11 F/64 Good Left Diamox 500 mg IV, 
timolol

Yes Yes 0 26.9 8 3/60 0.3 

12 F/76 Diabetes mellitus, 
hypertension, hyperlipidemia

Right ocular massage, timolol Yes Yes 1.5 8 3 1/60 0.017

13 M/70 Diabetes mellitus, 
hypertension, hyperlipidemia, 
ischemic heart disease

Left Nil Yes Yes 16 18.6 5 Hand 
movement

0.008

14 M/70 Newly diagnosed 
hypertension, hyperlipidemia

Right Nil Yes Yes 0.5 8.2 8 Light 
perception

0.017

15 M/61 hypertension, hyperlipidemia, 
old cerebrovascular accident

Left Diamox 500 mg IV, 
xalacom

Yes Yes 1.3 18.2 10 Finger 
counting

Finger 
counting

16 M/82 Diabetes mellitus, 
hypertension, hyperlipidemia

Right Ocular massage, diamox 
500 mg IV, timolol

Yes Yes 0.5 7 7 Hand 
movement

Finger 
counting

17 M/75 Diabetes mellitus, 
hypertension, hyperlipidemia, 
old cerebrovascular accident

Right Rebreathing bag, ocular 
massage, timolol 

Yes Yes 2 8.8 7 Hand 
movement

Finger 
counting

18 M/74 Good Left Rebreathing bag, ocular 
massage, diamox 500 mg 
IV, timolol

Yes Yes 5.5 19.7 8 Light 
perception

Hand 
movement

19 F/50 Impaired fasting glucose, 
newly diagnosed hypertension

Left Rebreathing bag, ocular 
massage, diamox 500 mg 
IV, timolol

No No 4 28.8 10 Finger 
count

0.8 

20 M/56 Diabetes mellitus, 
hypertension

Right Ocular massage, diamox 
500 mg IV, timolol

No (fellow 
eye no light 
perception)

Yes 2.3 9.5 10 No light 
perception

No light 
perception

21 M/70 Hyperlipidemia, old 
cerebrovascular accident

Left Rebreathing bag, ocular 
massage 

Yes Yes 1.25 8.6 7 Hand 
movement

Hand 
movement

22 M/73 Hypertension, carotid stenosis Left Rebreathing bag, ocular 
massage 

Yes Yes 2 10.9 5 Finger 
counting

Finger 
counting

23 F/44 Good Left Rebreathing bag, diamox 
500 mg IV

Yes Yes 4.8 12 5 Hand 
movement

0.7 

24 F/89 Hypertension Right Nil Yes Yes 0.7 32.2 4 Hand 
movement

Finger 
counting

25 M/69 Good Left Nil Yes Yes 5 12 6 No light 
perception

No light 
perception
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At presentation, 92% (23/25) had VA of finger counting or 
worse. The mean LogMAR was 2.02 (range, 1.3-3.0) and the 
median was 2.0 (equivalent to hand movement). 88% (22/25) 
had relative afferent pupillary defect on the diseased eye, 
and 92% (23/25) had cherry red spot on fundal examination 
(Figure 2).

84% (21/25) had known cardiovascular risk factors including 
diabetes, hypertension, or hyperlipidemia. 20% (5/25) were 
not prescribed with long-term aspirin after having CRAO. 

Seven patients required additional procedures such 
as myringotomy (n=4) or otovent (n=3) for pressure 
equalization. Two patients had early termination of treatment 
owing to difficulty in pressure equalization and refusal of 
myringotomy. The first one developed mild tinnitus during 
the eighth session. The second patient developed otalgia with 
suspected hemotypanum after four sessions.

The mean VA change was -0.43 LogMAR (p=0.003). 68% 
(17/25) had a measurable VA improvement (Figure 3). At the 
end of treatment, 84% (21/25) had VA of 0.1 (1.0 logMAR) 
or worse and 64% (16/25) had VA of finger counting  
(1.7 logMAR) or worse. Among nine patients who remained 
to be followed up in our center, the same VA was maintained 
after 1 week to 20 months. 

44% (11/25) received neuroimaging to exclude stroke within 
1 week of CRAO and 56% (14/25) within 2 months. 68% 
(17/25) were treated for cardiovascular risk factor within  
2 weeks. 96% (24/25) had regular medical assessment 
after CRAO; one patient was lost to follow-up. One patient 
developed acute stroke with an acute infarct over the right 
middle cerebellar peduncle after 3 sessions of HBOT. The 
patient was admitted to the acute stroke unit for management, 
and HBOT was terminated. One patient had a fall and 
subdural hemorrhage 11 months after CRAO; the subdural 

Figure 2. Fundus photos of 
patient 1 showing a cherry red 
spot of the right eye.

Figure 3. Goldmann visual field of patient 1 on days 2 and 10 of hyperbaric oxygen therapy (HBOT) showing vision improvement
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hemorrhage may have been related to the use of aspirin and 
dipyridamole. 92% (23/25) did not have any cerebrovascular 
events after CRAO.

No factors were associated with VA improvement including 
age (p=0.46), onset-to-door time (p=0.77), onset-to-HBOT 
time (p=0.46), number of HBOT sessions (p=0.20), or  
pre-HBOT VA (p=0.95). Nor these factors associated with  
VA improvement of >1 line, with p values of 0.15, 0.59, 0.40, 
0.28, 0.14, respectively. 

Discussion

Favorable outcomes of HBOT for CRAO have been reported. 
In 476 patients with HBOT, 306 (65%) patients experienced 
vision improvement.17 In our case series, 68% had appreciable 
VA improvement, compared to 38% based on the natural 
history of CRAO. 84% had final VA of 0.1 or worse and 64% 
had final VA of finger counting or worse, compared with 
98.4% and 78.5%, respectively, based on the natural history 
of CRAO.4

Central scotoma is the most common visual defect in CRAO,4 
because the macula region is the thickest part of the retina. 
When circulation in the central retinal artery restores, 
the retinal capillaries in the central, thickest part of the 
macula region do not refill because of compression by the 
surrounding swollen superficial retinal tissue. This results in 
the ‘no re-flow phenomenon’ and consequently permanent 
ganglion cell death in the non-perfused retina.18-20 In addition, 
oxygen supply and nutrition from the choroidal vascular bed 
to the thinner peripheral retina enable longer survival time 
and maintenance of the peripheral visual field. Therefore, VA 
measurement alone may not be able to capture all the visual 
improvements in patients with CRAO. Visual field may 
improve without a measurable improvement in VA owing to 
the central scotoma. However, manpower constraints forbid 
performance of formal visual field tests on all patients before 
and after treatment.

The rationale for HBOT in CRAO is to support retina’s 
oxygen demand while natural recanalization of the central 
retinal artery occurs, which is usually present within 
72 hours.21 In our case series, if patients had no visual 
improvement after 3 days, it was assumed that the chance 
of natural recanalization was low and treatment was 
discontinued. If there was visual improvement, HBOT was 
extended to after recanalization. In patient 2, treatment was 
extended to 14 sessions until VA stabilized when there was 
deterioration of vision after 10 sessions. We hypothesized 
that recanalization was not established or was partial after 
10 sessions and thus VA dropped when there was no oxygen 
support to the retina by the HBOT. Similar treatment 
protocol to resume HBOT when patients experience vision 
drop is also advocated.17

There is no consensus on the optimal treatment protocol 
of HBOT for CRAO. One study suggests titration of 
oxygen pressure and treatment duration based on vision 

improvements.17 The Henneipin County Medical Center uses 
standard treatment pressure for all patients with CRAO,22 
as does our center. Protocols involving titrating treatment 
pressure for individual patients may be difficult to follow 
when there are only three individual chambers in our center 
and patients with different indications are treated at the same 
time. Manpower and chamber availability should also be 
considered.

Unlike one study that reported significant correlation 
between onset-to-HBOT time and visual outcome,22 no such 
correlation was identified in our case series. This was likely 
due to the inclusion of patients with shorter onset-to-HBOT 
time only and the small sample size. Blood flow is usually 
re-established via recanalization. However, if ischemia and 
hypoxia result in cell death and necrosis in the inner layers 
of the retina, vision may not return when blood flow is  
re-established.23 There is a threshold of time beyond which 
ischemic tissue can no longer recover from a hypoxic event, 
even if reperfusion occurs.14 The retina can only survive 90 to 
100 minutes of ischemia prior to permanent damage.24,25 Visual 
recovery beyond this timeframe has been reported, potentially 
owing to incomplete occlusion, an intact cilioretinal artery, or 
collateral flow. In CRAO, some residual retinal blood flow 
has been detected by fundal fluorescein angiography.26,27 
The shorter the treatment delay, the higher the likelihood of 
recovering the ischemic retina.14,27,28 It is important to start 
the treatment early enough before permanent damage occurs 
and continue HBOT long enough until natural recanalization 
occurs. Patients treated within 12 hours of symptom onset 
achieve greatest improvement in VA.22 We aimed to perform 
HBOT within 12 hours for those with the onset-to-door time 
of <6 hours.

HBOT is generally safe and well tolerated. Most of its 
adverse effects are mild and reversible. Middle ear trauma 
is the most common adverse effect, with an incidence of 
around 2%.29 It can be prevented by teaching the patients 
autoinflation techniques or by placement of tympanostomy 
tubes. In our case series, only one patient developed suspected 
hemotypanum. Other reported complications of HBOT 
include sinus barotrauma,29 seizure secondary to toxicity 
to the central nervous system,30,31 pulmonary barotrauma, 
pulmonary oxygen toxicity,32 claustrophobia, and chamber 
fire.33 Reported ocular adverse effects include visual field 
narrowing and eyelid twitching. Alteration in refraction 
secondary to HBOT remains controversial.29,34-36 Therefore, 
it is advisable to postpone all keratorefractive surgeries until 
after HBOT. Increased nuclear cataract formation secondary 
to oxidative stress in lens protein has been reported,36 as 
has a case of early onset of neovascularization.37 It was 
hypothesized that ischemic phase was prolonged by the 
improvement in the retinal oxygen saturation, thus enhancing 
vascular endothelial growth factor release and potentially 
worsening choroidal neovascularization.

CRAO has significant systemic implications. It increases 
the risk of stroke and acute myocardial infarction, with an 
incidence of 44.51% within 7 days and 14% within 30 days.3 
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CRAO also reduces life expectancy; the life expectancy 
was 15.4 years in patients with no CRAO and 5.5 years in 
patients with CRAO. In a Korean study, only one-third of 
ophthalmologists transferred patients with CRAO to the 
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being a thromboembolic vascular event in most cases, 
CRAO is usually not handled in the same manner as a 
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Limitations of our case series are the small sample size and 
relatively short follow-up. Studies with a larger sample size 
and longer follow-up are warranted to determine the efficacy 
and safety of HBOT for CRAO.

Conclusion

HBOT for CRAO shows promising visual outcomes. It is 
important to be aware of the systemic complication of CRAO 

and provide timely systemic cardiovascular examination for 
CRAO patients.
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