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Efficacy of HBOT in Central Retinal Artery Occlusion : Visual Outcome
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Ly Abstract ‘e

Background: Visual loss is a major symptom in Central Retinal Artery Occlusion, while limited vision field has been
described in Branched Retinal Artery Occlusion. Despite great developments in diagnostic, surgical and medical
ophthalmology fields within recent years, retinal artery occlusion still remains a disease without approved therapy.
Retinal cells consumed the highest oxygen consumption in organs, which makes the retina extremely susceptible
to ischemia. Aim and Objective: The aim and objective of this prospective study was to look for effect of hyperbaric
oxygen therapy and to evaluate and establish a possible marker for retinal damage. Study Design: Prospective case
control study. Place of Study: The study was carried out at the Prana Hyper Baric Oxygen Therapy Centre, located in
the Northern parts of Mumbai, in India. Material and Method: Total 62 patients with central retinal artery occlusion
were included which were referred to our Prana hyperbaric center Mumbai over a period of three years. The HBO
therapy protocol included 90 minutes oxygen breathing at 2 ata twice daily for 3 days and then followed by 1 OD for
4 days. Results and Discussion: The best corrected visual acuity [log MAR] after hyperbaric oxygen therapy compared
with baseline showed a significant mean improvement of 0.612 + 0.64 from 2.16 + 0.48 to 1.58 + 0.89 [p<0.0001].
similarly BCVA [log MAR] after HBOT in patients with cherry red spot compared with base line showed a mean
improvement of 0.453 + 0.358 from 2.24 + 0.32 to 1.87 + 0.54 [p < 0.0001] also showed a significant finding in non
cherry red spot cases where BCVA after HBOT compared with base line showed a mean improvement of 0.78 +
0.498 from 1.96 £ 0.68 to 1.21 + 0.71 [p < 0.0001]. Conclusion: From clinical perspective hyperbaric oxygen therapy is
an effective treatment for central retinal artery occlusion cases, it also concludes that the cherry red spot as marker of
retinal infarction and as long as it is not being developed the prognosis appears to be good.
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Introduction artery and its branches [3]. Thrombosis, arteritis,

embolus, vasospasm are the main aetiology of

Von Graefe 1859 was the first to describe central
retinal artery occlusion due to embolism, since then
ithas been known as a clinical entity [1]. Later in 1864
it was described on opthalmoscopy by Schweigger
[2]. From Internal carotid artery, ophthalmic artery
originates and central retinal artery is a small but
important branch of ophthalmic artery. Inner layer
of retina gets it blood supply from central retinal
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retinal artery occlusions [4]. The very consequences
clinically are dramatic and treatment delay may
cause blindness, retinal artery occlusion is much
more common in hypertensive arteriosclerosis
patients and also occasionally in patients with
endocarditis [5,6]. Major symptom in central retinal
artery occlusion is loss of vision, whereas limited
vision field seen in branch retinal artery occlusion.

The ophthalmic artery originates from the internal
carotid artery, and the central retinal artery is a small
important branch of the ophthalmic artery. The blood
supply of the inner layer of the retina comes from the
Central Retinal Artery and its branches; occlusion of
the branch leads to a branch retinal artery occlusion
[3]. The etiology of Retinal Artery Occlusion includes
thrombosis, embolus, arteritis, vasospasm [4].
Clinically, the consequences of this vascular accident
are dramatic, and delayed treatment may lead to
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blindness; Retinal Artery Occlusion is more common
in hypertensive arteriosclerosis patients and occurs
occasionally patients with endocarditis [5,6]. V
isual loss is a major symptom in Central Retinal
Artery Occlusion, while limited vision field has been
described in Branched Retinal Artery Occlusion.
Despite great developments in diagnostic, surgical
and medical ophthalmology fields within recent
years, retinal artery occlusion still remains a disease
without approved therapy. Retinal cells consumed
the highest oxygen consumption in organs, which
makes the retina extremely susceptible to ischemia
[7]. The inner retinal layers are normally supported
by retinal circulation and typically lose viability,
leading to vision loss.

In Animal studies it is clearly shown that total
retinal ischemia can be entirely reversed provided
the retina is reoxygenized within 97 minutes of onset
of the symptoms [8]. In comparison to the animal
studies in humans there is no clear timeline seen
until irreversible anoxic retinal damage occurs. Few
authors suggest elapsed time of around 6-6.5 hours
[9] but this may be due to the large variability between
patients, types of occlusion, and residual perfusion,
such time frame is not considered to be reliable and
hence different biologically based marker is required.

Central retinal artery occlusion an emergency
eye situation that should be suspected in patient
who presents with unilateral sudden painless
vision loss, such patients usually had vision loss
in the range of finger counting to light perception.
Patients presenting with no light perception in the
affected eye might had occluded the ophthalmic
artery close to where it enters the eye which causes
permanent and debilitating vision loss.

The proposed role for hyperbaric oxygenin Central
Retinal Artery Occlusion is to increase the oxygen
delivery to the ischemic tissue until spontaneous
or assisted reperfusion occurs. Hyperbaric oxygen
therapy includes the inhalation of 100% oxygen at
pressures exceeding 1 atmosphere absolute (ATA)
to enhance the amount of oxygen dissolved in the
body tissues. During Hyperbaric oxygen therapy
treatment arterial O, tension typically exceeds 2,000
mm Hg [10]. The aim and objective of this prospective
study was to look for effect of hyperbaric oxygen
therapy and to evaluate and establish a possible
marker for retinal damage which included cases of
non arteritic central retinal artery occlusion patients.

Materials and Methods

Study Setting

The study was carried out at the Prana Hyper
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Baric Oxygen Therapy Centre, which is owned by
the Investigator and located in the Northern parts
of Mumbai, in India. The center has one Sechrist
Monoplace hyperbaric chamber and a TCOM
machine with 3 electrodes. The oxygen gas supply
is from oxygen cylinders of 7000 liters’ capacity
each. The center has all the requisite certifications
and registrations as required by the local authority
in Mumbai. Study was conducted over a period
of 3 years and patient with Central retinal artery
occlusion referred to the Hyperbaric Unit at Prana
HBO center. Center took care in a specialized form
and provided care to patients with central retinal
artery occlusive conditions and was responsible for
caring for all patients. Written informed consent
was obtained from the patientand patient’s relative.

Study Design

Study carried out was prospective case control
study.

Study Population

In our study total 62 patients with central retinal
artery occlusion were included which were referred
to our Prana hyperbaric center Mumbeai over a period
of three years. Furthermore all the patients were
screened for eligibility to be included in the study

Inclusion Criteria

Patients referred to Prana Hyperbaric center, with
age more than 18 years non arteritic central retinal
artery occlusion with symptoms not more than 20
hours and best corrected visual acuity worse than
0.5 logarithm of minimum angle of resolution [log
MAR] were included in the study.

Exclusion Criteria

All of the following patients who discontinued
therapy during the treatment, with excessive best
corrected visual acuity more than 0.5 log Mar,
arteritic central retinal artery occlusion, patent cilio
retinal artery, other final diagnosis and branch
retinal artery occlusion cases were excluded from
the study.

Ethics Review

This study was performed within the scope of
international ethical guidelines and legislation. Ethics
review and approval was provided by Stellenbosch
University (number: U16/06/015) and the ethics
committee of the Hyperbaric Society in India.
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Procedure

In our study the patients with suspected central
retinal artery occlusion were included and treated
with hyperbaric oxygen therapy for retinal artery
occlusion. The HBO therapy protocol included 90
minutes oxygen breathing at 2 ata twice daily for 3
days and then followed by 1 OD for 4 days. During
the course of recruitment of the patients for the study
detailed neurologic and cardiologic examinations
were done while hospitalization to establish the cause
of occlusion in such cases. Echocardiography, duplex
ultrasound of the carotid arteries was also performed
as a part of the investigation during inclusion of the
patients. All the safety precautions of hyperbaric
oxygen therapy in regards with adverse reactions
were meticulously monitored and analyzed.

Statistical Analysis

Numerical Data Present in graphically and
descriptive statistics like mean, standard deviation,
confidence interval etc. done on numeric variables.
A large sample t-test was performed on numerical
data. Correlation analysis to measure the relation
between variable which was performed on change
in BCVA and Treatment time from symptoms to
treatment and chi square test was performed to
check the significance. Regression analysis was
used. All statistical analysis was done by using
the Statistical package for the Social Science [SPSS]
V.19 software.

Results

In our prospective case control study total 62
patients were enrolled who fulfilled the inclusion
criterion and were included for the final analysis of
the study. 10 cases were excluded from the study
due to the time delay of more than 20 hours for
treatment but were separately analyzed for best
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corrected visual acuity pointed and highlighted
in Figure 3 of the study. In our study mean age of
the patients was 65.3 £ 11.8 years and out of the
total 62 cases 44 patients were males (Table 1). The
most prevalent chronic medical conditions were
hypertension followed by hypercholesterolemia
and active smoking with 38, 28 and 21 cases
respectively involved. Out of that 22 cases were on
treatment with statins prior to the central retinal
artery occlusion event. In our study the mean time
delay from onset of symptoms to actual starting
of the treatment for CRAO event was 7.3 + 4.1
hours. The average number of hyperbaric oxygen
therapy sessions was 3.9 + 1.4. In our study right
eye was affected in 27 cases whereas left eye was
involved in 35 cases. The intra ocular pressure was
13.4 £ 3.9 mmHg. 40 patients presented with cherry
red spot in the study. The best corrected visual
acuity [log MAR] after hyperbaric oxygen therapy
compared with baseline showed a significant mean
improvement of 0.612 + 0.64 from 2.16 + 0.48 to 1.58
£ 0.89 [p<0.0001]. similarly BCVA [log MAR] after
HBOT in patients with cherry red spot compared
with base line showed a mean improvement of 0.453
* 0.358 from 2.24 + 0.32 to 1.87 = 0.54 [p<0.0001]
also showed a significant finding in non cherry
red spot cases where BCVA after HBOT compared
with base line showed a mean improvement of 0.78
* 0.498 from 1.96 + 0.68 to 1.21 + 0.71 [p<0.0001].
(Table 2) (Fig. 3). The visual outcome of the
patients with delayed presentation for treatment
i.e. more than 20 hours from onset of symptoms is
being displayed in Table 3. It was found that the
presence of plaque or boxcarrying during fundus
examination had no effect on visual outcome in
the study. In the present study no patients had
any episodes of major adverse events, few minor
events were observed in 2 patients experienced
with otalgia without barotruma signs, none of the
cases need to be intervened by any procedures to
continue HBOT.

HBOT effection BCVA with & without CSR

2.5

Non-CRS
I Baseline

Fig. 1: Hyperbaric oxygen therapy effects on BCVA in patients with and without cherry red spots.

CRS
B Post-HBOT
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Fig. 2: Patient distributions by chronic diseases
Table 1: Patient’s baseline characteristics
Characteristics HBOT CRS Non - CRS Significance
Male 44 29 15
Female 18 11 07
Age 65.3£11.8 66.14+£12.2 64.2+11.3 0.00315
Chronic Medical Condition:
Diabetes Mellitus 14 09 05
Hypertension 38 25 13
Hypercholesterolemia 28 17 11
Active Smoking 21 14 07
Chronic Medications:
Statins 22 14 08
Involved Eye:
Right 27 18 09
Left 35 22 13
Time from symptoms to treatment 7.3 £4.1 (1-20) 7.9 £4.3 (2-19) 6.9 £3.9 (1-20) 0.0000211
Intraocular Pressure 134 +3.9 129+34 14.1+45 0.00001
Fundus Finding:
Plaque 14 08 06
CRS 40 - -
Boxcarring 12 07 05
Number of HBOT sessions:
Median = 3.9 39+14 4+1.1 38+1 0.0021
Table 2: Analysis of best corrected visual acuity
Outcomes All Patients (n= 62) CRS (n=40) Non - CRS (n=22) Significance
Baseline Log MAR 216 +£0.48 224 £0.32 1.96 £ 0.68 0.00002
Discharge log MAR 1.58 £0.89 1.87 £0.54 1.21+0.71 0.0001
Change in log MAR 0.612 + 0.64 0.453 +0.358 0.78 £ 0.498 0.0001
Clinical significant usual 42 23 19 0.00001
improvement 20.3 log MAR
Log MAR<1 16 3 13 0.0001
Discussion from non arteritic central retinal artery occlusion.

In our present study we evaluated therapeutic
effect of hyperbaric oxygen in patients suffering

There are various studies, case reports and cohort
studies that had shown the very efficacy of using
hyperbaric oxygen in patients with retinal artery
occlusion in various time frames [11-15]. But
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Table 3: Analysis of BCVA for patients with time delay of over 20 hours

Outcomes All Patients CRS Non - CRS Sienificance
(n=10) (n=07) (n=03) gn
Baseline Log MAR 2.01+0.52 2.04+0.42 1.98 +0.51 0.8612
Discharge log MAR 1.84 +0.89 2.16 +0.55 1.65 + 0.68 0.061
Change in log MAR 0.421 + 0.694 0.124 +0.242 0.684 +0.389 0.135
Clinical significant usual 4 1 3 0.123
improvement 2 0.3 log MAR
Log MAR<1 5 2 3 0.315
1 Non- CRS CRS
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Fig. 3: Change in BCVA post HBOT and time delay to treatment as a factor.

the point to highlight was that many cases were
from branched retinal artery occlusion, arteritic
retinal occlusion or central retinal artery occlusion.
Near related causes of retinal arterial occlusive
diseases includes atherosclerosis related thrombus,
embolism, vasospasm and giant cell arteritis.
Central retinal artery occlusion with significant loss
of vision is considered as ophthalmic emergency,
treatment should be aimed at prompt supply of
oxygen to ischemic retina at a partial pressure which
is sufficient to maintain viability during medically
assisted or spontaneous restoration of central
retinal artery blood flow is established. In Animal
model research of retinal artery injury have shown
areduction in apoptosis from 58% of cell loss to 30%
in animals treated with hyperbaric oxygen [16].

The retinal tissue undergoes a period of ischemia
when retinal arterial flow is interrupted, blood flow
is usually re-established via re-canalization but if
hypoxia and ischemia resulted in cell death and
necrosis in the inner layers of the retina, vision may
not return even if the blood flow is re-established.
Ischemic Penumbra is a term used when tissue that
is ischemic yet capable of recovery within a certain
time frame [17]. In the study reported by Stone et.

al. two patients with CRAo of more than six hours
duration were treated with intermittent carbogen
i.e. 95% oxygenand 5 % CO,, retrobulbar anesthesia
and anterior chamber paracentesis. In his study the
first patient vision improved from hand motion to
20/20 due to the above mentioned therapy, wherein
the carbogen was being administered for every 10
minutes every hour, on the contrary the second
patient had improvement from finger counting to
20/25 where the carbogen was administered 10
minutes every hour for 48 hours [18].

In the study reported by Hertoz et. al. 17 patients
with central retinal artery occlusion were treated
with HBOT, he divided the patient into four
groups based on the time to onset of treatment and
highlighted the HBO, seemed useful in preserving
visual function when the therapy was given within
eight hours from the onset of visual impairment [19].

In the present prospective case control study
we evaluated the therapeutic effect of hyperbaric
oxygen in patients referred to our Prana hyperbaric
center suffering from acute central retinal artery
occlusion, the important predictor in the study
was no cherry red spot at fundus examination, the
improvement in patient without cherry red spot
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was significant that is 19 patients gaining clinical
improvement [log MAR change 20.3] and 13
patients gaining best corrected visual acuity
<1 log MAR making the basis to this finding it
was concluded that cherry red spot can serve as
marker for irreversible anoxic retinal damage to be
used for patients for hyperbaric oxygen therapy,
as well it can be used in future studies designed to
evaluate different interventions aiming to reverse
retinal ischemia. However, in our study there was
no control group, as such it is not possible to have
due to ethical reasons also central retinal artery
occlusion is approved indication for hyperbaric
oxygen therapy, since the visual improvement
occurred quite dramatic within minutes after the
target treatment pressure was obtained when the
patient was in chamber as well then there was
not any improvement until hyperbaric oxygen
therapy session started, it can be concluded that
the improvement in vision is related to increased
retinal oxygenation with hyper baric oxygen.

Conclusion

From clinical perspective hyperbaric oxygen
therapy is an effective treatment for central retinal
artery occlusion cases, it also concludes that the
cherry red spot as marker of retinal infarction and
as long as it is not being developed the prognosis
appears to be good. Hyperbaric oxygen therapy is
a safe and non invasive intervention that should
be considered with priority in central retinal artery
occlusion patients. The fundus findings should be
considered as an important marker to look for the
outcome of treatment success.

Conflict of Interest: The author declares no
conflict of interest for this study.
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