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Résumé 
 

Introduction  
Les occlusions artérielles rétiniennes (OAR) sont rares mais de mauvais pronostic visuel. De 

nombreux traitements été étudiés sans succès. A ce jour, il n’existe aucun consensus sur la 

prise en charge optimale de cette pathologie. Depuis plus d’un demi-siècle, plusieurs études 

ont montré l’efficacité de l’oxygénothérapie hyperbare (OH) dans les OAR. L’OH permettrait 

une oxygénation de la rétine via la choroïde (réservoir immédiat) et le vitré (réservoir différé). 

À ce jour, il n’existe aucun consensus concernant le nombre et la durée exacte de séances 

d’OH. L’objectif de notre étude était d’évaluer l’efficacité et la sécurité d’un protocole 

standardisé d’OH dont la durée était monitorée par angiographie à la fluorescéine (AF) chez 

des patients présentant une OAR. 

 
Matériel et méthodes 
Nous avons conduit une étude prospective, unicentrique, non comparative entre juillet 2016 et 

mars 2021. Tous les patients présentant une OAR datant de moins de 7 jours bénéficiaient 

d’un examen ophtalmologique complet, une AF, une tomographie par cohérence optique 

(OCT), une OCT-Angiographie (OCT-A) suivi de deux séances quotidiennes (2,5 ATA, 90min) 

d’OH jusqu’à revascularisation artérielle évaluée sur l’AF. Ces examens étaient répétés à J14, 

J21 et J30. Le critère de jugement principal était l’amélioration de l’acuité visuelle définie 

comme une diminution ≥0.3 logMar à J30. L’objectif secondaire était de déterminer si l’OCT-

A pouvait se substituer à l’AF pour le diagnostic positif d’OAR ou pour sa revascularisation.  

 
Résultats 
Trente et un patients ont été inclus. Une moyenne de 34 (13-56) séances d’OH ont été 

réalisées. Une revascularisation artérielle était retrouvée chez 48,4% et 87,1% des patients à 

J14 et J21 respectivement. La meilleure acuité visuelle corrigée à l’inclusion et à un mois était 

respectivement de 1,51 logMAR et 1,10 logMAR. Une amélioration ≥ 0,3 logMar était 

constatée chez 48,4% des patients. Six (19,4%) patients ont présenté un barotraumatisme 

mineur sans nécessité d’interrompre les séances d’OH. En analyse univariée, la prise d’anti-

agrégant plaquettaires (p=0,044) et les patients consultant avec une acuité visuelle initiale plus 

faible (p=0,008) avaient statistiquement une meilleure récupération visuelle à un mois. Seize 

patients (51,6%) n’ont pas pu être analysés en OCT-A en raison d’importants artéfacts. À J1, 

l’ensemble des patients présentaient sur cet examen une persistance des troncs artériels. 

Malgré une revascularisation totale en AF à J21 dans 87,1% des cas, on retrouvait des déficits 

vasculaires en OCT-A chez 70% des patients. 
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Conclusion 
L’OH, monitorée par l’AF jusqu’à obtention de la revascularisation spontanée de l’artère 

rétinienne est un traitement efficace et sûr. Environ la moitié des patients ont présenté une 

amélioration significative de leur acuité visuelle, ce qui est supérieur à l’évolution spontanée 

des OAR. L’OCT-A manque de sensibilité pour porter le diagnostic positif d’OAR et pour 

étudier sa revascularisation. L’AF reste l’examen de choix dans cette indication. D’autres 

études sont nécessaires pour confirmer nos résultats préliminaires.  
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INTRODUCTION  
 
Retinal artery occlusion (RAO) is a rare but extremely severe ophthalmic disease 

characterized by sudden, unilateral, painless visual and/or visual field loss.1 The Best-

corrected visual acuity (BCVA) is often dramatically decreased. The incidence of RAO ranges 

between 1 and 2 per 100,000 inhabitants.2  

Depending on the blockade location, RAO is called central retinal artery occlusion (CRAO), 

branch retinal artery occlusion (BRAO) or cilioretinal artery occlusion.3 In about 25% of cases, 

a cilioretinal artery arises from the ciliary arteries and allows vascularization of part of the 

macula.1,4 The underlying etiologies of RAO include thrombosis, embolism and arteritis.  

Although revascularization usually occurs spontaneously a few weeks after RAO, the visual 

prognosis is poor which is explained by the terminal and non-anastomotic retinal vasculature.3 

Many treatments have been used such as carbogen inhalation, ocular massage, hypotensive 

eyedrops5,6, oral and intravenous acetazolamide5, systemic steroids, antiplatelets7, 

neodymium:yttrium-aluminium-garnet (Nd-YAG) laser8, intra-arterial or intravenous 

fibrinolysis5,9, anterior chamber paracentesis10 or pars plana vitrectomy with removal of the 

embolus. However, none of these treatments has been shown to be both effective and safe 

and there is currently no standard of care for treating RAO. 

Since 1965, several studies have assessed hyperbaric oxygen therapy (HBOT) for the 

treatment of RAO.11 HBOT aims to improve oxygen transport and diffusion. HBOT increases 

plasma oxygen concentrations and induces an up to 23-fold increase in the amount of oxygen 

dissolved in the plasma.12 Moreover, HBOT is associated with increased hydrostatic pressure 

and enhanced red blood cell deformity. Under normoxic conditions, about 15% of the oxygen 

supply to the retina come from the choroidal circulation that supplies the outer retinal layers.12 

Taken together, these data indicate that HBOT may allow oxygen diffusion into the inner retinal 

layers through the choroidal vessels and the vitreous body. Several studies have reported 

favorable outcomes with HBOT (i.e. an improvement compared to the natural course of RAO) 

without major adverse events (AEs).6,13–17 However, these studies have several limitations 

such as a small sample size, a lack of standardized HBOT protocol, a subjective main outcome 

measure, and several other confounding factors. To date, there is no consensus on the 

duration of HBOT and the ideal number of daily sessions.18 Based on the underlying 

pathophysiology of RAO and mechanisms of HBOT, we hypothesized that HBOT could allow 

indirect oxygenation of the inner layers of the ischemic retina through the choroid and the 

vitreous body until spontaneous revascularization takes place. Fluorescein angiography (FA) 

remains the gold standard to assess RAO and subsequent revascularization.1 Recently,  non-

invasive optical coherence tomography-angiography (OCT-A) has gained interest and several 

small studies have investigated its interest in RAO.19   
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The primary aim of this study was to investigate the efficacy of a standardized HBOT protocol 

monitored by repeated FA for treating RAO. The secondary aims were to determine the related 

prognosis factors, the safety of the HBOT protocol, and whether non-invasive OCT-A could be 

an alternative to FA to assess RAO and revascularization. 
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MATERIAL AND METHODS 

Study design  

A prospective monocentric study was conducted in Nice University Hospital between July 2016 

and March 2021. All the patients referred to our ophthalmologic emergency department for 

RAO were screened. The diagnosis of RAO was made by an ophthalmologist based on the 

clinical examination and FA findings. 

Ethics  

Our study was conducted in accordance with the Declaration of Helsinki and its further 

amendments. This study was approved by the French Society of Ophthalmology (IRB 

00008855, Société Française d’Ophtalmologie IRB#1). All patients gave their informed 

consent to participate in the study.  

Inclusion and exclusion criteria  

All patients with CRAO or BRAO for less than 7 days were included in the study. Parental 

consent was required for patients aged under 18. Patients with cilioretinal artery occlusion, 

CRAO with preserved cilioretinal artery or CRAO associated with vein occlusion were excluded 

from the study. Other exclusion criteria were: patients with a contraindication to HBOT (acute 

sinusitis, ear disease, pulmonary disorder such as recent pneumothorax or emphysema, 

claustrophobia), who did not receive at least 10 HBOT sessions, with concomitant cerebral 

stroke or significant internal carotid stenosis assessed by contrast-enhanced cervical and 

cerebral CT-scan (HBOT discontinuation), with fluorescein or iodine allergy, and with any 

history of RAO treatment (e.g. anterior chamber puncture, acetazolamide, laser treatment, 

thrombolysis). 

Study protocol  

The initial ophthalmological assessment included: best-corrected visual acuity (BCVA), 

intraocular pressure (IOP), slit-lamp examination, fundus examination, macular OCT 

(Spectralis, Heidelberg Engineering, Heidelberg, Germany), FA and OCT-A (AngioVue, 

Optovue Inc, California, USA). At the end of the ophthalmological assessment, the patients 

who met the inclusion criteria were immediately referred to the HBOT department. A complete 

clinical examination and an electrocardiogram were performed and a blood sample was taken 

to rule out any cardiac abnormality, artery etiology (e.g., Horton vasculitis) or any 

contraindication to HBOT. The patients underwent their first 90-minutes HBOT session at 2.5 
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absolute atmosphere (ATA) in a HAUX Comex hyperbaric chamber. After the session, patients 

were referred to the radiology department to undergo contrast-enhanced cervical and cerebral 

CT-scan to rule out any cerebral stroke or internal carotid dissection. In case of concomitant 

cerebral stroke or significant internal carotid stenosis, patients were withdrawn from the 

protocol and hospitalized in the neurovascular department. If contrast-enhanced CT-scan was 

unremarkable, the patients received two daily 90-minute HBOT sessions for 15 days in an 

outpatient basis. At Day 15, a new ophthalmological examination was performed, similar to 

that performed upon referral. Retinal revascularization was assessed by FA. In case of retinal 

reperfusion, HBOT was discontinued, and a final ophthalmological follow-up was scheduled at 

Day 30. Otherwise, HBOT was continued with two daily sessions and FA was repeated on Day 

21. In case of retinal ischemic areas seen on FA at Day 21, panretinal photocoagulation was 

performed. All patients were seen at Day 30 for the final ophthalmological examination. 

Data recorded  

The following data were recorded: past medical history (smoking status, diabetes, arterial 

hypertension, dyslipidemia, medications), BCVA, fundus examination, OCT, FA, OCT-A, 

etiology of RAO (based on the electrocardiogram, blood test and contrast-enhanced CT-scan), 

blood pressure measured before and during HBOT, concomitant cerebral stroke, time between 

the first symptoms and the first HBOT session (< or >12h), time between the referral to the 

HBOT department and the first session, the total number of HBOT sessions and HBOT-related 

AEs.   

In this study, high blood pressure was defined as a systolic blood pressure (SBP) ≥140 mmHg 

and/or a diastolic blood pressure ≥90 mmHg, measured in a sitting position, after at least 5 

minutes of rest. During HBOT sessions, anti-hypertensive drugs were administered if the SBP 

was greater than 160 mmHg. Dyslipidemia was defined according to the French Health 

Authority as LDL cholesterol levels ≥130 mg/dL (3.37 mmol/L), HDL levels <40 mg/dL (1.04 

mmol/L) or the use of lipid-lowering treatment. A significant carotid stenosis was defined, 

based on CT-scan, as a stenosis ≥50% and ≥70% in symptomatic (e.g., cerebral stroke or 

transient ischemic attack) and asymptomatic patients, respectively. 

The BCVA was converted into logMAR for statistical purposes.5,6 LogMAR visual acuity was 

defined according to the document issued by the Syndicat National des Ophtalmologistes 

Français (https://www.snof.org). 
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In this study, FA was considered the gold standard to assess retinal occlusion and subsequent 

revascularization. On FA, RAO was defined as an incomplete filling of retinal arterial vessels 

30 seconds after fluorescein injection.20 

OCT measurements included the central macular thickness (CMT) defined as the mean 

thickness of the central region with a diameter of 1,000 µm and the subfoveal choroidal 

thickness (SCT) assessed with the enhanced depth imaging mode (EDI-OCT) that was 

measured manually. On OCT-A, the vessel density (VD) of the superficial capillary plexus was 

also recorded and automatically segmented by the software between an inner boundary at 3 

µm beneath the internal limiting membrane and an outer boundary at 15 µm beneath the inner 

plexiform layer. No manual adjustment was performed. We choose to monitor the superficial 

capillary plexus based on the findings provided by Yu et al. 21 The VD was defined as the 

percentage of the sample area occupied by vessel lumens. VD was chosen because of its 

usefulness for detecting the progression of retinal diseases, its high reproducibility and 

repeatability.22 VD images were not analyzed in case of signal strength index less than 50 due 

to the poor quality of images. We also aimed to investigate whether OCT-A could be an 

alternative to FA for the diagnosis of RAO and the assessment of revascularization. For this 

purpose, we developed a subjective OCT-A scale shown in Figure 1 with the following stages: 

stage 1 corresponded to a normal aspect of the retinal vascularization (Figure 1a); stage 2 

corresponded to an altered retinal vascularization (decreased retinal perfusion) (Figure 1b); 

stage 3 corresponded to a complete absence of retinal vascularization. OCT-A images were 

classified into these 3 stages and were compared to the findings obtained by FA.  

 

Figure 1: OCT-A-based subjective staging 
a Stage 1: normal retinal vascularization 
b Stage 2: altered retinal vascularization  



 27 

Outcome measures  

The main outcome measure was a BCVA improvement, defined as a decrease ≥0.3 logMAR 

at one month.1,6,23 The secondary outcome measures were HBOT-related AEs and the 

sensitivity of OCT-A to assess retinal artery revascularization compared to FA.  

Statistics  

Descriptive statistics are presented as numbers and percentages for categorial variables and 

as means ± standard deviations (SD) for continuous variables. Analyzes were performed 

using Chi2 and Student’s t-tests to compare qualitative and quantitative data, respectively. 

SPSS software v.25 (IBM, Chicago, Illinois) was used and a p-value <0.05 was considered 

statistically significant.  
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RESULTS 

Among the 74 patients diagnosed with RAO over the study period, 31 patients with a mean 

age of 68.3 (15-93) years met the inclusion criteria and were included. Most excluded patients 

did not undergo a complete ophthalmological examination (FA, OCT-A) upon referral or during 

the follow-up. A female predominance (n=19, 61.3%) was noted. CRAO and BRAO were 

diagnosed in 19 (61.3%) and 12 (38.7%) patients, respectively. Patients’ baseline 

demographics are summarized in table 1. Anticoagulants and antiplatelets were taken by 4 

(12.9%) and 9 (29.0%) patients, respectively. The etiology of RAO was identified in 9 (29.0%) 

patients: embolic heart disease in 4 (12.9%) patients, carotid stenosis in 2 (6.5%) patients and 

iatrogenic occlusion following arterial embolization in 3 (9.7%) patients.  

Patients’ characteristics Number (%)  Mean (Range) 
Male 
Female 

12 (38.7) 
19 (61.3) 

 

Age (years)  68.3 (15-93) 
Smoking status 
Yes 
No 
NA 

 
5 (16.1) 
12 (38.7) 
14 (45.2) 

 

High blood pressure 
Yes 
No  

 
16 (51.6) 
15 (48.4) 

 

Dyslipidemia 
Yes 
No 

 
6 (19.4) 
25 (80.6) 

 

Diabetes 
Yes 
No 

 
1 (3.2) 
30 (96.8) 

 

Anticoagulants 
Yes 
No 

 
4 (12.9) 
27 (87.1) 

 

Antiplatelets 
Yes 
No 

 
9 (29.0) 
22 (71.0) 

 

Type of retinal occlusion 
CRAO 
BRAO 

 
19 (61.3) 
12 (38.7) 

 

Etiology of RAO 
Embolic heart disease 
Carotid stenosis 
Not determined 
Other 

 
4 (12.9) 
2 (6.4) 
22 (71.0) 
3 (9.7) 

 

 
 
Table 1: Patients’ baseline characteristics  
NA: Not Available; CRAO: Central Retinal Artery Occlusion; BRAO: Branch Retinal Artery 
Occlusion; RAO: Retinal Artery Occlusion 
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The BCVA results are presented in table 2. The mean BCVA upon referral was 1.51 (0-2.6) 

logMAR (or approximately 2/60 in Snellen chart). At the end of the HBOT protocol, the mean 

BCVA was 1.1 (0-2.6) logMAR (2/25 in Snellen chart). Fifteen (48.4%) patients achieved the 

main outcome measure defined as an improvement ≥0.3 logMAR. The subgroup analysis 

showed a better BCVA improvement in CRAO patients (52.6%) compared to BRAO patients 

(41.6%).  

 
 Number of 

patients 
Baseline BCVA 
(range) 

BCVA at one 
month (range) 

Number of 
patients (%) 
with BCVA 
improvement 
≥ 0.3 logMAR 

All patients  31 1.51 (0-2.6) 1.10 (0-2.6) 15 (48.4) 
CRAO patients  19 1.93 (0.4-2.6) 1.52 (0-2.6) 10 (52.6) 
BRAO patients  12 0.86 (0-2.6) 0.53 (0-2.3)  5 (41.6) 

 
 
Table 2: Results of the main outcome measure 
CRAO: Central Retinal Artery Occlusion; BRAO: Branch Retinal Artery Occlusion 

 

Secondary outcome measures are summarized in table 3. Retinal revascularization assessed 

by FA occurred in 48.4% of patients at Day 14 and in an additional 38.7% of patients at one 

month. Only four (12.9%) patients did not achieve retinal revascularization. These patients 

were all treated with panretinal photocoagulation. The time between the first ocular symptoms 

and the first HBOT session was <12 hours in 10 (32.3%) patients. Patients received a mean 

number of 33.9 (13 – 56) hyperbaric sessions. All patients received two daily HBOT sessions 

except 3 patients who only received one daily session between March 17 and April 20, 2020 

due to the COVID-19 lockdown. A SBP ≥160 mmHg was diagnosed during HBOT sessions in 

9 (29%) patients for which anti-hypertensive agents were required. Six (19.4%) patients 

experienced minor barotrauma for which HBOT discontinuation was not required.  

The mean CMT assessed on OCT upon referral was 342.8 (243-800) µm in the affected eye 

and was significantly reduced to 280.8 (225-508) µm at one month (p=0.009). The mean SCT 

was 228.0 (117–400) µm and 214.9 (103–357) µm upon referral and at one month, respectively 

(p=0.560). The mean SCT upon referral was 212.4 µm and 246.5 µm respectively in patients 

who achieved a BCVA improvement and in those who did not (p=0.620). No macular VD 

improvement was seen on OCT-A at one month (p=0.905).  
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 Number (%) Mean (range) 
BCVA improvement ≥0.1 logMAR 16 (51.6)  
Revascularization seen on ocular angiography  
Day 14 
Day 21 
No revascularization  

 
15 (48.4) 
27 (87.1) 
4 (12.9) 

 

Treatment initiated (anticoagulant or antiplatelet) 
Yes 
No  
NA 

 
7 (22.6) 
10 (32.3) 
14 (45.2) 

 

Concomitant stroke revealed on CT-scan 
Yes 
No 

 
0 (0) 
31 (100) 

 

Time between the ocular symptoms and the first 
HBOT session 
<12h 
>12h 

 
 
10 (32.3) 
21 (67.7) 

 

Time between the referral to the hyperbaric 
department and the first hyperbaric session 
<1h 
>1h 

 
 
28 (90.3) 
3 (9.7) 

 

HBOT-induced barotrauma 
Yes 
No  

 
6 (19.4) 
25 (80.6) 

 

Arterial hypertension during HBOT session  
Yes 
No 

 
9 (29.0) 
22 (71.0) 

 

Hyperbaric session regimen 
Once daily 
Twice daily 

 
3 (9.7) 
28 (90.3) 

 

OCT  
CMT at Day 0 
CMT at Day 30 
p value 

 
 

 
342.8 (243-800) 
280.8 (225-508) 
p = 0.009 

EDI-OCT 
SCT at Day 0 
SCT at Day 30 
p value 

  
228.0 (117-400) 
214.9 (103-357) 
p = 0.560 

OCT-Angiography 
VD at Day 0 
VD at Day 30 
p value 

  
40.5 (36.6-49.5) 
41.6 (36-48.1) 
p = 0.905 

  
 
 
Table 3: Results of the secondary outcome measures 
 
CMT: Central Macular Thickness; SCT: Subfoveal Choroidal Thickness; EDI: Enhanced 
Depth Imaging; VD: Vessel density 
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The univariate analyzes showed that patients treated with antiplatelets before RAO (p=0.044) 

and patients with a poor initial BCVA (p=0.008) were more likely to achieve the main outcome 

measure (Table 4).  

 
 
 
Table 4: Prognostic factors associated with the main outcome measure (BCVA decrease 
≥0.3 logMAR) for all patients (CRAO + BRAO) 
BCVA: Best-Corrected Visual Acuity; CMT: Central Macular Thickness; SCT: Subfoveal 
Choroidal Thickness; EDI: Enhanced Depth Imaging; VD: Vessel density 
 

 

 

 

 

Visual acuity decrease ≥0.3 logMAR  p value   
CRAO 0.551 
BRAO 0.551 
High Blood pressure 0.578 
Dyslipidemia 0.185 
Diabetes 0.548 
Anticoagulants upon referral  0.622 
Antiplatelets upon referral 0.044 
Etiology: 

Embolic heart disease 
Carotid stenosis 

 
0.576 
1.000 

High blood pressure upon referral to the hyperbaric department 0.693 
Hypertension during the first hyperbaric session 1.000 
First hyperbaric session <12h after onset of symptoms 1.000 
HBOT initiated during the first hour of arrival at the hyperbaric oxygen department 0.232 
Barotrauma 0.920 
Twice daily sessions 0.232 
Number of hyperbaric sessions 0.488 
Treatment initiated (antiplatelet or anticoagulant) 0.587 
BCVA upon referral  0.008 
Revascularization at day 14 1.000 
Revascularization at day 21 0.607 
CMT upon referral 0.798 
CMT at day 30 0.905 
SCT upon referral on EDI  0.598 
SCT at day 30 on EDI  0.931 
VD upon referral on OCT-A  0.560 
VD at day 30 on OCT-A 0.242 
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Seventeen (54.8%) patients were not assessed by OCT-A upon referral and during the follow-

up because of excessive blinking or motion artifacts. The comparison of retinal occlusion and 

revascularization assessed by FA and OCT-A is presented in Table 5. Upon referral, all 

patients showed a stage 2 aspect (partial vascularization) on OCT-A without any stage 3 

(absence of vascularization). Figure 2 shows the initial FA findings at 30 seconds and 2 

minutes and the corresponding OCT-A images. Here, OCT-A shows a normal filling of the 

main arterial trucks that is absent on FA. At one month, only 4 (28.6%) patients showed a 

stage 1 aspect on OCT-A (versus revascularization in 92.9% of patients on FA) and 10 (71.4%) 

patients showed a stage 2 aspect. Figure 3 shows the FA aspect at 1 month 30 seconds after 

fluorescein injection and the corresponding OCT-A findings. Here, FA is unremarkable 

whereas OCT-A highlights several capillary defects. Taken together, these data tended to 

indicate that the sensitivity of OCT-A was insufficient to assess arterial occlusion upon referral 

and the subsequent revascularization. However, OCT-A allowed better identifying capillary 

defects at one month compared to FA. The VD assessed on OCT-A was not significantly 

improved at one month (p=0.905) and it was not a reliable prognosis factor for BCVA 

improvement.  

 

 
 Upon referral 

(number, %) 
Day 30 
(number, %) 

Fluorescein angiography: Normal 
vascularization aspect (n=14) 
Yes 
No 

 
 
0 (0) 
14 (100) 

 
 
13 (92.9) 
1 (7.1) 

OCT-A (n=14) 
Stage 1 (normal vascularization) 
Stage 2 (partial vascularization) 
Stage 3 (no vascularization) 

 
0 (0) 
14 (100) 
0 (0) 

 
4 (28.6) 
10 (71.4) 
0 (0) 

 
 
Table 5: Comparison of the revascularization aspect seen on fluorescein angiography and 
OCT-A for assessing retinal artery permeabilization in patients who underwent both 
examinations.  
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Figure 2: Comparison of vascularization seen on fluorescein angiography (FA) and OCT-A 
upon referral  
a: FA at 30 seconds; b: FA at 2 minutes; c and d: corresponding OCT-A   
 
 
 
 
 
 

 
 
 
Figure 3: Comparison of revascularization seen on fluorescein angiography (FA) and OCT-A 
at one month  
a: FA at 30 seconds; b and c: corresponding OCT-A   
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DISCUSSION  

In this study, we investigated the efficacy and safety of a standardized HBOT protocol 

monitored by FA in patients with RAO. A BCVA improvement, defined as a gain ≥0.3 logMAR, 

was found in 48.4%, 52.6% and 41.6% of RAO, CRAO and BRAO patients, respectively. The 

use of antiplatelets and a poor initial BCVA were significantly associated with a gain ≥0.3 

logMAR. No serious AEs required HBOT discontinuation. 

Our results are in accordance with previous studies in which HBOT was used to treat 

RAO (Table 6).6,13,14,18 In their retrospective comparative study, Beiran et al. have found that 

82.9% of patients treated with HBOT achieved a BCVA improvement compared to 29.7% in 

the untreated group.13 Their results were better than ours and this could be explained by the 

inclusion of patients with RAO for <8 hours.13 Weinberger et al. have reported a visual 

improvement in 90.5% of patients but this result could be explained by a different and non-

widely recognized primary outcome measure (color vision and visual field).14 By contrast, only 

29% of patients achieved a visual improvement in the study by Elder et al. but they only 

received a mean number of 4 HBOT sessions.16 These results highlight the lack of consensus 

on the ideal HBOT protocol (total number of sessions, number of daily sessions). HBOT is 

thought to oxygenate the inner retinal layers through a passive diffusion from the underlying 

choroid and vitreous body.12,24,25 Based on this underlying pathophysiology, we decided to 

continue HBOT until revascularization of the central retinal artery. To the best of our 

knowledge, our study was the first to assess HBOT duration by assessing central retinal artery 

revascularization on FA. We chose to perform two daily sessions based on the 

recommendations provided by the European Consensus Conference on Hyperbaric 

Medicine.12 In our study, patients received a mean number of 34 sessions with hyperbaric 

sessions of 90 minutes at 2.5 ATA. We hypothesized that two daily sessions had the 

advantages to provide (i) an immediate oxygenation of the retina via the choroidal vasculature, 

and (ii) a progressive retinal oxygenation through the vitreous body that could be considered 

as an oxygen reservoir allowing a slow and progressive release of the accumulated 

oxygen.24,26 In their studies, Beiran et al. and Hadanny et al. have performed two daily 

hyperbaric sessions during the first 3 days and a daily session thereafter.6,13 To date, no study 

has shown the superiority of a protocol over another. HBOT is thought to promote arterial 

vasoconstriction that should be avoided in RAO. Therefore, we chose a protocol at 2.5 ATA 

that is known to reverse the vasoconstriction reflex as recommended by the European 

Consensus Conference on Hyperbaric Medicine based on Saltzman’s work.27 Moreover, 

Kawamura et al. have failed to find any arterial vasoconstriction of the hypoxemic tissues under 

highly oxygenated arterial conditions.28 We assumed that the high number of sessions and the 
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use of two daily sessions could explain why our results are similar to those of previous studies 

(Table 6) despite the inclusion of patients with symptoms for >12 hours (about two thirds of 

our patients).  

 No serious AEs occurred over the study period. Of the 31 patients included, 6 (19.4%) 

experienced minor barotrauma for which HBOT discontinuation was not required. This 

proportion is higher than previously reported (Table 6). Elder et al. and Hadanny et al. have 

reported barotrauma in 3.2% and 2.3% of patients, respectively.6,16 This result could be 

explained by the higher number of sessions received (34 sessions) in our study compared to 

other studies (Table 6). Three patients discontinued the HBOT protocol in the study by Elder 

et al. for claustrophobia, acute upper respiratory tract infection and middle ear barotrauma 

disorders,16 while in our study, no patient had to discontinue the HBOT protocol.   

 As shown in Table 6, comparing a study to another is challenging because there is no 

consensus on the definition of visual improvement, the inclusion criteria, the HBOT protocol, 

and the use of ancillary treatments in combination with HBOT such as hemodilution15, anterior 

chamber paracentesis or ocular massages. In our study, we chose to define a BCVA 

improvement as a decrease by ≥0.3 logMAR at one month as recommended by other 

authors.1,6,23  

Numerous treatments have been used to achieve early revascularization. In their meta-

analysis, Man et al. have reported a decrease by ≥0.2 logMAR in 79% of patients treated with 

transluminal Nd:YAG embolectomy.8 This proportion is higher than ours, and this could be 

explained by the use of a different success criterion (0.2 versus 0.3 logMAR). However, as 

stressed by Hayreh himself, only a BCVA change ≥0.3 logMAR may be considered clinically 

significant.1,3,29 Anterior chamber paracentesis has also been assessed by Fieb et al. and was 

associated with a BCVA improvement in 23.7% of cases, a proportion that is similar to the 

natural course of the disease.10 In 2010, Schumacher et al. have compared intra-arterial 

fibrinolysis (IAF) and conservative treatment (hemodilution, ocular massage, acetazolamide) 

in a multicentric randomized clinical trial.5 They have found an improvement by ≥0.3 logMAR 

in 57.1% of patients in the IAF group versus 60% in the conservative group. However, due to 

a significantly higher rate of AEs in the IAF group, the study was prematurely stopped after the 

first interim analysis. A large French multicentric randomized clinical trial comparing 

intravenous thrombolysis versus antiplatelets is ongoing and its results should be of interest.9  

 

 



 36 

 
Table 6: Summary of the main studies assessing HBOT for treating retinal artery occlusion 
Prosp: Prospective; Retrosp: Retrospective; Comp: Comparative; Observ: Observation; 
HBOT: hyperbaric oxygen therapy; HD: Hemodilution; CRAO: Central Retinal Artery 
Occlusion; BRAO: Branch Retinal Artery Occlusion; RAO: Retinal Artery Occlusion; VA: 
Visual Acuity; OR: Odds Ratio; NR: Not Reported 

Study, year Current 
study, 2021 

Beiran et 
al, 2001 

Weinberger et 
al, 2002 

Menzel-
Severin et 
al, 2012 

Hadanny et 
al, 2016 

Elder et al, 
2017 

Wu et al, 
2018 

Study design   
 

Prosp.  
Non-Comp. 

Retrosp. 
Comp. 

Prosp.  
Non-Comp. 

Retrosp. 
Comp. 

Restrosp.  
Non-Comp. 

Restrosp.  
Non-Comp. 

Meta 
Analysis 

Treatment HBOT HBOT vs. 
Observ. 
 

HBOT + HD HBOT + 
HD vs. HD  

HBOT HBOT HBOT 

No. of 
patients 
 

31 72 21 80 128 31 251 

Inclusion 
criteria 

CRAO + 
BRAO for <7 
days 

CRAO + 
BRAO for 
<8h 

CRAO for 
<12h 

CRAO for 
<12h with  
BCVA <+1 
logMAR 
 

CRAO for 
<20h with 
BCVA <0.5 
logMAR 

CRAO + BRAO CRAO + 
BRAO 

Mean age 
(years) 
 

68.3 69.5 vs 
56  

NR 69 vs 74  66.4 70 NR 

Mean initial 
BCVA 
(LogMAR) 
 

+1.51 +1 vs. 
+1.1  
 

+2.3 to +1.1 
 

+1.8 vs 
+1.7  

+2.14 +2.3 to +0.2 NR 

Mean final 
BCVA 
(logMAR) 
 

+1.1 +0.5 vs. 
+0.9 

NR +1.5 vs 
+1.6  

+1.62 +2.6 to -0.1 NR 

Success 
criteria 
 
 

Improv. ³0.3 
logMAR 

Improv. 
³3 
Snellen 
lines 
 

Subjective 
visual improv. 

Improv. ³3 
Snellen 
lines 

Improv. ³0.3 
logMAR 

NR NR 

Visual improv. 
according to 
the success 
criterion (%) 
 

48.4  
 

82.9 
vs.29.7 
p=0.000 

90.5 38.8 vs. 
17.9 
p=0.06 

67.2 29 10 to 90 
OR 5.61 
(3.6 – 
8.73) 

Good 
prognosis 
factors 
 

Antiplatelets 
upon referral 

High 
blood 
pressure 

NR Aspirin No cherry 
red spot 

Time to 
treatment 

Duration 
of HBOT 

Mean No. of 
HBOT  
sessions 
 

34 NR NR 5 4 4 NR 

HBOT-related 
adverse 
events (%) 

Barotrauma 
(19.4) 
Hypertension 
during the 
session (29.0) 

NR NR None Barotrauma 
(2.3)        
Otalgia (1.5) 
Epistaxis 
(0.7) 
Dyspnea 
(0.7) 

Claustrophobia, 
Barotrauma, 
Acute upper 
respiratory tract 
infection 

NR 
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Before considering HBOT as an effective treatment for RAO, it is essential to compare 

our results with the natural course of the disease. Our study was not comparative (we did not 

compare HBOT to the natural evolution of the disease without any treatment) because (i) RAO 

is rare (1-2 cases per month), (ii) the natural evolution of RAO is well known and has been 

widely reported in large studies, (iii) there is no standard of care for treating RAO, and (iv) the 

current literature reports favorable efficacy and safety profiles of HBOT. In 2005, Hayreh et al. 

have extensively described the natural course of RAOs.3 When considering the four CRAO 

subtypes (non-arteritic, transient non-arteritic, arteritic and non-arteric with cilioretinal artery) 

seen during the 7 days of the onset of symptoms with a visual acuity <20/40, a BCVA 

improvement (≥0.3 logMAR) was achieved by 38 out of 99 patients (38.4%). In our study, 26 

patients had a visual acuity <20/40 and 57.7% of them achieved a BCVA improvement ≥0.3 

logMAR. When considering only non-arteritic CRAO patients seen during the 7 days of the 

onset of symptoms and with a visual acuity of counting fingers or worse, Hayreh et al. have 

reported a BCVA improvement in 22% of patients. Using the same inclusion criteria, 58.8% of 

our patients achieved a BCVA improvement (Table 7). Beiran et al. have confirmed these 

results in their study with a BCVA improvement achieved by 82.9% and 29.7% of patients 

treated with HBOT and observation alone, respectively.13 However, their study had a 

retrospective design and despite favourable outcomes reported in a recent meta-analysis18, 

there is currently no ongoing prospective randomized study comparing HBOT and observation 

alone.30  

Study Study 
design   

No. of 
patients 

Treatment  BCVA 
upon 
referral 
(logMAR) 

Final VA 
(logMAR)  

 % of patients 
with BCVA 
improvement 
≥0.3 logMAR 

Hayreh 
and al, 
2005 
 

Prosp. 
Non-
Comp. 

58 Observation ≤+1.7 NA  22 

Current 
study 

Prosp.  
Non-
Comp. 

17 HBOT +2.1 
(mean) 

+1.6 
(mean)   

 58.8 

 
 
 
Table 7: Comparison of the study by Hayreh et al. and our study in terms of CRAO patients 
with a visual acuity of counting fingers or worse. 
 
HBOT: hyperbaric oxygen therapy; CRAO: Central Retinal Artery Occlusion; Prosp: 
Prospective; Comp: Comparative; NA: Not Applicable 
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In our study, we found an association between the use of antiplatelets upon referral 

and a better visual improvement (p=0.044). Although not recognized as a standard of care for 

CRAO, antiplatelets are widely prescribed for the secondary prevention of cardiovascular 

events. Here, we hypothesized that the use of antiplatelets could be associated with a smaller 

thrombus size, thus allowing better residual arterial flow and hyperbaric oxygenation of the 

inner retinal layers. Surprisingly, the time between the onset of the first symptoms and HBOT 

initiation was not associated with a BCVA improvement (p=1.000) (Table 4), unlike the results 

reported by Elder et al. and Ilbasmis et al..16,17  Previous animal studies have found that retinal 

damage occurred as early as 97 minutes after retinal occlusion.31 No human data are currently 

available. We hypothesized that, as with ischemic cerebral strokes, several ischemic retinal 

cells could be in a state of hypoxic penumbra and stimulated by late treatments such as HBOT. 

This explains why patients with RAO for 7 days were included in our study. The SCT measured 

on EDI-OCT was not associated with a better visual prognosis. We initially hypothesized that 

a greater SCT could be a favorable prognosis factor by enhancing oxygen diffusion through 

the choroidal vasculature. 

In this study, we also aimed to investigate whether OCT-A could be an alternative to 

FA to assess retinal occlusion and subsequent revascularization. Based on FA findings, 

spontaneous revascularization occured in 48.4% and 87.1% of patients at Day 14 and Day 21, 

respectively. This result is in accordance with previous studies.12 Although all OCT-A 

examinations performed in our study upon referral revealed a reduced superficial capillary 

plexus vascularization, OCT-A was not sensitive enough to make the diagnosis of RAO. As 

shown in Figure 2, a persistent retinal blood flow in the main arterial trucks was suspected on 

OCT-A despite the absence of arterial filling on early and late (2 minutes) FA. This finding 

suggests that FA remains the gold standard for making the diagnosis of retinal occlusion and 

assessing revascularization. FA allows a better “kinetic” assessment of the retinal blood flow 

compared to the “frozen” images provided by OCT-A. We also found that OCT-A allowed better 

visualizing small capillary defects at one month compared to FA (Table 5 and Figure 3). In 

accordance with Yang et al., the clinical significance of these defects was not confirmed in our 

univariate analysis. 32 Finally, it should be noted that about half of the patients were excluded 

from the OCT-A analyzes due to poor fixation and image quality. Taken together, these data 

indicate that OCT-A is not mandatory for the diagnosis and monitoring of RAO.  

No concomitant cerebral stroke was diagnosed in our study. This could be explained 

by our protocol based on contrast-enhanced CT-scan and not on magnetic resonance imaging 

(MRI) that could lead to an underestimation of the cases of subclinical cerebral stroke. For 

example, Hadanny et al. have found a past medical history of stroke in 9.4% of their CRAO 
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patients.6 Interestingly, Mac Grory et al. have recently reported a high rate of atrial fibrillation 

during the months following RAO.33 Therefore, a close monitoring of cardiac arrhythmia is 

mandatory but was out of the scope of the present study.  

In our opinion, the strength of our study is the development of a protocol based on the 

underlying pathophysiology of RAO and mechanisms of HBOT. For the first time, HBOT 

duration was based on the monitoring of spontaneous revascularization of the central retinal 

artery assessed by FA. We used a reliable, robust and well-recognized main outcome measure 

to assess a BCVA improvement.6,15 We compared our results with previous similar studies, but 

also with studies reporting the natural course of the disease. Finally, we aimed to determine 

whether the new non-invasive OCT-A technology could be an alternative to traditional but more 

invasive FA. Based on our preliminary findings, OCT-A is difficult to perform in patients with 

altered central fixation and is not sensitive enough to diagnose arterial occlusion and assess 

revascularization. Therefore, FA remains the gold standard for the diagnosis of RAO and for 

the monitoring of the spontaneous revascularization. 

Our study has some limitations. Firstly, our study has a small sample size reducing the 

statistical significance of our results. However, CRAO prevalence is low and is thought to range 

between 1 and 2 per 100,000 inhabitants 3,6,16 In addition, we chose strict inclusion and 

exclusion criteria: of the 74 patients screened over the study period, only 31 were included. 

Secondly, our study was not comparative. However, as previously discussed, our results 

showed a better improvement than after the natural course of the disease (Table 7). In 

addition, there is no standard of care for RAO and the natural course is known to be harmful 

in almost all cases. Therefore, there is an urgent need to implement new therapeutic strategies 

based on effective and safe treatments. Based on our review of the literature assessing HBOT 

in RAO (Table 6), HBOT appears to be an effective, safe and well-known treatment used for 

over half a century in this indication. Therefore, it is questionable whether it is ethical to deprive 

a patient of an effective treatment in a rare and disabling disorder where there is no 

recommended treatment to date. Thirdly, our study was not designed to precisely assess the 

cardiovascular events associated with RAO. The incidence of cerebral strokes could be 

underestimated in our study due to the fact that MRI was not performed and to the short follow-

up.33 We are currently modifying our protocol to routinely perform brain and cervical MRI at 

baseline, as is the case in the Cerebral Stroke Emergency Department. 
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CONCLUSION 

HBOT, administered twice daily until revascularization of the central retinal artery, provides 

favorable results without major AEs. Monitoring patients with FA to determine HBOT duration 

allows customizing treatment with favorable results despite late referral up to 7 days after the 

onset. About half of our patients achieved a significant BCVA improvement (≥0.3 logMAR), a 

higher proportion than without treatment (natural evolution of the disease). Our preliminary 

results indicate that OCT-A is not reliable for making the diagnosis of RAO and assessing 

subsequent revascularization. Further larger studies are needed to confirm our findings.  
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RÉSUMÉ 
 
 
 
Introduction  
Les occlusions artérielles rétiniennes (OAR) sont rares mais de mauvais pronostic visuel. De 
nombreux traitements été étudiés sans succès. A ce jour, il n’existe aucun consensus sur la 
prise en charge optimale de cette pathologie. Depuis plus d’un demi-siècle, plusieurs études 
ont montré l’efficacité de l’oxygénothérapie hyperbare (OH) dans les OAR. L’OH permettrait 
une oxygénation de la rétine via la choroïde (réservoir immédiat) et le vitré (réservoir différé). 
À ce jour, il n’existe aucun consensus concernant le nombre et la durée exacte de séances 
d’OH. L’objectif de notre étude était d’évaluer l’efficacité et la sécurité d’un protocole 
standardisé d’OH dont la durée était monitorée par angiographie à la fluorescéine (AF) chez 
des patients présentant une OAR. 
 
 
Matériel et méthodes 
Nous avons conduit une étude prospective, unicentrique, non comparative entre juillet 2016 et 
mars 2021. Tous les patients présentant une OAR datant de moins de 7 jours bénéficiaient 
d’un examen ophtalmologique complet, une AF, une tomographie par cohérence optique 
(OCT), une OCT-Angiographie (OCT-A) suivi de deux séances quotidiennes (2,5 ATA, 90min) 
d’OH jusqu’à revascularisation artérielle évaluée sur l’AF. Ces examens étaient répétés à J14 
et J21 et J30. Le critère de jugement principal était l’amélioration de l’acuité visuelle définie 
comme une diminution ≥ 0.3 logMar à J30. L’objectif secondaire était de déterminer si l’OCT-
A pouvait se substituer à l’AF pour le diagnostic positif d’OAR ou pour sa revascularisation.  
 
 
Résultats 
Trente et un patients ont été inclus. Une moyenne de 34 (13-56) séances d’OH ont été 
réalisées. Une revascularisation artérielle était retrouvée chez 48,4% et 87,1% des patients à 
J14 et J21 respectivement. La meilleure acuité visuelle corrigée à l’inclusion et à un mois était 
respectivement de 1,51 logMAR et 1,10 logMAR. Une amélioration ≥ 0,3 logMar était 
constatée chez 48,4% des patients. Six (19,4%) patients ont présenté un barotraumatisme 
mineur sans nécessité d’interrompre les séances d’OH. En analyse univariée, la prise d’anti-
agrégant plaquettaires (p=0,044) et les patients consultant  avec une acuité visuelle initiale 
plus faible (p=0,008) avaient statistiquement une meilleure récupération visuelle à un mois. 
Seize patients (51,6%) n’ont pas pu être analysés en OCT-A en raison d’importants artéfacts. 
À J1, l’ensemble des patients présentait en sur cet examen une persistance des troncs 
artériels. Malgré une revascularisation totale en AF à J21 dans 87,1% des cas, on retrouvait 
des déficits vasculaires en OCT-A chez 70% des patients. 
 
 
Conclusion 
L’OH, monitorée par l’AF jusqu’à obtention de la revascularisation spontanée de l’artère 
rétinienne est un traitement efficace et sûr. Environ la moitié des patients ont présenté une 
amélioration significative de leur acuité visuelle, ce qui est supérieur à l’évolution spontanée 
des OAR. L’OCT-A manque de sensibilité pour porter le diagnostic positif d’OAR et pour 
étudier sa revascularisation. L’AF reste l’examen de choix dans cette indication. D’autres 
études sont nécessaires pour confirmer nos résultats préliminaires.  
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