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Abstract
Objectives To compare the visual outcome of patients treated for non-arthritic central retinal artery occlusion (CRAO) in a
medical centre that uses hyperbaric oxygen therapy (HBOT) as part of the standard of care (SOC) to medical centres that
does not.
Methods The study included data from two tertiary medical centres. The medical records of all patients diagnosed with non-
arthritic CRAO without a patent cilioretinal artery between January 2010 and December 2018 in two tertiary medical centres
were reviewed.
Results One hundred and twenty-one patients were treated by HBOT and 23 patients received only SOC. In the HBOT
group, best-corrected visual acuity (BCVA) improved from 2.89 ± 0.98 logMAR at presentation to 2.15 ± 1.07 logMAR
upon the end of HBOT (P < 0.001), while the SOC group had no significant improvement, from 3.04 ± 0.82 logMAR at
presentation to 2.80 ± 1.50 logMAR (P= 0.24). With adjustment for age, gender, and the duration of symptoms, final
BCVA in the HBOT group was significantly better compared to the control group (P= 0.023). Rates of patients achieving
vision of 20/200 or better were similar between groups (17.4% vs. 19.8%, P= 0.523).
Conclusion Utilizing HBOT as part of the SOC for CRAO improves the final visual outcome. HBOT is safe and can be
implemented, if available, as part of SOC in all tertiary medical centres.

Introduction

The central retinal artery is responsible for the blood supply
to the inner two-thirds of the retina. Being a functional end
artery, an occlusion or obstruction of this vessel leads to a
sudden, painless visual loss. The incidence of central retinal
artery occlusion (CRAO) is ~1–2 in 100,000 [1].

According to a consensus statement published by The
American Heart Association [2] central nervous system

infarction (stroke) is defined as ‘brain, spinal cord or retinal
cell death attributable to ischaemia, based on neuro-patho-
logical, neuroimaging and/or clinical evidence of permanent
injury’. Moreover, acute cerebral infractions were found in
27–76.4% of CRAO patients with magnetic resonance
imaging with diffusion-weighted imaging [3]. Therefore,
CRAO is a stroke equivalent and represents an ophthal-
mologic and medical emergency.

A variety of measures have been used in an attempt to
treat CRAO. These include lowering IOP using anterior
chamber paracentesis, or pressure-lowering medication to
promote dislodging of the embolus downstream [4]. Vaso-
dilatation of the retinal vessels using sublingual isosorbide
dinitrate and carbon dioxide or carbogen inhalation [5].
Recently intra-arterial fibrinolysis (LIF), surgical embo-
lectomy or neodymium:yttrium–aluminium–garnet laser
embolysis were described [6–8]. Convincing evidence
demonstrating the efficacy of any particular intervention has
yet to be found.
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Hyperbaric oxygen therapy (HBOT) includes the inha-
lation of 100% oxygen at pressures exceeding 1 atmosphere
absolute (ATA) used to enhance the amount of oxygen
dissolved in the body tissues. During HBOT treatment, the
arterial O2 tension typically exceeds 1700 mmHg and the
dissolved oxygen in the blood can be increased from 0.3 to
6 vol% [9]. The proposed role for hyperbaric oxygen in
CRAO is to increase the oxygen delivery to the ischaemic
tissue until spontaneous or assisted reperfusion occurs.

Several case series in which HBOT has been used in
CRAO have been reported [10–16]. Their authors suggested
that hyperbaric oxygen treatment shows beneficial effects
on visual acuity (VA) while entailing a relatively low-risk
profile, with the strongest evidence when administrated
within the first 8–12 h from the onset of the visual loss.
Most of these reports were case series with relatively small
sample size.

The purpose of our study is to report the visual outcomes
of patients treated with hyperbaric oxygen for non-arteritic
CRAO and compare their outcomes to patients treated by
the standard of care (SOC).

Materials and methods

The study included data from two tertiary medical centres in
Israel, Shamir Medical Center that has the Sagol Center for
hyperbaric medicine and Soroka Medical Center that does
not have a hyperbaric facility. The data were collected
retrospectively from January 2010 to December 2018.
Shamir Medical Center and Soroka Medical Center Insti-
tutional Review Boards approval was obtained for retro-
spective analysis of all cases used in this study, as well as
waived patient consent.

The data collected retrospectively included age, sex,
systemic risk factors, chronic medications, the time between
the onset of symptoms to treatment, funduscopic findings,
best-corrected visual acuity (BCVA) at presentation, at the
end of HBOT or at discharge from the hospital and at the
last recorded follow-up visit, intraocular pressure (IOP) at
presentation and adverse events.

Patients were included if they were older than 18 years
and had complete or subtotal non-arteritic CRAO with
symptoms lasting for <24 h. Patients with a patent cilior-
etinal artery were excluded from the study as were those
with arteritic CRAO. Further exclusion criteria were
absence of documented BCVA, iatrogenic CRAO and
branch retinal artery occlusion.

All patients underwent a complete ocular examination
upon presentation including a Snellen BCVA by a
certified ophthalmologist, applanation tonometry, pupillary
response, slit-lamp exam and dilated fundus examination. A
complete ocular examination was repeated at the end of

HBOT or before discharge from the hospital and on each
follow-up visit.

The diagnosis of CRAO was made clinically based on
the classic presentation of acute, painless onset of visual
loss, relative afferent pupillary defect and fundus exam-
ination showing opaque and oedematous retina in the pos-
terior pole. Fluorescine angiography (Topcon 50EX
camera; excitation wavelength between 465 and 490 nm,
emission of 520–530 nm; OIS WinStation 5000TM soft-
ware [Ophthalmic Imaging Systems, Sacramento, CA]) was
used to confirm the diagnosis in cases that a cherry-red spot
was not evident.

Hyperbaric oxygen protocol

The HBOT protocol included three sessions within 24 h (8 h
apart), while the first session was at 2.4 ATA and the rest of
the sessions at 2 ATA of 100% oxygen for 90-min sessions,
with 5 min air breaks every 20 min. Snellen BCVA was
recorded by a certified ophthalmologist after each treatment
session. After three sessions, HBOT continued once daily
until no further improvement in BCVA was observed in two
consecutive treatments. All HBOT sessions were performed
in a multiplace hyperbaric chamber (Starmed 2700, HAUX-
Life Support-GmbH, Germany) the Sagol Center for
hyperbaric medicine and research.

Additional treatments

All patients underwent a neurological assessment that
included neuroimaging according to a certified neurologist
decision.

All patients, in both medical centres, were treated with
the SOC treatment that included: ocular massage, anterior
chamber paracentesis, oral aspirin, oral acetazolamide or
topical beta-blocker according to a certified ophthalmolo-
gist’s decision.

Statistical analysis

The baseline and outcome variables were compared,
between the two groups, with the use of Student’s t test, the
chi-square test, and the Mann–Whitney U test, as appro-
priate. Normal distribution was evaluated with Q–Q plot,
Shapiro–Wilk test and Histogram chart with a normal dis-
tribution curve. For the multivariable analysis, we used
logistic regression that was used with the likelihood ratio
test to choose which confounders to retain in the model.
Results were considered as significant if the P value was
below 0.05.

All analyses were performed using IBM SPSS Statistics
for Windows version 24.0 (IBM Corp., Armonk,
NY, USA).
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Results

One hundred and thirty-four patients were included in the
study. From them, 121 patients were treated with HBOT in
addition to the acceptable SOC (HBOT group) and 23
patients were treated only with the SOC treatment with no
HBOT (control group). All cases included had a complete
or subtotal non-arteritic CRAO without a patent cilioretinal
artery. The baseline characteristics of both groups are
summarized in Table 1. There was no significant difference
between the groups as to any of the following parameters:
systemic vascular risk factors, presenting BCVA, intrao-
cular pressure at presentation, presence of a cherry-red spot
or diabetic retinopathy. The HBOT group was significantly
older than the control group (69 ± 12 vs. 60 ± 3 years, P=
0.002) and had a significantly shorter duration of symptoms
(9.1 ± 5 vs. 19 ± 18 h, P= 0.003).

The HBOT group received a median of 4 hyperbaric
oxygen treatments (range 2–8). The mean follow-up time
was 12.9 ± 34 months for the treatment group and 51.5 ±
57 months for the control group.

Figure 1 summarizes the VA outcomes of the HBOT and
control groups. In the HBOT group, BCVA improved from
2.89 ± 0.98 logMAR at presentation to 2.15 ± 1.07 logMAR
upon the end of hyperbaric oxygen treatment (P < 0.001).
This improvement remained statistically significant upon

the last follow-up (P < 0.001). In the control group, BCVA
changed from 3.04 ± 0.82 logMAR at presentation to
2.80 ± 1.50 logMAR upon the last follow-up, this change
was not found to be statistically significant (P= 0.24). With
adjustment for age, gender and the duration of symptoms,
final BCVA was significantly better in the HBOT group
compared to the control group 2.27 ± 1.25 logMAR and
2.80 ± 1.50 logMAR respectively (P= 0.023).

Seventeen percent of patients in the control group and
20% of patients in the HBOT group had achieved BCVA of
20/200 or better (P= 0.523). The distribution of the final
BCVA of the HBOT and control groups is illustrated in
Fig. 2.

Within the HBOT group, the mean time between the
onset of symptoms and the first hyperbaric oxygen treat-
ment was 9.1 ± 5 h. No correlation was found between the
time to the first hyperbaric oxygen treatment and BCVA at
the end of treatment (P= 0.32). The mean final BCVA of
patients that underwent the first hyperbaric oxygen treat-
ment within 6 h from the onset of symptoms was 2.44 ±
1.14 loMAR while the mean final BCVA of the patient who

Table 1 Baseline characteristics of patients with non-arteritic central
retinal artery occlusion at presentation.

HBOT group
(n= 121)

Control
group
(n= 23)

P value

Gender distribution (M/F) 81/40 17/6 0.511

Age (yrs) 69 ± 12 60 ± 3 0.002

Medical background

Hypertension 83 (68.6%) 18 (78.3%) 0.356

Diabetes 26 (21.5%) 5 (21.7%) 0.959

Hyperlipidemia 45 (37.2%) 9 (39.1%) 0.905

Anticoagulation use 47 (38.8%) 5 (21.7%) 0.094

Clinical characteristics at presentation

Baseline BCVA (logMAR) 2.89 ± 0.98 3.04 ± 0.82 0.49

Duration of symptoms (h) 9.1 ± 5 19 ± 18 0.003

Baseline intraocular
pressure (mmHg)

13 ± 3 14 ± 2 0.412

Presence of a cherry-
red spot

84 (69.4%) 18 (78.2%) 0.304

Presence of diabetic
retinopathy

7 (5.8%) 3 (13%) 0.203

Categorical variables are presented in numbers and (%). Continuous
variables are presented as mean ± standard deviation.

HBOT hyperbaric oxygen treatment, M male, F female, BCVA best-
corrected visual acuity, logMAR logarithm of the minimal angle of
resolution, SD standard deviation.

Fig. 1 Comparison of best-corrected visual acuity (BCVA) within
groups of patients with non-arteritic central retinal artery occlu-
sion who received hyperbaric oxygen treatment (HBOT group)
and no treatment (control group) at presentation and last follow-
up visit. Box=mean BCVA in logMAR; whiskers= standard
deviation.

Fig. 2 Distribution of best-corrected visual acuity (BCVA) within
the two groups. Comparison of best-corrected visual acuity (BCVA)
distribution between patients with non-arteritic central retinal artery
occlusion who received hyperbaric oxygen treatment (HBOT group) and
no treatment (control group) at the last follow-up visit. Box= percen-
tage of eye with the denoted visual acuity at the last follow-up visit.
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underwent the first treatment between 6 and 24 h was 2.18
± 1.31 logMAR (P= 0.30).

No association was found between clinical characteristics
at presentation and the final BCVA of the HBOT group.
There was no significant correlation between the presence
of a cherry-red spot at presentation or diabetic retinopathy
with the final VA (P= 0.45, P= 0.23, respectively).

Three patients (0.02%) had stopped hyperbaric oxygen
treatment prematurely. Two patients due to ear barotrauma
and one due to an episode of seizures and epistaxis during
treatment.

Discussion

Spontaneous improvement of VA has been reported in up to
37% of patients with CRAO [17]. In the EAGLE study [6],
a prospective randomized multicentre clinical trial to com-
pare treatment outcome after conservative standard treat-
ment and LIF for acute non-arteritic CRAO, the BCVA of
the conservative standard treatment group was improved by
0.443 logMAR within 1 month. Thus, presenting
improvement in VA might not indicate the potency of a
treatment for these patients and might merely reflect the
natural history of the disease. For this reason, in this study,
the visual outcome of CRAO was compared between two
tertiary medical centres: one that uses HBOT as part of its
SOC and the other that does not.

Beiran et al. [13] had retrospectively compared the out-
comes of 30 patients treated with HBOT with the outcomes
of 35 matched retinal artery occlusion patients form a dif-
ferent medical centre that were not treated with HBOT.
They found a significantly better final BCVA in the treat-
ment group (0.29 vs. 0.13 logMAR). However, this series
included all retinal artery occlusion categories including
branch occlusion, patent cilioretinal artery and arteritic
CRAO, whereas our report includes only complete or sub-
total non-arthritic CRAO without a patent cilioretinal artery.

We found in our series a significant improvement of VA
(0.53 logMAR) in patients treated with HBOT for CRAO.
This improvement is consistent with previous studies.
Menzel-Severing et al. [10] found a 0.2-logMAR
improvement in 51 patients treated with a combination of
HBOT and haemodilution. Hadanny et al. [11] found a
0.526-logMAR improvement in 120 patients treated
for CRAO.

A mean VA improvement between presentation and last
follow-up visit of 0.15 logMAR was not found to be sta-
tistically significant in the control group (that was not
treated with HBOT). With adjustment for age, gender and
the duration of symptoms, final BCVA of the HBOT group
was significantly better compared to the control group (2.27
± 1.25 vs. 2.80 ± 1.50, P= 0.023). These results indicate

that VA improvement found in patients treated with HBOT
is attributed to more than just the natural history of the
disease.

The time window for an effective hyperbaric oxygen
treatment is extremely important in light of the guidelines
published by the American Academy of Ophthalmology in
2018 [3], which recommended that every CRAO patient
should undergo neuroimaging within 24 h of symptoms
onset. Previous reports have suggested that the time of the
first HBOT and the lack of the presence of a cherry-red spot
are indicators for a better visual outcome with HBOT [11].
Hadanny et al. reported a linear correlation between the
presence of a cherry-red spot and final BCVA, in their
series, the presence of a cherry-red spot decreased the gain
in logMAR by 0.787. Also, in that series time delay from
symptoms to treatment had a significant effect on the final
BCVA (0.03 logMAR for each hour of delay). This corre-
lation is supported by a report by Hayreh et al. [18] who
studied the effects of central retina artery clamping on
rhesus monkey’s retinal survival time and found massive
irreversible damage after 4 h of clumping.

In our series, we did not find such a correlation between
the time of the first hyperbaric oxygen treatment or the
presence of a cherry-red spot and final visual outcome. This
might be due to the fact that all patients commenced HBOT
more than 4 h after the onset of symptoms. However, even
within the 24 h included in this series, patients gained sig-
nificant visual improvement with HBOT, perhaps CRAO
in vivo is not as complete as central retinal artery clumping.

The limitations of this study are inherent to a retro-
spective study. First, patients in the HBOT group were
significantly older compared to the patients in the control
group (mean age 69 and 60, respectively). Also, the dura-
tion of symptoms was shorter in the HBOT group (9.1 vs.
19 h), perhaps the 24-h treatment window for HBOT set at
our medical centre resulted in shorter referral times. The
aim of the control group was to merely represent the natural
history of VA changes with conservative treatment and thus
the difference in the duration of symptoms at the pre-
sentation is less relevant. Moreover, after adjustment for
both age and duration of symptoms, final BCVA was sig-
nificantly better in the HBOT group.

Lens status and refractive errors of the patients were not
recorded in this series and thus might differ between the
groups. However, our analysis was based on VA changes
within the groups and given that the VA did not differ
significantly at baseline (P= 0.49) this is unlikely to affect
the results.

In conclusion, it seems that HBOT for non-arteritic
CRAO has superior visual outcomes compared to conven-
tional treatment. Given that proportion of patients gaining
functional vision was similar to the control group, the
clinical and quality of life effects of such improvement and

1264 A. Rozenberg et al.



perhaps the cost-effectiveness of this treatment needs to be
confirmed with further research.

Summary

What was known before

● The aim of hyperbaric oxygen treatment in CRAO is to
increase the oxygen delivery to the ischaemic tissue
until spontaneous or assisted reperfusion occurs.

What this study adds

● Hyperbaric oxygen treatment for non-arteritic CRAO
has superior visual outcomes compared to conventional
treatment.

● The clinical and quality of life impacts of such
improvement needs to be confirmed with further
research.
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