Clinical Ophthalmology

Dove

REVIEW

Hyperbaric Oxygen Therapy for Central Retinal
Artery Occlusion: Patient Selection and

Perspectives

Ali Riza Cenk Celebi

Atakent Education and Research
Hospital, Department of Ophthalmology,
Acibadem University School of Medicine,
Istanbul, Turkey

Correspondence: Ali Riza Cenk Celebi
Atakent Education and Research Hospital,
Department of Ophthalmology, Acibadem
University School of Medicine, Istanbul,
34303, Turkey

Tel +90 212 404 40 84

Email arcenkcelebi@gmail.com; cenk.
celebi@acibadem.edu.tr

Abstract: The central retinal artery occlusion (CRAO) is a rare ophthalmological emer-
gency that can occur in the eye. CRAO can affect persons of any age, however it is most
common in people over the age of 60. CRAO is associated with a number of risk factors,
including giant cell arteritis, carotid artery atherosclerosis, cardiogenic emboli, hypertension,
smoking, diabetes, and thromboembolic disease. The chance of each of these etiologies being
present is assessed during the course of the investigation. Hyperbaric oxygen treatment
(HBOT) is classified by the American Heart Association for CRAO at level IIb. In accor-
dance with that, HBOT might be considered for the treatment of such a severe condition.
HBOT can maintain retinal oxygenation during ischemic events by allowing oxygen to
diffuse through choroidal capillaries that have been exposed to elevated partial pressures
of oxygen. As a result, ischemia-related damage is reversed if applied within proper time
frame. The amount of time that has passed prior to initiation of HBOT is considered to be the
most critical factor in determining the best visual prognosis. According to the Undersea and
Hyperbaric Medical Society, patients who are identified with CRAO after the onset of
symptoms should be evaluated for HBOT within 24 hours. HBOT has the advantage of
having a low risk profile, and it can be utilized to improve visual outcomes in proper
patients.
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Introduction
Central retinal artery occlusion (CRAO), which is the visual counterpart of
a cerebral stroke, is considered an ophthalmological emergency. It is estimated
that one in every 100,000 patients will be affected on an annual basis.' Patients
frequently present with a fast, monocular, and painless visual loss that results in
visual acuity (VA) of 20/400 or worse in 80% of cases if the condition is not
treated.? Patients suffering from this ailment commonly have vision loss ranging
from finger counting to light perception, among other symptoms. When the flow of
blood to the central retinal artery is interrupted, it results in ischemia and infarction
of the retina, which is referred to as central retinal artery occlusion (CRAO). In
addition, the retina consumes oxygen at a high rate (13 mL/100 g/minute)’ and is
thus prone to ischemia as a result of an intolerance to protracted oxygen deprivation
as a result of its high oxygen consumption rate.

The retinal oxygen deprivation in animal models causes irreversible tissue
damage after 97 minutes, and occlusions lasting more than 100 minutes cause
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varying degrees of retinal damage, with significant damage
happening after 240 minutes.” It is usually severe and
persistent when blood supply to the retina is interrupted
for more than 4 hours, resulting in permanent retinal
damage and visual loss.” It is unclear when irreversible
anoxic retinal damage occurs in humans, in contrast to
animal models (some authors propose an elapsed time of
approximately 6—6.5 hours, however this time frame is not
trustworthy because to the wide diversity between patients,
types of occlusions, and residual perfusion).®

Review of the Anatomy of the CRA
in Relation to the CRAO

In addition to providing oxygen and nutrition to the eyes,
the ophthalmic artery, which is a branch of the cavernous
section of the internal carotid artery, is also responsible for
sending blood to the brain. With the optic nerve, the
central retinal artery enters the globe and distributes
blood to the inner layers of the retina by its multiple
branches. It is a minor branch of the ophthalmic artery
and an important little branch of that artery, and it enters
the globe with the optic nerve.” If the amount of occlusion
is at the level of the ophthalmic artery, it is probable that
the patient will have no treatment alternatives open to
them. Due to a blockage in the posterior ciliary circulation,
no collateral circulation can reach the inner layers of the
retinal pigment epithelium, resulting in the development of
this devastating situation.® The retina receives a two-way
flow of oxygen and nutrients, with the central retinal artery
sending blood to the inner layers and the choroidal circu-
lation supplying blood to the outer layers of the retina.
Only a few blood arteries are responsible for providing the
sole food for the retinal tissue that is more significant than
the central retinal artery, which has an average diameter of
0.16 mm.” On a cellular basis; cells in the layers of the
retina whose nuclei are located within the vascularized
inner retina (such as ganglion cells, bipolar cells, and
Miiller glial cells) receive their oxygen from the central
retinal artery, whereas those cells in the layers of the retina
whose nuclei are located within the capillary-free outer
retina (such as photoreceptors and retinal pigment epithe-
lium) receive their oxygen from the adjacent choroid,
which is a component of the posterior ciliary arterial
circulation.'®

Acute pan-retinal hypoperfusion results in ischemia in
the inner retinal layers (ganglion cell layer and inner
nuclear layer) within minutes after the onset of the

condition, which expresses itself as diffuse inner retinal
whitening.® Over the next few hours, the severity of the
ischemia will worsen even further.® Ischemia most com-
monly occurs in the macular region; therefore, opacifica-
tion is usually limited to the posterior pole; however, in
more peripheral areas, the non-perfused inner retina retains
its transparency due to the lack of blood supply to the
area.® The foveola, in contrast to the macula, which con-
tains only the photoreceptor layer that is supplied by
choroidal circulation, does not show any indications of
opacification or haziness.® The traditional “Cherry Red
Spot” discovery is created by a contrast between the peri-
foveolar whitening caused by infarction and the retinal
pigment epithelium under the foveola, which is visible
under the microscope.'" Remember that the cilioretinal
artery, which is a branch of the choroidal arterial supply,
is present in 15% to 30% of the general population.
A portion of the retina surrounding the macula, which is
the portion of the retina responsible for central vision, is
supplied by this blood vessel. It is possible for patients
who have a cilioretinal artery to retain some degree of
central vision after having surgery to repair it since this
area of the retina is still being perfused at the time of
surgery to repair it.'> When a cilioretinal artery becomes
clogged, the visual prognosis is dictated by how much of
the macular blood supply is dependent on this vessel,
regardless of the reason.

Where in the body the blockage of CRA takes place is
not known at this point. When it comes to embolic occlu-
sive illness, the narrowest section of the central retinal
artery, which is positioned at the point where it pierces
the dural sheath of the optic nerve,'” is a region that is
commonly implicated.

Risk Factors, Patient
Characteristics, and the Etiology of
CRAO

It is possible to develop CRAO at any age, however it is
most frequent in those over the age of sixty. Men are more
impacted than women in this situation (by a factor of two-
thirds to one-third). The incidence of occurrence is 1—
15 per 100,000 people in the population.'* According to
current recommendations, individuals who suffer from
CRAO should be treated as if they were suffering from
a stroke of the eye and should be taken to the hospital for
close monitoring and testing, in addition to risk factor
reduction.
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The majority of instances of CRAO are caused by
emboli that originate in the heart, carotid arteries, or aortic
arch, according to the American Heart Association
(referred to as “non-arteritic” embolisms). Please keep in
mind that there are various different forms of emboli to be
aware of. It is likely that any specific medical or mechan-
ical attempts to dislodge or dissolve cholesterol emboli,
platelet emboli, or red cell emboli would have a different
approach. It’s possible that heparin will have little effect
on a cholesterol thrombus, for example. The sort of embo-
lus that is present would decide whether or not the treat-
ment would be effective. Some have claimed that this
distribution does not necessarily apply to central retinal
artery emboli, which are not apparent on fundoscopic
inspection.'”> The vast majority of retinal artery emboli,
according to current thinking, are formed of cholesterol,
with lesser proportions composed of fibrin or calcific
material.'®

Having the central retinal artery completely occluded
can result in retinal ischemia and infarction, in addition to
temporary visual loss. Emboli are formed by carotid artery
or cardiac plaque, the latter of which is typically induced
by atrial fibrillation, in a manner similar to that of an
ischemic cerebrovascular accident in that they are com-
monly caused by a carotid artery or cardiac plaque.'’

Retinal ischemia -CRAO- is considered to be the
ocular counterpart of a stroke of the cerebral vasculature,
and patients suffering from CRAO should be treated
with the utmost care. When a patient has CRAO, they
are at a greater risk of developing concurrent or subse-
quent ischemia in other end organs, particularly in the
brain.'® In spite of the fact that most ophthalmologists
are aware of the systemic and neurologic implications of
CRAO, the strategy to treating this condition continues
to be a source of substantial ambiguity in the field.
A narrow time window for effective treatment of
CRAO and a high rate of serious comorbid illness
exist. Thus, when CRAO is diagnosed in an ophthalmol-
ogy, optometry, neurology, or primary clinic, immediate
triage to an emergency department is necessary and
should not be delayed to obtain further outpatient eva-
luation or institute other treatments.'® Stroke centers
should develop relationships with community ophthal-
mologists and optometrists to promote efficient pathways
for transfer of patients with CRAO. The vast majority of
experts agree that it is vital to address the CRAO as an
embolic event and to do an interdisciplinary full cardio-
logical and neurological diagnostic workup to identify

and treat potential hazards and causal factors as soon as
possible after the CRAO has occurred. It is estimated
that the chance of getting a stroke more than doubles
within three years of having a CRAO.?® On multiple
occasions, it has been demonstrated that obstruction of
the central retinal artery is related with various vascular
events such as myocardial infarction and acute ischemic
stroke, among others.?' As a result, the American Heart
Association” and the National Stroke Association®®
recommend that all patients with retinal ischemia -
CRAO- should be evaluated for cardiovascular disease
in the same way that other patients who have suffered
a cerebral vascular accident should be evaluated for
cardiovascular disease. The key risk factors for retinal
artery occlusions have been discovered in numerous
investigations, with nicotine usage, hypercholesterole-
mia, arterial hypertension, and stenosis of the internal
carotid artery being the most prevalent. In individuals
with hypertensive arteriosclerosis, the occurrence of
CRAO is more likely, but it can also occur in patients
with endocarditis on rare occasions.** 2°

According to recent study, having an ipsilateral carotid
artery stenosis is one of the most significant risk factors for
central retinal artery occlusion. Acute imaging of the lar-
ger neck vasculature is therefore essential for appropriate
therapy of this disease.”* However, despite the well-
documented link between CRAO and stroke, it is neces-
sary to conduct a rapid evaluation of the carotid arteries in
order to speed decisive therapy, particularly given the fact
that ipsilateral carotid artery disease is known to occur in
50% of patients.” The risk factors for cerebral stroke are
comparable to those for heart attack and include, among
other things, hypertension, diabetes mellitus, carotid artery
disease, coronary artery disease, a history of transient
ischemic attack or cerebral vascular accident, and
smoking.”® As a matter of fact, atherosclerotic disease is
the most common cause of CRAO in patients between the
ages of 40 and 60, particularly in women.?’ In addition,
there have been other case series of CRAO that have
occurred during and after angiography and stenting that
have been documented.’® Patients typically report with
debilitating monocular vision loss, and doctors should
concentrate their efforts on doing thorough ophthalmic
and neurologic exams on these patients. In some cases,
such as this one, it may be difficult to see the classic
“cattle  trucking” or  “box-carring,” which is
a discontinuous appearance of the vessels caused by seg-
mentation of the blood column in the arteries, as well as
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the cherry-red spot in the macula without a magnified
fundoscopic examination.*’

The arterial vasculature of hypertension (HTN) patients
becomes chronically restricted as a result of the cardiovas-
cular atheromatous process caused by the disease. This
results in heart failure (and as proved in the eye by the
HTN retinopathy). It is possible that the chronically
restricted vasculature will behave in a manner similar to
that observed in the damaged tissues in the models out-
lined above. When HBO is introduced, these excessively
constricted vessels do not contract any more, in contrast to
the usual vasoconstriction response, because oxygen
reaches them in less quantity and because they are already
nearly totally constricted in the first place. Therefore, the
elevated oxygen concentration has a full impact, and the
ischemic retinal tissue receives a considerably bigger
amount of extra oxygen in HTN patients than in non-
HTN patients as a result of the increased oxygen
concentration.>’

Complete blood count (CBC), erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), prothrombin
time (PT), partial thromboplastin time (PTT), INR if tak-
ing coumadin, and electrocardiogram (ECG) according to
the etiology of CRAO are all recommended as part of the
initial evaluation. The use of carotid ultrasonography,
magnetic resonance imaging (MRI), and an echocardio-
graphy are all possible procedures for this condition.
These studies are not regarded urgent for these individuals,
in the same way that they are not considered urgent for
stroke patients, but rather are part of a full evaluation for
risk factor adjustment.

One of the most unusual disorders known to science is
Susac syndrome, which is characterized by microangiopa-
thy of the brain, retina, and middle ear. However, the
actual source of the illness is still unknown at this time.
There have been several reports of comparable retinal
artery occlusions in the literature throughout the course
of the years. Microangiopathy is thought to be caused by
a combination of events including vasculitis and vasos-
pasm, as well as immunologic components. Severe visual
impairment is a risk for patients in this circumstance, and
treatment choices are restricted in this situation. Patients
who had acute treatment with hyperbaric oxygen within 24
hours of experiencing vision loss are believed to have
retained foveal function and had their visual acuity
improved to approximately 20/20 in each eye. With the
showing of hyperbaric oxygen-related improvements in
visual acuity and improved visual field in both eyes on

two consecutive occasions, the door has been opened to
a novel therapy option for patients suffering from this
ailment.*?

According to one research, retinal artery occlusion
caused by CaHA filler injection is a rare but potentially
life-threatening condition. In one case, HBOT was used as
an adjuvant treatment, and the patient’s vision and retinal
circulation improved significantly.>® They came to the
conclusion that HBOT appeared to be useful in the treat-
ment of iatrogenic retinal artery occlusion within the first
24 hours of administration. Generally speaking, it is
believed that a retrograde embolic mechanism is respon-
sible for the pathogenesis of RAO after cosmetic facial
filler injections are performed.** Whenever the injection
pressure is greater than or equal to the systolic arterial
pressure, the injected material displaces arterial blood and
travels proximally past the site of the retinal artery’s ori-
gin, causing it to become blocked. By pressing the plun-
ger, the ensuing column of material is driven into the
ophthalmic artery and its branches, where it is then
depressed by the arterial systolic pressure, which is then

depressed as well.*

CRAO in Young Population

CRAO is a condition that is most frequently observed in
the elderly and is characterized by clinical symptoms that
are suggestive of atheromatous emboli. It is not prevalent
among people of a younger age. In this age range, there is
a scarcity of information about the risk factors associated
with disease. A number of factors contributed to the
pathogenesis, including cardiac, valvular, and vascular
inflammatory illnesses.*® In accordance with the findings
of Wenzler et al, hyperhomocysteinemia is a risk factor.>’
According to the findings of another study, it was one of
the most common cause of arterial occlusive disease in
young people in India.>® There are a variety of disorders
lead
cystathionine b-synthase insufficiency, MTHFR mutation,

that can to hyperhomocysteinemia, including
and deficiencies in the metabolism of folate and vitamin
B12. It is crucial to explore the genetic propensity to
thrombosis in children as a potential cause of arterial
occlusive disease in this age group. It is possible that the
MTHEFR gene polymorphism will cause a reduction in the
enzyme activity of the MTHFR enzyme, which will result
in hyperhomocysteinemia, which will impact the vascular
endothelium and may result in the development of occlu-
sive vascular disease.*” Some researchers believe that hav-

ing the C677T mutation in the MTHFR gene is a risk
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factor for hyperhomocysteinemia (high homocysteine
levels).*

Rarely does congenital cardiac anomaly-related emboli
manifest itself as CRAO. An unusual complication of
persistent truncus arteriosus (PTA) and a single atrium
has been recorded in a female patient. Young-onset
CRAO is related with a number of medical disorders,
such as hyperhomocysteinemia, temporal arteritis, SLE,
sickle cell disease, platelet-aggregation abnormalities,
and migraine headaches, among others.*' In contrast, car-
diogenic emboli are a very rare cause of CRAO, account-
ing for only 1% of all cases. In spite of the fact that atrial
fibrillation and left ventricular dysfunction are the most
common cardiac causes of congestive heart failure, extra-
cardiac factors (mainly aortic and carotid plaques) have
been proven to be related with this illness in the great
majority of instances.*> Unfortunately, in around 45% of
the patients studied, the source of the embolism was still
unknown at the time of that study. Some of the other
theorized reasons include infective endocarditis, left atrial
thrombosis and myxomas, aortic arch atheroma, mitral
annulus calcification, left atrial appendage thrombus, valv-
ular anomalies, papillary fibroelastoma, and patent fora-
men ovale.*?

CRAO’s Natural Prognosis

Patients with CRAO often appear with severe, painless
monocular vision loss. Patients with CRAO have final
visual acuity that ranges from near normal (in a minority
of patients who have accessory perfusion of the macula via
a cilioretinal artery) to counting fingers or worse; 93.2% of
patients with non-arteritic CRAO who do not have cilior-
etinal artery sparing will have final visual acuity of count-
ing fingers or worse. It is possible that some CRAO
patients experience spontaneous visual recovery within
a few hours of vision loss and do not seek medical atten-
tion, despite the fact that a limited degree of spontancous
visual improvement is experienced by patients, typically
within the first 7 days following vision loss. Even for this
kind of natural course of CRAO, an ophthalmologist
should be visited as soon as possible after the onset of
initial symptoms and immediate assessment including eva-
luation of vascular risk factors is needed.” In the natural
course of CRAO, the artery’s reperfusion occurs over
several weeks, and this is characterized by a slow and
steady improvement in blood flow. The Snellen chart
shows that only 10% of patients with spontaneous reperfu-
sion have considerable improvement (15 ETDRS (Early

Treatment Diabetic Retinopathy Study) letters or three
lines in the Snellen chart).**

CRAO: A Comprehensive

Treatment Approach

It was not until 2006 that hyperbaric oxygen therapy was
approved as a treatment option for patients suffering from
chronic respiratory apnea. In spite of this, it remains
a largely underutilized modality, in part due to a lack of
availability and a lack of understanding among the
ophthalmological community.*> HBOT is one of the treat-
ment options available to CRAO patients and it showed
clinical effectiveness if applied in proper time frame which
could be less than 24 hours after its initial onset.

HBOT Has a Specific Mechanism of

Action

The principal benefits of HBO therapy are hyperoxygena-
tion and a reduction in the size of gas bubbles in the
bloodstream. Twenty-one percent of the air we breathe is
made up of oxygen, which is the most critical substrate for
metabolic processes. An important characteristic of HBOT
is that it involves the delivery of 100% oxygen under
conditions of atmospheric pressure that are two- to three-
fold greater than those found in normal air at the surface of
the planet. During HBOT, the arterial oxygen pressure and
tissue oxygen pressure can both rise to as high as 2000
millimeters of mercury and 400 millimeters of mercury,
respectively. An increase in gradient (or the transfer of
oxygen into tissues) by a factor of twenty as a result of the
application of oxygen at this pressure can have a range of
favorable impacts on biochemical, cellular, and physiolo-
gical processes, among other things.*® When it comes to
the healing process, oxidants have the capacity to operate
as cellular messengers.?” A higher concentration of oxy-
gen in the bloodstream allows tissues to heal themselves
more effectively. When done in a controlled atmosphere,
normal breathing in room air can result in an oxygen
hemoglobin saturation in the blood of nearly 100%.
Because of the high atmospheric pressure required to
inhale 100% oxygen, a rise in the solubility of oxygen in
the blood occurs, which is helpful (from 0.3 up to 6
vol percent).*® This amount of plasma-dissolved oxygen,
despite the fact that it is tiny, is sufficient to supply the
oxygen requirements of the body’s tissues.*® It has been
established that when the partial pressure of oxygen is
elevated in the ocular tissues, such as the vitreous body
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and inner retina, the choroidal vasculature is capable of
supplying an increased amount of oxygen to the ocular
tissues.*” It is acceptable to administer hyperbaric oxygen
through medical compression chambers in the presence of
a retinal vascular obstruction to preserve tissue life until
reperfusion can be achieved.™

The Rationale for HBOT in CRAO

HBOT has been shown to be effective in the treatment of
ocular vascular disorders, according to some reports.”' The
interaction between free oxygen radicals and nitric oxide,
which occurs in conjunction with the autoregulation that
occurs during this treatment, is most likely the cause of the
constriction of the retinal arteries. In the first 10 minutes
after initiating HBOT, there is a considerable reduction in
blood flow. Rapid vasodilatation occurs rapidly after the
completion of hyperbaric oxidation treatment as a result of
the enhanced production of nitric oxide and the usage of
free oxygen immediately following the end of the
treatment.”> While HBOT causes constriction of the retinal
arteries, oxygen saturation increases to up to 23%, and the
retina is not harmed as a result.>> To be more specific, the
improvement in retinal and macular oxygenation that
occurs as a result of hyperoxia-dependent improvements
in oxygenation, particularly in areas with deficient perfu-
sion and interstitial edema or a thickened basal membrane,
as well as vasoconstriction, which prevents fluid leakage
that leads to retinopathy, is responsible for the beneficial
effect of HBOT in treating retinal vascular diseases.’’ It is
still debated whether or not HBO is effective in treating
retinal vascular occlusions associated with macular edema,
even though current clinical evidence supports its use in
the treatment of such occlusions. Concerns have been
raised about the production of excess free radicals and
the placebo effect. The choroidal circulation produces
60% of the oxygen required for retinal function under
normal conditions, and this number rises up to 100%
when the patient is exposed to hyperbaric conditions.>* If
you use HBO to treat CRAO, the potential advantage is
that the increased blood flow from the collateral and chor-
oidal circulations can cover the metabolic demands of
retinal cells, while the central retinal artery re-cannulates
naturally, allowing you to keep your retinal tissue. This
notion, on the other hand, is not supported by any evi-
dence. As previously mentioned, hyperbaric oxygen has
been proven to have the capacity to attenuate both tissue
edema and ischemia-reperfusion harm during re-

canalization. The oxygen levels in the choroidal

circulation must be adequately high in order for the inner
retinal layers to continue to function. It is possible that
enough oxygen will diffuse downstream to allow them to
sustain some degree of viability if this is accomplished. As
evidenced by the use of CRAO animal models, researchers
have demonstrated that normal inner retinal layer architec-
ture can be preserved when choroidal oxygen levels are
elevated enough to allow for diffusion into the inner retinal
layers. In order to test this concept, CRAO animal models
have been deployed.®® In animal models, it has been
established that collateral circulation is capable of supply-
ing the retina with 100% of the oxygen it needed in order
to function properly under hyperbaric conditions.
Furthermore, in an animal experiment utilizing a CRAO
mice model, Gaydar et al found in a study that HBOT
reduced cell loss from 58% to 30%, which was associated
with enhanced survival of cells in the inner layer of the
retina.>® In all animal models it should be always kept in
mind that they are not the perfect model to study the use of
HBOT in human CRAO and the collateralization in mice
is very different from human retinal vasculature. In some
cases, the use of HBOT, for example, may allow the
retina’s oxygen requirements to be met by the peripheral
collateral circulation while the central retinal artery vessel
re-cannulates. In spite of the fact that it is not known for
certain, it is speculated that under hyperoxic conditions,
such as those caused by hyperbaric oxygen treatment, the
choroid is capable of providing the retina with 100% of the
oxygen it requires, even in the presence of retinal artery
non-perfusion.”’

A hyperbaric therapy at 203 kPa results in an inspired
partial pressure of oxygen that is nearly 10 times larger
than the partial pressure of oxygen encountered when
breathing air at normal atmospheric pressure. According
to this idea, higher-pressure oxygen is supposed to diffuse
from the choroidal circulation or from other patent retinal
arteries to reach the ischemic retina through the choroidal
circulation. This reactivates cellular metabolism and main-
tains the retina alive, providing emboli enough time to
dissolve or move on to a new site before disintegrating
or moving on. In accordance with anecdotal comments
from this patient cohort, the vast majority of them reported
visual return after their first HBOT. This could be
explained by decreasing edema in the retina, which
allowed for increased visual acuity during the procedure.
Moreover, data shows that HBOT would only provide
a few extra hours of time for circulation to be restored to
the retina at the most. The procedure will not be effective
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in cases where the retina has already been infarcted, and as
a result, it is only useful in patients who appear within
a short amount of time after an artery has been blocked. In
light of the fact that our patients who present with CRAO
within 10 hours of treatment tend to have a higher rate of
improvement in vision, it would appear reasonable to
administer HBOT to any patient who presents with
CRAO within this time frame.

It has been postulated that the saturation of the vitreous
body with oxygen is the basic reason for the use of intraocular
hyperbaric oxygen therapy in ischemic ophthalmic disorders.
The fact that it is a “liquid” medium does not affect the reality
that it generally includes roughly 80% dissolved nitrogen until
saturation, after which the nitrogen is exchanged for oxygen
during the HBOT method. Because of the lower partial pres-
sure gradient outside of the pressure chamber, oxygen desa-
turation of the vitreous towards the retina occurs much more
slowly than saturation; as a result, it was hypothesized that the
vitreous acts as an oxygen depot during the first two days of
treatment. A fast rate of blood flow and a very low arteriove-
nous oxygen difference are observed in the choroidal circula-
tion. Variations in oxygen tension have no substantial effect on
choroid blood flow, at least when compared to changes in
retinal blood flow. When decreased hemoglobin is supersatu-
rated, oxygen pressure can grow unabated to exceedingly high
levels as a result of rising amounts of free dissolved oxygen,
which can result in death. Using this method, it is feasible to
achieve a higher gradient of diffusion from choroidal circula-
tion to the inner retinal layers.>®

HBOT’s Molecular Mechanisms of

Action

The use of hyperbaric oxygen may be able to lessen the degree
of ischemia neuronal injury in some patients in certain circum-
stances. In that ischemic neuronal damage in the retina begins
with a hypoxia event, just as it occurs in the central nervous
system. The time span during which ischemic tissue can
recover from a hypoxic event in the event that reperfusion
occurs is limited, and it is important to understand this (the
ischemic penumbra).” The depletion of adenosine tripho-
sphate and the disruption of the calcium pump occur as
a result of a decrease in oxygenation during an ischemic
episode in the brain. Cell death and the accumulation of harm-
ful chemicals are caused by the influx of calcium that happens
as a result of this process. Some enzymes, such as xanthine
oxidase, induce free radical damage to the organism when the
blood vessels are re-opened. The absence of excitatory amino

acids, which are necessary for the activation of membrane
channels, also results in an increase in the accumulation of
calcium, water, sodium, and chloride within the cell, which
leads to additional intracellular accumulation of these ele-
ments. Apart from these potential consequences, acidosis
may also contribute to the damage by causing toxic injury
and catalyzing the amplification of destructive mechanisms,
among other things. Hyperbaric oxygenation administered
through the choroid may aid in the prevention of the buildup
of such compounds as well as the facilitation of their elimina-
tion. pH changes may be able to be rectified in some cases. Due
to the fact that the retinal tissue would remain in the ischemic
penumbra during the ischemic event, the acute destruction
would be reduced while the reperfusion injury would be
reduced. When it comes to foveal involvement, even a tiny
amount of tissue preservation can be substantial.

Protocol for Hyperbaric Oxygen

Treatment

It is necessary to compress two atmosphere absolute
(ATA) pressure at first. According to a study by Hayreh
et al al.” it was mentioned that there is a threshold of time
beyond which ischemic tissue can no longer recover from
a hypoxic event, even if reperfusion occurs. The retina can
only survive 90 to 100 minutes of ischemia prior to per-
manent damage. So at least 90 minutes of hyperbaric
oxygen application is advised. It is recommended that if
vision improves sufficiently at 2 ATA, the depth be main-
tained at this level for 90 minutes. If vision does not
improve after 30 minutes at 2 ATA, compression to 2.4
ATA is conducted, and if vision does not improve at this
depth, treatment at this depth for another 90 minutes is
carried out until vision improves. If there is no improve-
ment at 2.4 ATA, the compression is increased to 2.8 ATA.
After completing the initial US Navy Table No. 6, as
described above, the following alternatives are available:
discontinuing treatment or pursuing continued normobaric
oxygen therapy. The patient is re-assessed after 4 to 6 days
after receiving an additional 2 treatments at 2.8 ATA for 90
minutes each, with 5-minute air breaks every 30 minutes,
twice daily. Once a plateau is reached, the majority of
patients will not experience any further improvement in
visual acuity and can therefore be discharged from the
treatment program. It is possible that some patients will
take up to eight sessions before seeing an improvement in
their visual acuity; however, few if any patients will
respond after this point.
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The Importance of Therapeutic
Window in CRAO for Obtaining the
Best Results from HBOT

Among the various elements that might influence a patient’s
visual prognosis, it is widely known that time elapsed between
the time of diagnosis and the time of therapy is believed to be
the most crucial aspect to take into consideration. With CRAO,
the key pathophysiological mechanism of an early HBOT is
the hyperbaric oxygen delivery to the inner and outer retinal
layers through the choroid, which occurs during the early
stages of the disease.®” However, when is the most appropriate
moment to deliver treatment is up for debate. As a general rule,
the shorter time that elapses between injury and treatment, the
greater the likelihood of recovering an ischemic retina that is
threatened but is still functional (penumbra).>* The inner ret-
inal cells have a time limit that must be met before they are no
longer able to recover from a hypoxic event, regardless of
whether or not reperfusion occurs.”’ In the meta-analysis of
Wau et al covered 7 RCT publications, the timing of treatment
from the time of onset could not be statistically assessed due to
the requirement that all RCTs be conducted within a same
particular time window.*> CRAO was shown to be effective
in five out of six patients who underwent the treatment, which
took more than one and a half hours on average. Patients’
visual acuity improved significantly after the procedure was
completed.®’ Although numerous studies have found that
HBOT is useful in the treatment of CRAO, there is disagree-
ment about how long HBOT should be administered in this
circumstance.>* According to Butler et al, the best evidence
points a success within the initiation of HBOT in 12 hours of
the CRAO diagnosis.” It has been found that HBOT works
best when it is started within 8 hours after the commencement
of vision loss, according to researchers Hertzog and colleagues
as well as Beiran and colleagues™' HBOT should be com-
menced within 24 hours of the onset of symptoms, and
furtherly it has been observed that results are better if it is
done within 12 hours of the onset of symptoms. According to
that study, majority of patients who get hyperbaric oxygen
within eight hours of acquiring symptoms experience an
improvement in visual acuity of three lines or better on the
Snellen chart.®® Patients who are treated within 12 hours of the
onset of symptoms show the greatest indication of sympto-
matic improvement, according to another ophthalmology
literature.>* One other group of researchers came to the con-
clusion that individuals with CRAO whose symptoms have
been present for less than 6 to 8 hours have the greatest out-
comes after getting HBO therapy.”> As a result of these

different studies mentioned above in this section; there is not
a definite number of initiation time but all studies main con-
clusion is starting HBOT as soon as possible the CRAO
diagnosis is made.

The Total Number of HBOT

Sessions

Another measure that can be used to assess the efficacy of
HBOT is the median number of sessions completed in
a given time period. There was an average of 10.5 hours
of therapy throughout the investigations, which is consis-
tent with Wu et al findings. It was also reported in a recent
meta-analysis of seven randomized controlled trials that
the median number of HBOT sessions was three, accord-
ing to the findings of the study (251 eyes, with the most
effective treatment length over 9 hours).* Furthermore,
according to the Undersea and Hyperbaric Medical
Society, the appropriate number of HBOT sessions
depends on the severity and duration of a patient’s symp-
toms, as well as the degree to which those symptoms are
responding to the HBOT treatments administered.>*

The Duration of HBOT

Recent research by Wu et al found that an individual-level data
set from 251 patients who got oxygen therapy was collected
after a meta-analysis of seven randomized controlled trials
(RCTs), This meta-analysis was focused with a special empha-
sis on identifying the period of treatment. According to the
study’s findings, treatment durations of more than 9 hours
boosted the therapeutic efficacy of the intervention.*’ It takes
more than 9 hours of treatment for a patient to get their vision
entirely restored. It was demonstrated in one of the case pre-
sentations that a CRAO patient who had hyperbaric oxygen
therapy for a total of 13.5 hours saw considerable improvement
in his or her visual acuity after getting the treatment.** Each
HBO therapy session can run anywhere from 45 minutes to 5
hours, with the majority of sessions lasting roughly 90 minutes
or more.

In CRAO, There are Certain
Indicators of HBOT Success

It has been suggested by some writers that there are four
significant crucial aspects that determine the success of
HBOT: the time at which HBOT is began, the degree of vessel
occlusion, the kind of vessel that is occluded, and the existence
of an appropriate PaO2 of oxygen in the blood stream. It is also
believed that the etiology of the occlusion, as previously
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explained, is a crucial component in the situation.’*% A key
hurdle to effective treatment is the fact that persons with
CRAO are rarely treated in an acute setting and that there is
no consensus on treatment or guideline-based therapy for the
condition.>® Once the tissue has been irreparably injured, it is
critical to begin treatment as soon as possible after the injury.
The response to HBOT will vary from person to person
depending on the severity and location of the blockage. It is
necessary to maintain a sufficient partial pressure of oxygen in
the retinal vessels for an extended period of time in order to
allow the vessels to re-canalize. This normally occurs within
72 hours of the initial occurrence. It is possible to restore retinal
blood flow in as little as 72 hours after undergoing re-
canalization surgery. However, if ischemia and hypoxia have
caused cell death and necrosis in the inner retinal layers, which
are normally supplied by the retinal artery, vision may not be
restored following retinal artery re-canalization. Eyesight loss
in people with CRAO is widespread because the inner retinal
layers, which are normally serviced by the retinal circulation,
are occluded, causing them to lose their vision. However, if
these layers are able to acquire sufficient oxygen through
diffusion through the choroidal circulation, they will be able
to continue to function.”> HBOTs ability to oxygenate the
ischemic inner retinal layers is dependent on the quantity of
choroid perfusion that occurs under CRAO circumstances,
which is measured in microliters per second. There will be
no blood flow to the posterior ciliary vessels and, thus, no
collateral circulation to oxygenate the inner retina until the
ophthalmic artery is totally obstructed, which is not likely in
the case of complete obstruction of the ophthalmic artery.>* To
keep the retina alive until circulation is restored through natural
recanalization, which normally occurs within 72 hours of the
incident, it is vital to maintain an acceptable partial pressure of
oxygen in the bloodstream.>*

The Importance of Fundus Findings
in the Assessment of HBOT

Therapeutic Response

Hadanny et al recently reported that patients who have
a cherry-red spot (CRS) macula in the fundoscopy at
presentation experience a significant increase in VA
improvement as well as an increased success rate with
treatment when contrasted with patients who do not have
the cherry-red spot (CRS) in the fundoscopy at presenta-
tion. When comparing patients with and without CRS, it
was revealed that 86.0% experienced clinically meaningful
visual improvement, compared to 49.4% of patients who

did not have CRS when they presented. In this context, the
authors demonstrated that CRS can be utilized as a marker
for irreversible anoxic retinal damage in individuals who
are candidates for high-dose oxygen therapy, and that this
marker can be used to guide treatment. Indeed, they advise
that it should be considered as the most crucial indicator of
treatment success rather than the amount of time that has
passed from the onset of symptoms.®

According to the most recent findings of optical coher-
ence tomography (OCT), this opacification and swelling of
the posterior pole, which was previously discovered to be
sparing the fovea (CRS), is the result of an ischemia
infarction of the inner retinal tissues. After being damaged
by a non-reversible infarct, the inner retinal tissues experi-
ence an increase in optical density, and this causes them to
cast a shadow over the lesser optical intensity of the

surrounding outer retina.®®

Can HBOT Be Used in Conjunction
with Other Therapy Techniques to

Enhance Its Effectiveness?

Different researchers have also tried various combinations
of therapeutic techniques with HBOT in the treatment of
acute CRAO (eg: HBOT and ocular massage, HBOT and
rTPA, HBOT and hemodilution).®*%"~% Societies have not
yet approved of these varied combinations of different
therapy techniques. Nevertheless, thrombolysis should be
discussed in light of the rapidly developing research in
recent years.

Intravenous thrombolytic medications have been used
empirically to treat CRAO since the 1960s, and tPA is
now delivered to 5.8% of patients treated with CRAO in
the United States.”” More than half of academic neurolo-
gists administer intravenous tPA to selected patients with
acute CRAO based on observational data and in the lack
of other efficient therapies.”' There have been no adequate
randomized clinical studies of intravenous tPA to date
since earlier attempts were hampered by patient enroll-
ment difficulties. Since the release of the meta-analysis of
observational studies, intravenous tPA has been re-
evaluated in four current cohorts with acute CRAO within
4.5 hours of onset.”' A new meta-analysis that included
these recent cohorts found that therapy within 4.5 hours
had a considerable effect.”” This analysis robustly
repeated previous findings and served as the foundation
for several ongoing clinical trials. Three randomized trials
(THEIA, REVISION, and TenCRAOS) are being done in
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Europe to compare intravenous thrombolysis to placebo in
persons with CRAO who come within 4.5 hours of symp-
toms commencement.”' The decision to utilize intrave-
nous tPA for CRAO rests on a detailed conversation
between the treating specialist and the affected patient,
which includes an acknowledgement of the limitations
inherent in the literature to date, according to the
authors.””’! There is only one case report of concurrent
use of HBO and tPA for CRAO. This patient who had
recently been diagnosed with CRAO was treated with IVT
(rTPA) and HBOT, which resulted in a favorable outcome.
With the inclusion of a good VA result, this clinical
description contributes to the current body of knowledge
about the use of thrombolysis in the literature and may be
considered as an alternate add — on option for the acute
therapy of future CRAO cases.®” As the recent literature
on thrombolysis for CRAO is increasing, there is a need to
investigate the clinical efficiency of thrombolytic agent
plus HBOT treatment modalities with future randomized
clinical trials.

It is being investigated whether HBOT and hemodilution
is effective in CRAO through a controlled, non-randomized
experiment.®” The researchers conducted a comparison
between HBOT and hemodilution and discovered that hemo-
dilution alone was superior. Thirty-nine patients were given
both HBOT and haemodilution, and another 29 patients
were given only haemodilution alone. The mean VA
improvement in the combination group was three lines,
whereas the mean VA improvement in the haemodilution
alone group was one line in the HBOT group. However,
there was no statistically significant difference between
these groups at the time of discharge or at the time of follow-
up, indicating that the study was not statistically significant.

Clinical Evidences of HBOT in the
Management of CRAO

In order to boost oxygenation of ischemic retinal regions
while waiting for blood flow to be restored, HBOT is
utilized. Patients who got oxygen therapy had
a likelihood of visual improvement that was approximately
5.61 times greater (95% confidence interval: 3.60-8.73)
than those who did not receive oxygen therapy, as com-
pared to the control group who did not receive oxygen
therapy.*> Because better outcomes are expected to occur
with earlier treatment initiation, patients who present
within 24 hours of the onset of symptoms may be con-

sidered for HBOT, despite the fact that there is currently

no consensus in the current literature regarding the time
period during which HBOT may be beneficial.>

A meta-analysis conducted by Wu et al*® in this regard is
particularly noteworthy because it comprised seven rando-
mized controlled trials involving 251 individuals who were
treated with some type of “oxygen therapy” for retinal artery
occlusions and found that the treatment was effective. The
inhalation of carbogen (95% oxygen and 5% carbon monox-
ide) (which is beyond the scope of this review) was utilized in
one study, and HBO was employed in six other investigations.
The vast majority of HBO research exhibited a “low risk of
bias,” indicating a high likelihood of statistically valid out-
comes in the vast majority of cases. It was not possible to
determine whether HBO alone has an independently beneficial
effect on visual outcome in the absence of additional treat-
ments because five out of the six HBO studies included addi-
tional treatments (anterior chamber paracentesis, ocular
massage, acetazolamide, and/or hemodilution). When it came
to HBOT in CRAO research, visual acuity was the primary
outcome in all of them. Patients were treated as soon as 30
minutes after the onset of symptoms in some trials, while in
others, they were treated as late as 5 days after the onset of
symptoms in other studies (two studies treated all patients
within 12 hours, another two studies treated all patients within
48 hours, and the final two studies treated patients as late as 5
days after onset of symptoms).*> Comparing the oxygen ther-
apy group with the non-oxygen therapy group, the oxygen
therapy group showed a statistically significant increase in
visual acuity in patients suffering from retinal artery blockage
(odds ratio: 5.61; 95% confidence interval: 3.60-8.73).
Following the outcomes of this meta-analysis, it was shown
that oxygen therapy (most often HBOT) had some visual
benefits when combined with other therapies.

As previously stated, treatment of CRAO with hyper-
baric oxygen treatment is rated as level IIb evidence in
accordance with the American Heart Association’s cate-
gorization of evidence system. HBOT is considered to be
acceptable but a weak recommendation, yet there is no
evidence to support this assumption strongly from level
I research. The Undersea and Hyperbaric Medical Society
recommends that patients seeking treatment for CRAO
seek hyperbaric oxygen therapy within 24 hours of being
identified with the disease, according to the society.”* It is
also stated that cases in which clinical improvement has
been reported have been delayed by less than 12 hours
have shown the strongest evidence.

As reported by the European Committee of Hyperbaric
Medicine (ECHM) at the tenth European Consensus
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Conference on Hyperbaric Medicine (2016), Type 2 ther-

apy
because it is supported by acceptable levels of evidence,

is recommended when HBOT is recommended
and Level C therapy is recommended when proper rando-
mized controlled trials—RCTs—are not possible, but there
is ample and international evidence.”* Additionally, HBOT
is classified as IIb (Usefulness/effectiveness is unknown/
unclear/uncertain or not well-established) according to the
clinical practice guidelines of the American College of
Cardiology/American Heart Association (ACC/AHA),
which means that it is not unreasonable to perform
a procedure or administer treatment in this situation.”>’*

In support of the hypothesis that hyperbaric oxygen can
enhance outcomes following CRAO, a considerable num-
ber of case series and clinical investigations have been
reported up to date. Aisenbrey et al discovered that
a mean improvement of 2 lines in visual acuity was
observed in eight patients who received HBOT.”> More
than 80% of patients in Beiran et al series reported sub-
jective improvement in eyesight after undergoing HBO
treatment, compared to less than 30% of patients in the
control group.®' During a research involving 21 patients,
19 of them reported subjective improvement in eyesight,
which was corroborated by visual acuity tests in 13 of
them.®® According to Cope and colleagues, more than
half of the patients who had HBOT experienced a visual
acuity improvement of greater than 2 lines. The research-
ers pooled data from their case series of 11 patients with
data from two other case series of HBO therapy, resulting
in a total of 51 individuals in the combined study. After
conducting an investigation into the visual acuity out-
comes of 51 HBO-treated patients and 29 patients in
a control group, the researchers discovered that the HBO
group experienced an average improvement of 3 lines of
vision, whereas patients in the control group experienced
an average improvement of only 1 line of vision. This
finding was supported by another research.®!

According to Coelho et al®® 71.4% of the patients saw
a clinically significant improvement in BCVA after HBOT,
and Hadanny et al® 67.2% of the patients experienced
a clinically significant improvement in BCVA after HBOT.
According to Hadanny et al, a statistically significant mean
improvement in BCVA (logMar) was seen, with a decrease
in BCVA from 2.14 to 1.61 (0.01 logMar) in 67% of the
patients and a gain in BCVA of >0.3 logMar in the remain-
ing patients. A further improvement from HM to CF has

been regarded as clinically important, and it correlates to

a four-line interval between the two states between which
the improvement occurred (in 0.1 log-unit steps).°

Contraindications of HBOT

Absolute contraindications to HBO treatment are distin-
guished from relative contraindications. An untreated
pneumothorax, as well as certain chemotherapy treat-
ments, are absolute contraindications. An existing preg-
nancy, epilepsy, a severe claustrophobia, an acute infection
(especially of the upper respiratory tract), chronic sinusitis,
or an uncontrollably high fever are all relative contraindi-
cations to receiving this treatment. There are no known
contraindications to pressure chamber treatment in emer-
gency situations, according to the guidelines of the GTUM
(Gesellschaft fiir Tauch- und berdruckmedizin), the EUBS
(European Underwater and Baromedical Society), and the
UHMS (Underwater and Hyperbaric Medical Society).
Extremely severe or long-lasting side effects are extremely
rare. When there are problems with pressure equalization,
pressure differences can cause damage to closed, air-filled
body cavities as well as adjacent structures, which can be
dangerous (barotrauma). Patients suffering from chronic
bronchitis, asthma, or pulmonary emphysema are at
a higher risk of developing lung complications. It is pos-
sible that the brain will experience a transient increase in
oxygen sensitivity (oxygen cramp, feeling disturbances).
This s
ramifications.

always reversible and has no negative

HBOT Safety

HBOT has been demonstrated to be safe as long as the
treatment procedures for each portion are no longer than
120 minutes in length and the oxygen pressure is less than
3 atmospheres. When performed under adequate medical
supervision, the use of high-pressure oxygen treatment is
generally viewed as benign, safe, and associated with
minimum risk.”®

It was discovered that 5.5% of the CRAO population
experienced modest and temporary adverse effects, such as
middle ear or sinus barotraumas, which recovered fully
within a few days of being exposed to HBO.**7"-7® When
a person’s middle ear and the external environment are not
equalized, it is known as barotrauma. This term refers to
the stretching and tearing of their tympanic membrane as
a result of their inability to equalize their pressure gradi-
ent, as explained above. Furthermore, HBO is performed
in numerous sessions over a period of several days and
necessitates the use of specialist equipment. A single
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treatment for CRAO patients with HBO cannot be called
evidence-based due to the minimal number of research that
have established its effectiveness.

As a result of the barotrauma effect caused by the
sudden pressure change, one of the most common side
effects of HBOT is oxygen convulsion.”” Other side
effects include middle ear, cranial sinus, and lung rupture,
which present with mild to moderate ache as a result of the
sudden pressure change; and claustrophobia, which can
occur in cabins with only one patient as a result of the
sudden pressure change. Also likely are chest tightness,
retrosternal burning sensations, and acute lung dysfunc-
tions such as a dry cough while suffering from the
condition.** To avoid these negative consequences, seek
medical advice and action as soon as possible after expo-
sure to the HBO. HBOT, when compared to other forms of
treatment, such as paracentesis, is a non-invasive, safe
procedure that may be utilized for a range of purposes
and has been demonstrated to be safe for patients with
CRAO.

It is possible that some patients would notice a narrowing
of their visual field when HBOT is delivered during the
fourth hour, depending on their condition. Oxygen toxicity is
characterized by eyelid twitching, which is often a warning
sign that a full-blown seizure is likely to occur.** Experiments
have shown that hyperoxia can cause retinal damage at extre-
mely high concentrations, which has been documented in the
literature. Several cases have been reported, including one in
which there were retinal vascular abnormalities and another in
which there was a brief unilateral vision impairment.
A diagnosis of multiple sclerosis had been made for both of
them.® It is not recommended to use HBOT in patients who
are receiving therapeutic intraocular gas because it can cause
a significant increase in intraocular pressure (IOP) in the
eyes.®! Several studies have found that HBOT has no substan-
tial effect on the eyes’ ability to see clearly.* On the other
hand, according to the findings of another study, this therapeu-
tic procedure has the potential to cause reversible myopia.® It
has also been demonstrated that the use of acute hyperbaric
stress in individuals undergoing corneal refractive surgery does
not result in any changes in their refractive error.*’
A stimulation of fibroblastic proliferation in keratorefractive
surgery procedures, particularly photorefractive keratectomy
operations, might result in unstable refractive effects and unde-
sirable outcomes. Therefore, all keratorefractive operations in
patients who are undergoing HBOT should be postponed
unless otherwise recommended unless otherwise suggested
by the physician. Even though ocular problems associated

with HBO treatment are relatively rare, they can develop in
some instances. Those who use HBOT for an extended period
of time, particularly older adults who use the treatment on
a regular basis, are at greater risk of developing the most
serious consequence, nuclear cataract development, which is
caused by oxidative stress in lens proteins.® It was discovered
that extended HBO therapy had a negative effect on the human
lens.™ A total of 15 of their patients were wearing clear lenses
in their eyes prior to the procedure. During the HBOT, seven
patients (46.6%) acquired nuclear cataracts, which was
a complication of the procedure. According to the data, nuclear
vacuoles were found in ten out of twenty-five patients (44%)
who got HBOT treatment. To a certain extent, it was discov-
ered that both nuclear cataract production and the formation of
nuclear vacuoles are reversible processes.*>*® As part of the
research undertaken by Schaal et al®® bovine lenses were
placed in an organ culture for seven days and subjected to
four distinct combinations of ambient pressure and oxygen
concentration during that time. As a result of their research,
they came to the conclusion that high oxygen loads had a toxic
effect on bovine lenses, and they went on to say that, in addition
to being higher in oxygen partial pressure and greater in
number of exposures, the higher the oxygen partial pressure
and more exposures resulted in more severe changes in the
lens. Scientists theorized that the presence of oxygen contrib-
uted to the formation of human cataracts.*> Fledelius and
colleagues employed a typical hyperbaric oxygen treatment
regimen, which consisted of a 95-minute session at 95% oxy-
gen at 2.5 atmospheres delivered every day from Monday to
Friday for a total of 30 sessions, with each session lasting 95
minutes. Those who received results, on the other hand, were
limited to 17 individuals. All 17 patients were subjected to
myopia induction during their treatment (100%).*® HBOT
does not appear to be associated with ocular problems when
the pressure and duration of exposures are employed in clinical
practice, contrary to popular belief. The development of myo-
pia, which is the most visible issue and is also the most easily
reversible, is the most easily reversible.

Using children ranging in age from two months to
eighteen years, Waisman and colleagues evaluated the
effectiveness and safety of high-pressure oxygen
therapy.®” 139 children were enrolled in the study, and
none of them experienced an ophthalmologic problem.

Conclusions

It is difficult to perform large-scale randomized controlled
trials for CRAO since it happens at such a low frequency
when compared to other ischemic episodes, which makes it
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challenging to find a cure. In the limited randomized controlled
trials that have been published, it has been proved that no
proven intervention is more effective than doing nothing.*®
Prospective trials with well-designed study designs are still
required in order to find the most effective treatment for
CRAO. Previous studies employing HBOT as a safe alterna-
tive indicated improvement in the low visual acuity associated
with CRAO prior to therapy. While waiting for the best possi-
ble outcome, ophthalmologists will continue to do everything
they can to increase the oxygenation of the ischemic retina in
the meanwhile. The use of HBOT may be a clinically relevant
and approved therapy option for individuals who present
within 24 hours of the onset of CRAO symptoms. CRAO
patients who have been treated with HBOT have the advantage
of having a low risk profile of treatment modality. HBOT can
be employed to try to enhance the visual prognosis in this
population.
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