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DISCLAIMER

 The opinions expressed in this paper are those of the authors and do not necessarily 
reflect those of the Department of the Defense or the Department of the Navy.

Butler, Jr., FK, Hagan C, Murphy-Lavoie H. Hyperbaric Oxygen Therapy and the Eye. Undersea Hyperb Med 
2008; 35(5): 327-381.  Hyperbaric oxygen therapy (HBOT) is a primary or adjunctive therapy for a variety of 
medical disorders including some involving the eye. This paper is the first comprehensive review of HBOT 
for ocular indications. The authors recommend the following as ocular indications for HBOT:  decompression 
sickness or arterial gas embolism with visual signs or symptoms, central retinal artery occlusion, ocular 
and periocular gas gangrene, cerebro-rhino-orbital mucormycosis, periocular necrotizing fasciitis, carbon 
monoxide poisoning with visual sequelae, radiation optic neuropathy, radiation or mitomycin C-induced 
scleral necrosis, and periorbital reconstructive surgery. Other ocular disorders that may benefit from HBOT 
include selected cases of ischemic optic neuropathy, ischemic central retinal vein occlusion, branch retinal 
artery occlusion with central vision loss, ischemic branch retinal vein occlusion, cystoid macular edema 
associated with retinal venous occlusion, post-surgical inflammation, or intrinsic inflammatory disorders, 
periocular brown recluse spider envenomation, ocular quinine toxicity, Purtscher’s retinopathy, radiation 
retinopathy, anterior segment ischemia, retinal detachment in sickle cell disease, refractory actinomycotic 
lacrimal canaliculitis, pyoderma gangrenosum of the orbit and refractory pseudomonas keratitis. Visual function 
should be monitored as clinically indicated before, during, and after therapy when HBOT is undertaken to treat 
vision loss.  Visual acuity alone is not an adequate measure of visual function to monitor the efficacy of HBOT 
in this setting.  Ocular examinations should also include automated perimetry to evaluate the central 30 degrees 
of visual field at appropriate intervals. Interpretation of the literature on the efficacy of HBOT in treating 
ocular disorders is complicated by several factors: frequent failure to include visual field examination as an 
outcome measure, failure to adequately address the interval from symptom onset to initiation of HBOT, and 
lack of evidence for optimal treatment regimens for essentially all ocular indications. Because some ocular 
disorders require rapid administration of HBOT to restore vision, patients with acute vision loss should be 
considered emergent when they present. Visual acuity should be checked immediately, including vision with 
pinhole correction. If the patient meets the criteria for emergent HBOT outlined in the paper, normobaric 
oxygen should be started at the highest inspired oxygen fraction possible until arrangements can be made for 
HBOT.
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INTRODUCTION

 The eye and the periocular tissues 
may benefit from hyperbaric oxygen therapy 
(HBOT) in certain disorders. This paper 
reviews the anatomy and physiology of the 
eye in hyperoxic conditions and HBOT as it 
pertains to the eye is reviewed. We consider 
both the ocular disorders that may benefit from 
HBOT as well as the adverse effects on the eye 
that may occur as a result of HBOT. Ocular 
considerations in fitness-to-dive evaluations 
are outlined as are ocular contraindications 
to HBOT. Recommendations are also made 
regarding the timing and scope of pre and post 
HBOT eye examinations.   

LITERATURE SEARCH TECHNIQUE

 A PubMed search using the term 
“hyperbaric oxygen” was performed and 9,479 
citations were found as of 7 July 2007. These 
citations were screened for information on the 
eye or periocular tissues and included when 
appropriate.

PERTINENT ANATOMY AND 
PHYSIOLOGY OF THE EYE

 The sensory experience we perceive as 
vision involves incident light passing through 
the cornea, the anterior chamber, the pupil, the 
posterior chamber, the crystalline lens, and the 
vitreous body before reaching the retina. The 
cornea provides approximately two-thirds of 
the refractive power required to focus light on 
the retina and the lens the other one-third. The 
anterior chamber, the posterior chamber, and the 
vitreous body are filled with non-compressible 
fluid, which means the eye is not adversely 
affected by changes in pressure (barotrauma) 
unless a gas space exists adjacent to the eye 
(as with a facemask) or within the eye (from 
surgery or trauma).  

The retina is comprised of nine distinct 
layers, with the photoreceptor cells as the 
outermost and the internal limiting membrane 
as the innermost layers (1). Light reaching the 
retina stimulates the photoreceptor cells, which 
activates the ganglion cells. The confluence of 
the afferent portions of the ganglion cells (the 
nerve fiber layer) forms the optic disk. These 
cells exit the eye as the optic nerve to carry 
visual stimuli to the occipital cortex of the 
brain via the optic chiasm and the optic tract. 
At the middle and posterior aspects, the wall 
of the globe is composed of three main layers, 
the outermost fibrous sclera, the vascular uveal 
tract, and the innermost sensory retina. The 
uveal tract is further divided into the posterior 
choroid, the iris visible in the anterior portion 
of the eye, and the intermediate ciliary body. 
Vision may be adversely affected by any factor 
that prevents light from reaching the retina 
or being sharply focused in the retinal plane. 
Vision may also be affected by injury to the 
retina, the occipital cortex, or the afferent 
neural tissues carrying visual stimuli between 
these two areas.

The arterial supply to the eye is 
provided by the ophthalmic artery, one of the 
branches of cavernous portion of the internal 
carotid artery. Some branches of the ophthalmic 
artery (lacrimal, supraorbital, ethmoidals, 
medial palpebral, frontal, dorsal nasal) supply 
orbital structures, while others (central artery 
of the retina, short and long posterior ciliaries, 
anterior ciliary arteries) supply the tissues of 
the globe(2). The central retinal artery enters 
the globe within the optic nerve and serves the 
inner layers of the retina through its branches. 
There are approximately twenty short posterior 
ciliary arteries and usually two long posterior 
ciliary arteries. The posterior ciliary vessels 
originate from the ophthalmic artery and supply 
the uvea, the cilioretinal arteries, the sclera, 
the margin of the cornea, and the adjacent 
conjunctiva. The long posterior ciliary arteries 
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provide blood to the choroid and the outer 
layers of the retina. The short posterior ciliary 
arteries also supply the choroid. The anterior 
ciliary arteries also arise from the ophthalmic 
artery, supply the extraocular muscles, and 
anastamose with the posterior ciliary vessels to 
form the major arterial circle of the iris, which 
supplies the iris and ciliary body. The optic 
nerve receives its blood supply from various 
vessels as it progresses from the surface of the 
optic nerve head through the orbit, including 
branches of the central retinal artery, the 
posterior ciliary arteries, and branches of the 
ophthalmic artery. In approximately 15%-30% 
of individuals, a cilioretinal artery is present. 
This artery is part of the ciliary arterial supply 
but supplies the macular region of the retina, 
which subserves central vision. 

The O2 supply to the eye is complex. 
The human retina has a dual supply; the retinal 
circulation supplies the inner layers of the retina 
and the choroidal circulation supplies the outer 
layers. Normally, the choroidal circulation 
supplies the majority of the oxygen to the 
retina, and only the inner layers of the retina 
are oxygenated from the retinal circulation. 
Under normoxic conditions, approximately 
60% of the retina’s oxygen supply comes 
from the choroidal circulation. Animal work 
indicates that oxygen from the choroidal 
circulation diffuses in adequate quantity to 
the inner layers of the retina under hyperoxic 
conditions to maintain ganglion cell viability 
and retinal function even when retinal blood 
flow has been interrupted (3,4,5). The cornea 
and lens are avascular structures. The cornea 
receives oxygen both from the precorneal tear 
film and the anterior chamber of the eye, while 
oxygen to the lens is provided by the aqueous 
and the vitreous (2).  If blood flow to the eye 
is unimpeded but oxygen delivery to the eye 
is impaired, such as is the case with hypobaric 
hypoxia, the retinal vessels respond by dilating 
and ocular blood flow increases markedly (6). 

The retinal vessels respond in a similar manner 
to CO hypoxia (7). 
 Many vision-threatening eye diseases 
are associated with hypoxia and accompanied 
by elevated levels of vascular endothelial 
growth factor (VEGF), a normal homodimeric 
soluble glycoprotein growth factor. Chronic 
retinal hypoxia, however, results in elevated 
levels of VEGF that trigger neovascularization 
in the retina, optic disk, and iris. Elevated 
levels of VEGF also cause increased vascular 
permeability that may produce loss of vision 
through macular edema. VEGF isoform 164 
has been found to be an important isoform in 
the pathogenesis of early diabetic retinopathy 
(8). A number of agents have been developed 
to block the effect of VEGF and are now being 
used to treat a variety of ocular conditions. 

PHYSIOLOGY OF THE EYE IN 
HYPEROXIC CONDITIONS

 In order to understand the role of HBOT 
in ocular disorders, it is useful to review the 
effects of hyperoxia on the normal eye. Air at 
one atmosphere absolute (ATA) has an oxygen 
partial pressure (PO2) of 0.21 ATA and produces 
an arterial PO2 of approximately 100 mmHg 
in healthy young individuals (9). At this PO2, 
the hemoglobin saturation approaches 100% 
and oxyhemoglobin transports the bulk of the 
oxygen to the body tissues (approximately 
20 vol%). The amount of oxygen dissolved 
in plasma is normally only about 0.31 vol% 
but this dissolved oxygen fraction increases 
in proportion to the inspired PO2. When 
100% oxygen is breathed under hyperbaric 
conditions, for instance at 3 ATA, the oxygen 
dissolved in the plasma rises to 6 vol%. Since 
the body tissues at rest typically extract only 
about 5 vol%, enough plasma dissolved oxygen 
is available at 3ATA to meet metabolic needs 
without oxygen from hemoglobin (9). 
 Because of the retina’s dual blood 
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supply, hyperoxygenation may enable the 
choroidal blood supply to supply the oxygen 
needs of the entire retina. Since central retinal 
artery obstructions are often transient, this 
phenomenon may enable the retina to survive 
a period of interrupted blood flow, and studies 
by Landers in the cat and rhesus monkey 
demonstrate that this is possible. In that study, 
when the retinal artery was occluded and the 
animals ventilated with 100% oxygen at one 
ATA, a normal or increased oxygen tension 
was produced in the inner layers of the retina. 
An arterial PO2 of 375 to 475 mmHg provided a 
normal or increased inner retinal PO2, even with 
the central retinal artery occluded (4). Oxygen 
breathing at 1 ATA has been shown to restore 
the visual evoked response (VER) to normal 
despite retinal artery occlusion. A normal VER 
requires that all layers of the retina function 
normally and indicates that the inner retinal 
layers were adequately oxygenated in this 
model (4). 

Hyperbaric oxygen is known to cause 
retinal vasoconstriction (10-18). As the PO2 
is increased to 2.36 and 3.70 ATA, the retinal 
vessels become progressively smaller, 14 and 
both retinal arterioles and venules are affected 
(16). At an arterial PO2 of ~1,950 mmHg, the 
retinal arteriolar diameter decreases 19% (15). 
Vucetic noted a retinal arteriole constriction of 
9.6% and a retinal venule constriction of 20.6% 
after 90 minutes of 2.5 ATA partial pressure 
of oxygen. Ten minutes after the hyperoxic 
exposure, the vessels had returned to 94.5% 
and 89.0% of their original size, respectively 
(11). 

Hyperoxic retinal vasoconstriction 
has led some authors to theorize that retinal 
oxygenation decreases under hyperoxic 
conditions (19). This is not the case. Retinal 
venous hemoglobin oxygen saturation is 
found to increase from 58% breathing room 
air to 94% at 2.36 ATA, indicating that the 
hyperoxygenated choriocapillaris is supplying 

enough oxygen to more than offset any 
decrease in oxygen supply caused by retinal 
vasoconstriction at high PO2 (14, 20). Jampol 
demonstrated that hyperbaric oxygen at 2 ATA 
in primates markedly increased the preretinal 
PO2, indicating higher inner retinal oxygen 
levels under hyperoxic conditions (21). Dollery 
has also confirmed that a hyperoxygenated 
choroid can supply the oxygen requirements of 
the entire retina (22). Saltzman noted that while 
retinal vasoconstriction occurs under hyperoxic 
conditions, the appearance of bright red blood 
in the retinal veins indicates that the increase in 
oxygen transport during hyperoxia more than 
compensates for a reduction in retinal blood 
flow resulting from vasoconstriction (16). 

Pressure with the fingertip applied on 
the lateral aspect of the eye through the lid 
raises intraocular pressure and typically causes 
a dimming of vision in less than 5 seconds. This 
phenomenon is believed to be due to retinal 
ischemia induced by the elevated intraocular 
pressure. Hyperbaric oxygen at 4 ATA extends 
the interval from pressure application to 
dimming of vision to 50 seconds or more but 
will of course soon produce CNS O2 toxicity 
(23). 

Jampol also found that normobaric 
oxygen delivered to the corneal surface of 
rabbits increased the PO2 in the anterior chamber 
from 63.5 to 139.5 mmHg. Hyperbaric oxygen 
at 2 ATA presented to the corneal surface of 
air breathing rabbits further raised the anterior 
chamber PO2 to 295.2 mmHg (21, 24). 
 Hyperoxic air (at 3 ATA) has been 
reported to decrease intraocular pressure from 
15.3 mmHg to 12.3 mmHg in 14 volunteers 
over a mean time of 38 minutes. 100% oxygen 
at 1ATA also produces a significant decrease in 
intraocular pressure from 14.8 to 12.7 mmHg. 
The exact mechanism of the decrease in 
pressure is not clear, (25) although hyperoxic 
vasoconstriction is a potential mechanism 
for the observation. Note that intraocular 
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pressure measurements describe the difference 
between the intraocular tissues and the external 
environment, not the absolute pressure.

HBOT – General Considerations

Breathing oxygen at elevated pressures 
provides remarkable benefit for patients suffering 
from certain disorders. The first reported 
attempt to use hyperbaric therapy for medical 
disorders was in 1662 (26). It was subsequently 
popularized as a means of effectively treating 
decompression sickness in compressed-air 
tunnel or bridge workers. Hyperbaric therapy 
was also popularized for treating a number of 
medical disorders for which it is not effective, 
(27) leading the American Medical Association 
in 1928 to disclaim its indiscriminate use (26). 
Today the Hyperbaric Oxygen Committee of 
the Undersea and Hyperbaric Medicine Society 
maintains a list of indications for HBOT based 
on the peer-reviewed medical literature (28). 
The UHMS HBOT Committee Report is 
updated approximately every three years, and 
these recommendations are considered the gold 
standard for clinical HBOT practice. 
 There are a few points regarding 
treatment with HBOT to be made before 
discussing HBOT for specific ocular disorders:
 1) Not all of the accepted indications 
for HBOT are based on evidence from 
randomized, controlled, prospective trials 
(29). Decompression sickness and arterial gas 
embolism are the best examples of this point.

2) The optimal oxygen pressure, 
optimal length of oxygen breathing time, and 
most advantageous time intervals for repetitive 
treatments are not precisely defined for most 
indications for HBOT (30-36). 

3) The timing of HBOT administration 
after symptom onset usually affects the 
outcome. HBOT works less well or not at all 
beyond the optimal treatment window.

4) Because the pathophysiology of the 

various indications for HBOT varies, so does 
the critical window for the initiation of HBOT.

5) For acute ocular diseases that threaten 
life or eyesight and which have been shown to 
respond to HBOT, aggressive use of HBOT 
is indicated, especially when other treatment 
options are less likely to be effective.
 6) For chronic diseases in which 
HBOT’s efficacy is more difficult to discern 
or where it is but one of many therapeutic 
modalities available to the physician, a more 
cautious approach to HBOT is indicated.
 7) When other effective therapeutic 
measures are available that are less expensive, 
more easily administered, and/or entail less 
inconvenience or risk to the patient, they should 
be used first - even if HBOT is effective for that 
disorder.

OCULAR CONSIDERATIONS IN HBOT 
FITNESS-TO-DIVE EVALUATION

 From an ocular perspective, HBOT 
contraindications are significantly different 
from those published for fitness-to-dive in divers 
(37). There is less concern about visual acuity, 
since the patient may be assisted as needed 
in the chamber environment. The prescribed 
convalescent period prior to resumption 
of diving activity after ocular surgery is 
not typically relevant to HBOT (except as 
noted below), since there is no potential 
for facemask barotrauma or water intrusion 
into an ocular operative site in a hyperbaric 
chamber. Glaucoma is not a contraindication to 
HBOT (37). Several ocular conditions remain, 
however, as contraindications to HBOT:
 1. Presence of a hollow orbital 
prosthesis. Individuals who have had an eye 
removed typically have a prosthesis placed 
in the orbit. There are reports of pressure-
induced collapses of hollow silicone 
orbital implants at depths as shallow as 

http://archive.rubicon-foundation.org



UHM 2008, Vol. 35, No. 5 – HBOT and the Eye.

332

10 feet (38). Most ocular implants used 
presently, however, are not hollow and are 
not a contraindication to diving or HBOT. 
A hollow orbital prosthesis is a relative 
contraindication and should not prevent 
HBOT required to preserve life, neurological 
function, or vision in the contralateral eye.
 2. Presence of an intraocular gas 
bubble. Intraocular gas is used in selected 
cases by vitreoretinal surgeons to maintain 
juxtaposition of the retina to the retinal pigment 
epithelium and by anterior segment surgeons to 
maintain juxtaposition of Descemet’s membrane 
to the posterior corneal stroma. Gas in the eye 
may result in intraocular barotrauma during 
compression or a CRAO during decompression 
and is a contraindication to exposure to 
changes in ambient pressure (39). Intraocular 
gas bubbles expand even with the relatively 
small decreases in ambient pressure entailed in 
commercial air travel (40,41). This expansion 
causes an increase in intraocular pressure (40, 
42) and may cause sudden blindness at altitude 
due to a pressure-induced closure of the central 
retinal artery (40, 43). Jackman has shown that 
intraocular bubbles in the rabbit result in a 
dramatic decrease in intraocular pressure during 
compression followed by a marked increase in 
intraocular pressure upon return to 1 ATA as the 
bubble expands (44). 
 An important exception to the rule of 
intraocular gas bubbles as a contraindication to 
HBOT is bubbles that occur as a manifestation 
of decompression sickness. Recompression and 
HBOT should be undertaken in this instance 
with the expectation that the normal volume of 
the anterior chamber, posterior chamber, and 
vitreous prior to the formation of the bubble 
due to inert gas supersaturation will prevent 
compression barotrauma. Resolution of the 
intraocular bubbles and inert gas supersaturation 
during HBOT would oppose an expanding gas 
phase on decompression and a secondary rise 
in intraocular pressure.

 Another exception is the intraocular 
gas bubbles that occur with intraocular gas 
gangrene.  HBOT is recommended for this 
disorder as well, although the bubble dynamics 
during HBOT might well be different from 
those with inert gas supersaturation.

PRE-HBOT OCULAR EXAMINATION

 If emergent HBOT is indicated for an 
ocular indication, such as DCS, arterial gas 
embolism (AGE), or central retinal artery 
occlusion (CRAO), significant delays for 
ophthalmic consultation and detailed eye 
examinations may result in worsening of 
the patient’s clinical condition and are not 
indicated. Visual function should be quantified 
expeditiously while awaiting HBOT using 
rapid measures such as visual acuity charts, 
color vision plates, Amsler grids, near-vision 
cards, ability to read printed material, and 
confrontation visual fields. Some of these 
methods may also be used to follow visual 
function inside a multiplace chamber during 
HBOT, and some may be useful even through 
the window of a monoplace chamber. If 
ocular signs or symptoms are part of the 
indication for HBOT, an eye examination by an 
ophthalmologist should be conducted as soon 
as feasible after recompression. 

Documentation of ocular function 
prior to beginning HBOT therapy for a non-
emergent indication allows the hyperbaric 
physician to have better objective measures of 
ocular function so that any benefit of therapy 
can be documented and any adverse effects 
of HBOT on the eye, such as hyperoxic 
myopia, can be quantified  accurately. 
Whenever a patient is being considered for a 
prolonged course of HBOT, a pre-treatment 
eye examination is indicated. This exam 
should include documentation of corrected 
and uncorrected visual acuity, refraction, color 
vision, status of the crystalline lens, and fundus 
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examination. Automated visual perimetry 
(visual field examination) should be included 
for indications that include decreased vision as 
part of the condition. This examination should 
be repeated periodically when conducting 
repetitive HBOT.

RECOMMENDED OCULAR 
INDICATIONS FOR HBOT

 The authors recommend HBOT for the 
ocular disorders listed in this section. The list 
of recommended ocular indications for HBOT 
is summarized in Table 1.

 

 Decompression Sickness with Ocular  
 Signs or Symptoms

Decompression Sickness (DCS) results 
from gas bubble formation in the tissues 
of individuals who undergo a reduction in 
ambient pressure without adequate time to 
eliminate excess inert gas, thus causing gas 
bubbles in body tissues to form from the 
resulting supersaturation. Decompression 
stress also produces bubbles in the tear film 
and this phenomenon has been proposed as an 
alternative to Doppler ultrasound as a measure 
of decompression stress (45). 

DCS from either diving or altitude 
exposure may present with visual signs and/or 
symptoms such as blurred vision, scotomata, 
scintillations, diplopia, photophobia, visual 
field defects, optic neuropathy, branch retinal 

artery occlusion, and loss of vision (37, 46-
55).  Ocular symptoms may occur alone or in 
combination with other signs and symptoms. 
Rivera noted visual disturbances in 6.8% of 
DCS patients in his study of 935 cases and were 
the sole presenting symptom in 1.4% of cases 
(54). Visual symptoms have been reported to be 
the most common presentation of neurological 
DCS resulting from altitude exposures (52). 
The acute onset of visual or neurological signs 
or symptoms proximate to diving or hypobaric 
exposure is considered decompression sickness 
or arterial gas embolism and treated with 
recompression unless another explanation 
exists for these symptoms (lost contact lens, 
scopolamine reaction, etc) (37, 46, 49, 56). 

In a retrospective study of altitude-
related DCS with visual symptoms, a 97% 
resolution rate was achieved with HBOT 
administered by US Navy treatment tables 
(47). Two cases of DCS after altitude exposure 
in which optic neuritis-like symptoms (blurred 
vision, retro-orbital pain, and scotomata) were 
the only presenting complaints have been 
reported (46, 49).   In both cases, the patients 
underwent multiple HBOT treatments using 
USN Table 6 with eventual complete resolution 
of signs/symptoms.  

As noted previously, recompression 
delays for formal eye examinations in patients 
presenting acutely with DCS or AGE may result 
in worsening of patient’s clinical condition and 
are not indicated before the initial treatment. 
Recompression is indicated even if there has 
been a significant delay between the onset of 
symptoms and presentation, since untreated 
or partially treated DCS may worsen without 
HBOT. Neurological DCS, including visual 
symptoms, may benefit from HBOT even 
after a significant delay (46, 49, 57, 58). 
Additionally, neurological DCS rarely may 
continue to evolve even several weeks after the 
precipitating hypo or hyperbaric exposure if 
HBOT is not undertaken, further emphasizing 
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the importance of HBOT for DCS even when 
presentation is delayed (46, 49, 59). When 
HBOT is conducted for ocular manifestations 
of DCS, the authors recommend the treatment 
plans in the U.S. Navy Diving Manual to guide 
therapeutic decisions (56). DCS patients should 
receive normobaric oxygen at the highest 
possible inspired oxygen fraction until they are 
recompressed (56, 60). 
 Individuals with DCS or AGE who 
present with ocular signs or symptoms will 
require evaluations of their visual status while 
at depth during recompression to assess the 
adequacy of treatment and guide treatment 
decisions. Visual acuity should be measured with 
a near vision card (with refractive correction 
for age as appropriate). Color vision should be 
monitored with pseudo-isochromatic plates at 
depth and central visual field may be evaluated 
with Amsler grid testing. This indication for 
HBOT is approved by the Hyperbaric Oxygen 
Committee of the UHMS (28). 

 Arterial Gas Embolism with Visual   
 Signs or Symptoms

Arterial gas embolism (AGE) may 
result from a variety of mechanisms including 
diving-induced pulmonary barotrauma with 
introduction of gas bubbles into the pulmonary 
venous circulation, altitude exposure (61), the 
iatrogenic surgical introduction of gas (62-
65), and by breathing from a high pressure gas 
cylinder without benefit of a regulator(66, 67). 
Visual symptoms associated with AGE include 
monocular loss of vision (typically from 
CRAO), homonymous hemianopia, nystagmus, 
papilledema, and cortical blindness (37). In one 
report, ten of 91 cases of cerebral arterial gas 
embolism displayed visual abnormalities (36). 
Gorman reported a similar 11.2% of cases of 
AGE displaying visual signs or symptoms 
(68). 

The therapeutic benefit of HBOT in 
AGE is believed to result from one or more of 

the following effects: 1) mechanical reduction 
of the volume of the gas emboli; 2) reduction 
of the partial pressure of nitrogen in the blood, 
thereby increasing the resolution speed of the 
gas bubble; 3) increasing the oxygenation of 
hypoxic neural tissue; and 4) decreasing post-
embolic cerebral edema (69). 

Emergent HBOT as outlined in the 
U.S. Navy Diving Manual is recommended 
for AGE and has been shown to be effective 
in reversing the visual manifestations of AGE 
when undertaken promptly(66, 67).  Treatment 
for presumed AGE should be administered even 
when there are significant delays to treatment. 
AGE resulting from non-diving causes such as 
surgical procedures, mechanical ventilation, 
and central venous catheterization often 
experience delays in diagnosis and treatment, 
but may benefit from HBOT, even as much as 
15-60 hours after the embolic event (69, 70). 

Bove et al were among the first to note 
that treatment with 100% oxygen at 2.8 ATA may 
provide successful treatment for AGE without 
initial therapy at 6.0 ATA. Their patient (whose 
presentation included cortical blindness) was 
treated twice with USN Table 6 beginning seven 
hours after the onset of symptoms with gradual 
resolution of symptoms (70). Although previous 
guidelines called for immediate recompression 
of arterial gas embolism patients to 6 ATA (165 
FSW) for 30 minutes breathing air or nitrox, 
Bove’s case and subsequent animal studies (34) 
document the efficacy of HBOT at 60 FSW in 
treating AGE. Newer treatment guidelines do 
not call for recompression to 165 FSW unless 
oxygen breathing at 60 FSW does not produce 
substantial improvement by the end of the 
first 20-minute oxygen breathing period (56). 
This indication for HBOT is approved by the 
Hyperbaric Oxygen Committee of the UHMS 
(28). 
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 Central Retinal Artery Occlusion   
 (CRAO)

The outcome of arterial occlusive 
diseases of the retina depends on the vessel 
occluded as well as the degree and location 
of the occlusion. The type of occlusion 
(thrombosis, embolus, arteritis, or vasospasm) 
may also affect the outcome (71,72). The classic 
presentation of CRAO is sudden painless loss of 
vision in the range of light perception. Vision at 
the “no light perception” level usually indicates 
occlusion at the level of the ophthalmic artery 
with absence of blood flow to either the retinal 
or the choroidal circulation (1). On dilated 
fundoscopic exam, patients with CRAO will 
display a whitish appearance of the macula 
due to the opaque and edematous nerve fiber 
and ganglion cell layers. A cherry red spot may 
be present in the fovea, but this finding may 
be absent, especially with occlusion of the 
ophthalmic artery. Cilioretinal arteries are part 
of the ciliary (not retinal) arterial supply and 
supply the area of the retina around the macula 
(central vision area). If a cilioretinal artery is 
present, central vision may be preserved in 
the presence of a CRAO, but the peripheral 
visual fields are typically severely decreased. 
Intravenous fluorescein angiography (IVFA) 
shows non-filling of the occluded artery (Figure 
1).

In the largest published series of CRAO 
patients, Hayreh describes the outcome of this 
condition without HBOT. He found that patients 
with cilioretinal arteries had much better visual 
outcomes than those who did not. In patients 
without cilioretinal arteries, 80% had a final 
visual outcome of count fingers or less and 
only 1.5% of individuals obtained a final vision 
of 20/40 or better (71). Although recanalization 
eventually takes place after CRAO, (73, 74) in 
relatively few cases does this reperfusion lead to 
an improvement of vision, presumably because 
the retinal tissue has been irreversibly damaged 
during the ischemic period (73). The retina has 
the highest rate of oxygen consumption of any 
organ in the body at 13ml/100g/min and is 
therefore very sensitive to ischemia (75). 

Conventional treatment regimens 
for CRAO have been aimed at promoting 
downstream movement of the embolus by 
lowering intraocular pressure and producing 
vasodilatation. These measures include ocular 
massage, anterior chamber paracentesis, 
intraocular pressure-lowering medications, 
carbogen, and aspirin (1, 72, 73, 75).  These 
modalities have been largely unsuccessful 
(72, 73, 76). The American Academy of 
Ophthalmology Basic and Clinical Science 
Course states that “the efficacy of treatment 
is questionable” for CRAO (1). More recent 
treatment modalities include thrombolytic 
agents (77, 78) and surgical removal of the 
embolus or thrombus (79, 80).  Hayreh states 
that no current therapy is efficacious for CRAO 
(71).  Acute obstruction of the central retinal 
artery without HBOT typically results in severe, 
permanent visual loss (71, 73). 

Supplemental normobaric oxygen 
therapy may help reverse retinal ischemia in 
CRAO. In order to be effective, supplemental 
oxygen must be continued until retinal arterial 
blood flow has recovered sufficiently to 
maintain inner retinal function under normoxic 
conditions. If ischemia and cellular hypoxia Fig. 1. Central Retinal Artery Occlusion

Photo courtesy of Dr. Steve Chalfin
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have resulted in cell death of the inner layers 
of the retina, vision will not return when blood 
flow is re-established (81). 

Butler reported a patient who suffered 
acute loss of vision in his only seeing eye and 
presented approximately one hour after vision 
loss. His vision was 20/400 and he had fundus 
findings of CRAO. He was treated with oxygen 
administered by reservoir mask at 1ATA in the 
emergency department and his vision quickly 
improved to 20/25. After approximately 
5 minutes, the supplemental oxygen was 
discontinued, whereupon vision equally quickly 
returned to 20/400. This process was repeated 
several times to confirm the beneficial effect of 
the supplemental oxygen with the same results. 
The patient was hospitalized, anticoagulated, 
and maintained on supplemental oxygen for 
approximately 18 hours, after which time the 
central retinal artery presumably recanalized, 
because removal of the supplemental oxygen 
no longer caused a decrease in vision. He was 
discharged with a visual acuity of 20/25 in his 
only seeing eye (39). In similar cases, Patz 
reported improvement in two CRAO patients 
given oxygen at 1 ATA.  One patient received 
oxygen after a four-hour delay to therapy 
and improvement from 4/200 to 20/70 was 
maintained after supplemental oxygen therapy 
was discontinued 4 hours later. The second 
patient improved from no light perception to 
20/200 after a 90 minute treatment delay and 
maintained this improvement when oxygen 
was discontinued 3 hours later. In both patients, 
early discontinuation of oxygen was followed 
by deterioration of vision within minutes. 
Improved vision was restored when oxygen 
breathing was resumed shortly thereafter. This 
phenomenon was observed several times in 
both patients (5). 

The 1980 study of Augsberger and 
Magargal emphasized the importance of 
prompt oxygen treatment to a good outcome. 
They used paracentesis, ocular massage, 

carbogen, acetazolamide, and aspirin to treat 34 
consecutive cases of CRAO.  Twelve of the 34 
patients were successfully treated, with 7 of the 
12 being treated within 24 hours of symptom 
onset. The longest delay to treatment after 
which treatment was considered successful 
was 72 hours. The average delay to therapy 
in the patients with successful outcomes was 
21.1 hours, compared to 58.6 hours in those 
who did not improve.  Carbogen inhalation 
was conducted for 10 minutes every hour 
during waking hours and 10 minutes every 4 
hours at night and continued for 48-72 hours 
(82).  A CRAO patient treated at Duke 10 days 
after the onset of decreased vision did not have 
improvement of his hand-motion vision with 9 
sessions of HBOT at 2 ATA for 120 minutes each 
(personal communication – Dr. RE Moon).

Stone et al reported two patients with 
CRAO of greater than 6 hours duration treated 
with intermittent carbogen at 1 ATA, retrobulbar 
anesthesia, and anterior chamber paracentesis. 
The first patient had vision loss of 6 hours 
duration. His vision improved from hand motion 
to 20/20 on the above therapy, with carbogen 
administered for 10 minutes every hour. The 
second patient presented 8 hours after onset of 
visual loss and had improvement from finger 
counting to 20/25. Carbogen was administered 
10 minutes every hour for 48 hours (72). 

Carbon dioxide is added to oxygen 
in carbogen for its vasodilatory effect in an 
effort to counter hyperoxic vasoconstriction. 
If the mechanism of improved oxygenation 
to the retina is diffusion from the choroidal 
circulation, however, then the addition of CO2 
should not be required to improve oxygenation. 
Unlike retinal blood flow, choroidal blood flow 
is not significantly affected by changes in 
oxygen tension (3, 10). 

Another report described a patient with 
angiographically-documented obstruction of 
both the central retinal artery and temporal 
posterior ciliary artery (73). He presented 
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after 5 hours of visual loss with minimal light 
perception vision. In addition to ocular massage, 
anterior chamber paracentesis, timolol, and 
acetazolamide, he was given carbogen for 
10 minutes every hour around the clock. His 
vision did not improve significantly during his 
three days of hospitalization, but improved 
spontaneously approximately 96 hours after 
onset of vision loss. Vision in the affected eye 
was documented to be 20/30 one week after 
discharge. Although the authors of this report 
do not necessarily ascribe his recovery to any 
of the treatments, the role of supplemental 
oxygen in maintaining retinal viability until 
spontaneous recanalization occurred must be 
considered, since only rarely do patients with 
CRAO have spontaneous improvement in 
vision (73). 

Supplemental oxygen at 1ATA may 
not preserve retinal function in CRAO. 
This intervention did not reliably prevent 
inner retinal hypoxia in a rat model when 
the retinal circulation was occluded by laser 
photocoagulation (83). If normobaric oxygen 
does not restore vision in a CRAO patient, 
emergent HBOT should be considered. 
HBOT has been successful when normobaric 
hyperoxia has failed to restore vision in CRAO. 
Phillips reported a 71 year-old white female 
patient with CRAO in whom surface oxygen 
was ineffective in reversing “total vision loss” 
of approximately 2 hours duration (84).  The 
patient was then compressed to 2.8 ATA on a 
U.S. Navy Treatment Table 6. As she passed 15 
feet during her descent, light perception was 
restored and at the end of her first air break at 
2.8 ATA, she reported full return of vision. She 
was discharged with a visual acuity of 20/30 
in her only seeing eye. A 2+ afferent papillary 
defect noted prior to treatment had resolved 
after treatment (84). 

As with oxygen administration at 1 
ATA, HBOT must be started within the time 
that retinal tissue can still recover. There is 

a point beyond which ischemic tissue can no 
longer recover even if reperfusion occurs (3). 
Hayreh et al occluded the ophthalmic artery 
of rhesus monkeys for varying periods of 
time.  Retinas that went more than 105 minutes 
without blood flow showed permanent damage.  
If the duration of occlusion was less than 97 
minutes, the retinas recovered their normal 
function (85). Treatment of CRAO should be 
aimed at promptly supplying oxygen to the 
ischemic retina at a partial pressure sufficient to 
maintain inner retinal viability until restoration 
of central retinal artery blood flow occurs.

The literature includes cases in which 
patients with CRAO have regained significant 
vision even with treatment delays of up to 
two weeks (86) with the strongest evidence 
for symptomatic improvement in cases with 
less than 12 hours of delay (3,75, 87-89). 
In the clinical setting of CRAO, residual 
retinal arterial blood flow may be detected 
by fluorescein angiogram (74, 82). This may 
help to explain the great variability in visual 
outcome observed with different delays until 
treatment.  The studies by Hayreh that noted 
irreversible retinal damage after 105 minutes 
entailed complete occlusion of the ophthalmic 
artery, the most severe model of ocular vascular 
occlusion and one that may not be frequently 
encountered in the clinical setting. 

The treatment options for CRAO 
patients with symptom durations of several 
weeks or longer would be expected to provide 
a minimal chance of improvement, yet some 
patients have been reported to improve even 
after prolonged delays, although the details 
of the level of improvement are limited (90). 
Henderson and Slade reviewed the records of 16 
patients treated with HBOT for CRAO (2.0 ATA 
of oxygen 90 minutes twice daily for 2-3 days, 
then once daily until reaching clinical plateau. 
Eleven of the 16 showed improvement with 
HBOT. Four of the five patients who showed 
no improvement had a delay to presentation of 
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more than 24 hours (91). 
Hertzog et al. reported 17 patients 

with CRAO treated with HBOT. They divided 
patients retrospectively into 4 treatment groups 
based on the time from symptom onset to 
HBOT and noted that HBOT seemed useful in 
preserving visual function when applied within 
8 hours from the onset of visual impairment. 
These patients were treated with 105 minutes of 
oxygen at 2.0 ATA three times a day until they 
ceased to show improvement in visual acuity 
or for 3-4 days if no improvement occurred, 
receiving a mean of 29.3 hours of HBOT early 
in the study and 34.6 hours later in the study. 
The authors point out that the phrase “Time is 
Muscle” used in management of myocardial 
infarctions can be changed to “Time is Vision” 
in CRAO (75). Takeuchi reported a patient with 
central retinal artery occlusion occurring after a 
long surgical procedure to fuse the lumbar spine. 
Immediate treatment with urokinase, PGE1, 
stellate ganglion block, and HBOT resulted in 
improvement of the affected eye (92). 

Another paper demonstrated success 
in three cases of CRAO treated shortly after 
symptom onset. One patient treated 90 minutes 
after onset of visual loss had vision improve 
from light perception to counting fingers after 
the first 10 minutes of HBOT with subsequent 
improvement to 20/70 following five days of 
two 90-minute HBOT treatments at 2.5 ATA 
daily. Another presented 40 minutes after 
visual loss and improved from hand movement 
to 20/20 after 12 treatments at 2.5 ATA in 9 
days. A third patient presented 4 hours after the 
onset of symptoms with finger-counting vision. 
He received ten 90-minute HBOT treatments 
at 2.5 ATA with gradual improvement of visual 
acuity to the 20/30 level. A last patient who 
was treated with HBOT 6 hours after symptom 
onset showed no significant improvement in 
vision (89). 

In 2001, Beiran published a retrospective 
study of 35 patients treated with HBOT 

compared to 37 matched controls from another 
facility where the modality was not available 
(93). All patients were treated within 8 hours 
of symptom onset and none of the patients 
included in the trial had a cilioretinal artery. The 
patients in the HBOT group received 2.8 ATA of 
oxygen for 90 minutes twice a day for the first 
three days and then once daily until no further 
improvement was seen for 3 consecutive days. 
In the hyperbaric group, 82% of the patients 
improved compared to only 29.7% of patients 
in the control group. Improvement was defined 
as reading at least 3 lines better on Snellen 
chart compared to admission. The mean visual 
acuity for the HBOT group at discharge was 
20/70 (93). 

Reports that describe failure of HBOT 
in CRAO sometimes fail to even note the 
elapsed time from symptom onset to HBOT 
(17) and HBOT in these cases may have been 
started well after the window for successful 
treatment has passed. Miyake reported 53 
cases of CRAO and 19 branch retinal artery 
occlusions treated with HBOT over a 13 year 
period. He found no significant difference 
between time to treatment and response to 
HBOT; however, only 3 patients received 
HBOT within 24 hours of symptom onset, 
which places most of his patients outside the 
window in which improvement from HBOT is 
most likely to occur. Overall 44% of his patients 
showed improvement of at least 2 levels on the 
visual acuity scale after treatment with HBOT 
despite this delay to treatment. Unfortunately, 
no distinction was made between patients with 
cilioretinal arteries and those without (94). 

Failure of HBOT has been reported 
in one case of CRAO in which there was 
angiographic documentation of a complete 
obstruction of the involved ophthalmic artery. 
There must be an intact choroidal circulation 
for HBOT to reverse the vision loss in CRAO 
(95). 

The reports noted above document 
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that some patients with CRAO can be treated 
successfully with oxygen, either at 1 ATA or 
with HBOT. HBOT is a low-risk therapeutic 
option with demonstrated benefit in treating 
CRAO if treatment is begun before the retina 
suffers irreversible ischemic damage and there 
is an intact choroidal circulation. There are no 
alternative therapies with similarly favorable 
outcomes (71, 76, 96). 

The devastating vision loss of untreated 
CRAO calls for an aggressive approach to 
employing HBOT for this disorder. Triage 
personnel should be aware that sudden painless 
loss of vision of less than 24 hours duration is a 
medical emergency. Patients with documented 
or suspected CRAO of less than 24 hours 
duration should receive supplemental oxygen 
at the highest fraction attainable immediately 
(5, 39, 72, 73, 82, 97, 98). Emergent HBOT 
should be undertaken if this intervention is 
not rapidly effective in improving vision. The 
patient should be maintained on supplemental 
oxygen at the highest possible FIO2 until 
HBOT is begun, and then treated with the step-
wise protocol outlined in the “Emergent HBOT 
for Acute Vision Loss” (Treatment Algorithm, 
Figure 7, See Appendix 2, pg 381). Ocular 
massage and topical ocular hypotensive agents 
may be employed adjunctively. While there are 
some case reports of patients presenting after 
24 hours from onset of vision loss obtaining 
benefit from HBOT, the majority of cases do 
not respond when treated beyond this point (75, 
82, 88, 94, 97, 99).  This indication for HBOT 
has recently been approved by the Hyperbaric 
Oxygen Committee of the UHMS.

 Ocular and Periocular Gas Gangrene
 Clostridial gas gangrene (myonecrosis) 
is a rapidly progressive, life-threatening 
infection that may cause death within hours if 
not treated adequately. The use of HBOT for the 
treatment of anaerobic infections was pioneered 
by Brummelkamp and his colleagues (100). 

The rationale for HBOT in infections caused 
by obligate anaerobes with is clear and HBOT 
is standard adjunctive therapy for clostridial 
myonecrosis (101). 
 Gas gangrene may occur in the eye, 
the orbit, and the periocular tissues, although 
these sites of infection are uncommon. Gas 
gangrene panophthalmitis may occur following 
penetrating ocular injuries. Gas bubbles in the 
anterior chamber should alert the physician 
to consider this diagnosis (102-104). Other 
signs may include a red, painful eye, chemosis, 
coffee-colored discharge from the wound, and 
a corneal ring abcess (104, 105). The typical 
outcome from gas gangrene panophthalmitis is 
loss of the eye but recovery of the patient (103, 
104). 

Fielden has reported a case of gas 
gangrene panophthalmitis that was successfully 
treated with extensive surgical debridement, 
anti-microbial therapy, and HBOT (106). 
Bristow noted that gas gangrene panophthalmitis 
typically requires evisceration of the eye (as 
was done for this patient) or exenteration of the 
orbital contents. He used HBOT (3 ATA oxygen 
for 120 minutes x 6 sessions within the first 30 
hours postoperatively) in the patient described 
in his report because of evidence of spread of 
infection to the orbital and periocular tissues as 
well as systemic toxicity. 48 hours after starting 
HBOT, there was systemic improvement and 
the patient made a successful recovery (105). 
This indication for HBOT is approved by the 
Hyperbaric Oxygen Committee of the UHMS 
(28). 

 Cerebro-Rhino-Orbital Mucormycosis
Cerebro-rhino-orbital mucormycosis 

(CROM) and other necrotizing fungal infections 
are rare disorders associated with immune 
compromise, including poorly controlled 
diabetes mellitus. The inhalation of spores 
from the causative fungal organisms leads to 
infection of the palate, nose, orbit, or paranasal 
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sinuses. The fungus invades blood vessels, 
particularly arteries, resulting in thrombosis 
and infarction (107). 

The typical presentation of CROM is 
that of a patient with diabetes or other immune-
compromising condition who exhibits unilateral 
headache, facial pain, nasal stuffiness, facial 
and/or eyelid swelling, epistaxis, rhinorrhea 
with a granular or purulent discharge, and fever. 
Headache or facial pain out of proportion to 
radiographic findings is characteristic. Mental 
status changes may ensue (108). 

The first human case of mucormycosis 
with central nervous system involvement was 
reported by Paltauf in 1885 (108, 109), and the 
first cure was reported in 1955 (110). Extensive 
surgical debridement and amphotericin B 
treatment resulted in improvement in survival 
to approximately 50% (108, 111). CROM 
is currently treated with aggressive surgical 
debridement of the infected tissues, often 
including orbital exenteration, and amphotericin 
B. The benefit of HBOT is that it increases tissue 
oxygenation, thereby improving phagocytosis 
and augmenting the oxidative burst required 
for leukocyte microbial killing. HBOT also 
directly inhibits the growth of some fungi and 
corrects the acidosis that accompanies vascular 
invasion by the fungus (112, 113). 

HBOT has been reported as a helpful 
adjunct in halting the progression of orbital 
mucormycosis (107, 113-121). One report 
noted that aggressive use of amphotericin B 
combined with HBOT may spare the patient the 
need for radical orbital surgery (116). Another 
noted that treatment with amphotericin B for 
6 weeks had been unsuccessful and that the 
infection was not controlled until HBOT was 
added to the regimen (115). HBOT regimens 
used successfully for this disorder include 2 
ATA oxygen for 90 minutes a day for two weeks 
(107) and 3 ATA oxygen for 120 minutes per 
day (119). 

Other authors have disputed the efficacy 

of HBOT in CROM. One such report describes 
5 CROM patients treated without HBOT. Four 
of these five patients died, for an 80% mortality 
in this series (122). 

Couch reported the successful use of 
HBOT in two difficult patients with CROM. 
Both patients had significant cerebral extension 
of their disease and were deteriorating 
despite extensive surgical debridement and 
amphotericin B. The author note that this 
clinical picture is almost always associated 
with a fatal outcome. HBOT was begun (2.5 
ATA for 90 minutes daily for 6 days per week) 
for a total of 79 sessions in one patient and 85 
in the second patient. Both patients began to 
imrove clinically after HBOT was started and 
ultimately survived the infections. The authors 
note that HBOT was the only aspect of the 
care that had a temporal association with the 
beginning of clinical improvement (121). 

In the largest series of CROM patients 
published to date, the authors noted that of 
the 18 patients with bilateral CROM who 
were treated with surgery and amphotericin B 
without HBOT, only four survived. In contrast, 
5 of the 6 patients treated with surgery, 
amphotericin B, and HBOT (2 to 2.5 ATA O2 
for 90 to 120 minutes every 12 to 24 hours) 
survived (108). Yohai and his co-authors 
recommend that HBOT be considered as part 
of the initial therapy of CROM and continued 
until evidence of disease regression is noted. 
HBOT is most effective when the interval 
of from onset of symptoms to initiation of 
treatment is 6 days or less (108). Bitterman 
notes that although prospective randomized 
trials are lacking for the use of HBOT in this 
disorder, “the cumulative impression from the 
available literature, the high fatality rate in these 
conditions, the relative ease of application, and 
the low rate of adverse effects from HBOT all 
call for the use of HBOT in treating invasive 
fungal infections (112). 

HBOT may also be useful when a 
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CROM patient declines aggressive surgical 
debridement. Price reported such a patient and 
noted that death seemed imminent until HBOT 
was initiated (2 ATA O2 every 12 hours for 2 
days, then once a day for a total of 22 treatments). 
The authors noted that “The rapidity of 
progress of this disease process indicated near 
certain rapid demise of this patient.” After her 
course of HBOT, her condition stabilized and 
she subsequently recovered from her infection 
(111). 

This indication for HBOT is approved 
by the Hyperbaric Oxygen Committee of the 
UHMS (28). 

 Periocular Necrotizing Fasciitis
Group A streptococci, staphylococci, 

and other organisms may cause necrotizing soft-
tissue infections that progress to septic shock 
and multiple organ dysfunction syndrome. 
Approximately 1,000 cases of this disorder occur 
annually in the United States (123). A history of 
minor trauma is common, but may not always 
be present (124-126). The infection spreads 
along fascial planes and may cause necrosis of 
the overlying skin. Necrotizing fasciitis may 
have a mortality rate as high as 38% (127). 
The perineum and the lower extremities are 
the most commonly affected sites (32), but this 
disorder has been reported as a complication 
of incisional and laser blepharoplasty as well 
as periocular trauma (126, 128-130). Early 
recognition is key, followed by resuscitation, 
antibiotics and aggressive surgical exploration 
and debridement (32, 127). Treatment for 
periocular involvement with this disease may 
include exenteration of the orbital contents 
(131). 

The efficacy of adjunctive HBOT in 
treating necrotizing soft-tissue infections is 
supported by a large body of animal and clinical 
data (32, 101). HBOT has been reported to be 
a useful adjunct to intravenous antibiotics and 
surgical debridement in the management of 

periocular necrotizing fasciitis (32, 126-129). 
HBOT enhances bacterial killing capability 
in leukocytes, stimulates collagen formation, 
increases tissue oxygen levels, and increases 
the effectiveness of antibiotics administered 
(32, 101). 

Although some series have shown 
no advantage to using HBOT in necrotizing 
fasciitis, (132) a series of 17 necrotizing 
fasciitis patients treated with HBOT (2.5 ATA 
for 90 minutes for an average of 7.4 treatments) 
and 12 controls treated without HBOT noted 
mortality rates of 23% and 66% in the HBOT 
and control groups, respectively (123). Another 
report noted excellent success in 16 patients 
who received adjunctive HBOT at 2.8 to 3.0 
ATA for 90 minutes a day until no evidence of 
infection was seen at two consecutive wound 
revisions accomplished after every second 
HBOT treatment (127). HBOT 2 ATA for 120 
minutes daily for 7 days has been used with 
good results (126). 

A meta-analysis of series of necrotizing 
soft-tissue infections by Moon and colleagues 
supports the value of HBOT as an adjunct to 
surgery and antibiotics, with an overall increased 
survival rate in those patients receiving HBOT 
(101). HBOT treatments are administered 
at 2.5 to 3.0 ATA O2, usually for 90 minutes. 
Two to four treatments are usually given in the 
first 24 hours and then two treatments per day 
until the patient is clinically stable. A total of 
5-10 treatments are usually given for clostridial 
infections; more treatments are often given 
for mixed infections (101). This indication 
has been approved by the Hyperbaric Oxygen 
Committee of the UHMS (28). 

 Carbon Monoxide Poisoning with   
 Visual Sequelae

Carbon monoxide (CO) poisoning 
is initiated by CO binding reversibly with 
hemoglobin with an affinity over 200 times that 
of O2, thus displacing oxygen from hemoglobin 
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and causing tissue hypoxia (133). CO is the 
most common cause of poisoning worldwide 
and often results in persistent neuropathologic 
and cognitive sequelae (134-137).  Clinical 
symptoms may be caused by HbCO levels as 
low as 16%. A concentration of CO in air of 
0.4% raises the HbCO level to approximately 
30% and may cause death within an hour (134). 
Although an elevated carboxyhemoglobin level 
is a key factor in diagnosing CO poisoning, it 
does not predict the severity of clinical signs 
and symptoms (136). Additionally, CO levels 
measured in the hospital may be low as a 
result of elapsed time since the CO exposure 
was discontinued and the administration of 
supplemental oxygen during hospital transport 
(134).  

The most common signs and symptoms 
of CO poisoning are non-specific and include 
headache, dizziness, confusion, nausea, 
vomiting, and coma (134, 136, 138). Visual 
loss may also be part of the spectrum of 
neurological signs and symptoms in patients 
suffering from CO poisoning (33, 133, 139, 
140). Ocular manifestations may begin days 
after the CO exposure (139) and include 
optic neuropathy (141), venous engorgement 
and peripapillary hemorrhages (142), nerve 
fiber layer hemorrhages, cortical blindness 
(141), paracentral scotomas, homonymous 
hemianopias (142), visual field constriction, 
optic neuritis, extraocular muscle palsies, 
nystagmus, and pupillary abnormalities 
(143). A syndrome that resembles the hypoxic 
retinopathy of altitude with swollen disks, 
retinal venous tortuousity and engorgement, 
increased retinal blood flow, flame-shaped 
and round retinal hemorrhages and cotton-
wool exudates has been reported (6, 7, 140, 
142, 143). One paper notes that “the earliest 
and most constant sign of carbon monoxide 
intoxication is congestion of the retinal veins 
and hyperemia of the optic disk (142).” 
Retinal hemorrhages are commonly found in 

CO poisoning when fundus examinations are 
consistently performed (140). Kelley noted 
that all five of the CO poisoning patients in a 
case series who had been exposed to CO for 
more than 12 hours had retinal nerve fiber layer 
hemorrhages (138). Visual signs and symptoms 
are often discovered after arousal from coma, 
but blindness without antecedent coma is also 
reported (142). 

Delayed and recurrent symptoms 
are common in this disorder. HBOT may be 
effective even when started a few days after 
the exposure (139). Weaver and colleagues 
found that 3 HBOT treatments in the first 24 
hours reduced cognitive sequelae from 46% 
to 25% compared to the normobaric oxygen 
control group (33). Risk factors for cognitive 
sequelae include age greater than 36 years and 
carboxyhemoglobin levels greater than 25% 
(144). 

When available, HBOT is preferred for 
the treatment of CO poisoning over normobaric 
oxygen (33, 134, 139, 145), although there is 
still some disagreement (146). HBOT helps 
eliminate carboxyhemoglobin, sustains cerebral 
metabolism, and reduces cerebral edema (133). 
HBOT has been reported as a useful adjunct 
in treating visual loss as a late complication of 
carbon monoxide poisoning (139). The optimal 
HBOT treatment regimen for CO poisoning has 
not been well defined (33, 134, 135), but the 
benchmark is three HBOT sessions in 24 hours 
as in the Weaver study (33). This indication for 
HBOT has been approved by the Hyperbaric 
Oxygen Committee of the UHMS (28). 

 Radiation Optic Neuropathy
Radiation optic neuropathy (RON) is 

an uncommon but devastating complication 
of radiation therapy involving the visual 
pathways. RON results from ischemia of the 
optic nerve caused by occlusive obstruction 
of the arteries supplying the optic nerve head 
and the retrolaminar aspect of the nerve (147). 
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The radiation that causes RON is delivered to 
the ocular or periocular area, typically to treat 
tumors of the choroid, retina, orbit, paranasal 
sinuses, cranial fossa, nasopharynx, or hard 
palate (147, 148). RON is usually seen only 
after the cumulative total dose of radiation has 
exceeded 50Gy or after single doses of radiation 
to the visual tissues of 10 Gy or greater (149). 
Preventive strategies to minimize this disorder 
include using dose fractionation of 1.8Gy to a 
dose of around 45Gy (150). 

The onset of RON is typically delayed 
for a period of months to years after the 
completion of radiotherapy. The usual delay 
to onset of RON is 12-18 months with 90% of 
cases occurring within 3 years of radiation (149, 
151). Exactly why the optic nerve radionecrosis 
is delayed is not precisely understood, but it 
may be that it results from the target cells being 
the replicating glial cells and the vascular 
endothelial cells, both of which have a slow 
cellular turnover rate (152). 

When evaluating visual loss after 
cranial irradiation, four possibilities should be 
considered: 1) recurrence of tumor; 2) empty 
sella syndrome; 3) radiation-induced tumor; and 
4) RON (153).  Late-onset RON is characterized 
clinically by vision loss, vasculitis, and optic 
disc pallor. The etiology of visual loss in 
this entity is an occlusive vasculitis (154). 
Histopathology shows necrosis, exudates, 
ischemic demyelination, and an obliterative 
endarteritis (148, 151, 155). Posterior optic 
neuropathy characterized by visual loss with a 
normal appearance of the optic nerve initially 
is also a common presentation (152, 156). 

RON typically results in blindness 
(148). The second eye is often affected shortly 
after the first, but RON in the second eye may 
be delayed for months after the first (149, 152). 
Spontaneous improvement or recovery after 
RON is rare (149). Final vision is no light 
perception in 45% of affected eyes and worse 
than 20/200 in another 40% (152). Borruat 

reported that 120 patients not treated with HBOT 
had no spontaneous visual recovery, whereas 
two of five patients treated with HBOT one 
day and three weeks after onset had a marked 
visual recovery. The author recommended a 
regimen of thirty 90-minute sessions at 2.4 
ATA and that therapy be initiated as soon as 
possible after the onset of visual loss. He also 
noted that HBOT at 2.4 ATA was more effective 
than therapy at 2.0 ATA (154). The same author 
also reported full visual recovery in the more 
recently affected eye of an RON patient treated 
promptly (within 2 days) with HBOT (2.4 ATA 
O2 for 90 min with 10-minute air breaks at 30 
and 60 minutes) twice a day for 2 days, then 5 
to 6 times per week for a total of 35 sessions. 
Three weeks after completion of HBOT, vision 
in the right eye was 20/20; vision in the other 
eye, which had been treated without HBOT 
at its onset of RON 15 days earlier, was light 
perception only, illustrating dramatically the 
importance of prompt initiation of HBOT for 
this disorder (151). 

At first glance, outcomes appear to vary 
widely from the use of HBOT in the treatment 
of RON, but the delay from the onset of visual 
complaints until treatment, as well as treatment 
pressure must be taken into consideration in 
evaluating these reports. Roden et al reported 
no benefit of HBOT at 2.0 atm in 13 patients 
whose delay to treatment was 2 to 12 weeks. 
Nineteen of the 26 eyes in this study were noted 
to have disk pallor by the time the patients were 
referred for evaluation (157). 

In contrast, Guy and Schatz noted that 
two patients who had HBOT for RON started 
within 72 hours of visual loss had a significant 
improvement in vision. Vision improved from 
20/50 to 20/20 in one patient and from count 
fingers to 20/40 in the other. HBOT treatment 
regimen was at 2.8 ATA for 90 minutes once 
daily x 14 days. 155 The authors emphasize that 
treatment should be initiated within 48 hours 
and continued for a full 14 days after restoration 
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of vision. One of their two patients reported 
above failed to complete the recommended 
number of HBOT sessions and suffered a 
subsequent decrease in vision from 20/40 to 
20/300. Two other patients whose HBOT was 
delayed until two and six weeks after the onset 
of symptoms had no improvement in their 
vision (155, 158). Garrott also stresses the 
importance of beginning HBOT within 2 days 
for RON (156). 

Another paper notes that therapy 
with HBOT has to be initiated soon after the 
onset of visual loss to be effective. This paper 
recommends that HBOT for RON be limited to 
patients whose symptoms have begun recently 
and in whom optic nerve pallor has not yet 
developed. The authors also note that HBOT 
should be administered at a pressure of at least 
2.4 ATA (159). 

Boschetti reported a patient with 
RON that occurred more than 4 years after 
her radiation therapy that did not respond to 
steroids and was successfully treated with 
HBOT. Vision in the left eye had already been 
completely lost (no light perception) from RON 
and the right eye was rapidly deteriorating 
despite the steroid therapy. HBOT was initiated 
“promptly” for the right eye (exact duration of 
symptoms not mentioned) with a subsequent 
marked improvement in the visual field of that 
eye after 15 days of HBOT (2.2 ATA O2 for 75 
minutes 5 days per week). The author notes that 
HBOT, though still controversial, seems more 
promising than any other form of treatment. 
160 Other authors have noted that HBOT was 
effective in stopping the progression of visual 
loss in patients treated several months after 
symptom onset. One patient was reported to 
have stabilization of declining vision after a 14-
week delay. The HBOT regimen for this patient 
was at 2.0 - 2.23 ATA for 60 minutes daily for 
five weeks (161). 

A 63 year-old woman treated with 
brachytherapy for a choroidal melanoma located 

just under the macula in the left eye developed 
visual loss to the finger-counting level four 
years after her radiation therapy. Fundus 
examination revealed both radiation retinopathy 
and optic neuropathy in the affected eye. Her 
visual field was severely affected. She received 
HBOT (2 ATA for 120 minutes x 20 sessions). 
Two months after treatment, the patient noted 
marked visual improvement. Although her 
visual acuity did not change significantly from 
that immediately after treatment for her macular 
lesion, her visual field markedly improved. The 
time from onset of symptoms to HBOT was not 
mentioned (162). 

RON can occur even after stereotactic 
radiosurgery despite the lower dose of radiation 
to the optic nerves with this technique. One 
patient with RON after this procedure suffered 
visual loss from RON that began 16 months 
after radiotherapy. HBOT undertaken 6 weeks 
after the onset of RON was not effective in 
reversing this patient’s visual loss (163). 

There is no other effective treatment 
for RON at present (155, 164). Lessell in his 
review of RON states that heparin, warfarin, 
and corticosteroids are ineffective and that 
HBOT therapy offers more promise than the 
alternatives (149). HBOT is often used in 
conjunction with high-dose corticosteroid 
therapy (151, 154, 156, 160, 161) and, less 
commonly, anticoagulation(156, 165). A recent 
review of RON has noted that both steroids 
and anticoagulation have been unsuccessful in 
treating RON (159). Miller states that steroids 
and anticoagulation are ineffective in treating 
RON; he also notes the mixed success reported 
by other authors with HBOT and describes 
one of his patients who had lost vision from 
RON in one eye and had MRI findings 
consistent with early RON in his fellow eye, 
despite normal visual function and appearance. 
HBOT was administered according to the 
protocol described above by Borruat, but was 
unsuccessful in preventing the development 
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of clinical RON in the other eye. The patient 
eventually lost all useful vision in both eyes 
(152). 

The anti-VEGF agent bevacizumab 
(Avastin) and the prodrug angiotensin-
converting enzyme inhibitor ramipiril have 
shown some promise as emerging treatment 
options for RON,(148, 164, 166) but their place 
in the management of this disorder remains to 
be defined.

Feldmeier and Hampson in their 
extensive review of the use of HBOT for delayed 
radiation injury state that the published evidence 
supports this indication and recommend the use 
of HBOT for this group of clinical disorders 
(167). The Hyperbaric Oxygen Committee of 
the UHMS has approved treatment of RON 
under the heading of soft tissue radionecrosis 
(28). 
 
 Periorbital Reconstructive Surgery
 Gonnering described six patients with 
challenging periorbital reconstructive surgery 
who had favorable results from adjunctive 
HBOT (2.0 ATA for 120 minutes twice a day 
for 4-5 days). Indications were primarily 
failing periocular skin flaps and grafts(168). 
This indication for HBOT has been approved 
by the Hyperbaric Oxygen Committee of the 
UHMS (28). 

 Scleral Necrosis
 Pterygium is an actinic condition in 
which an area of fibrotic tissue extends from 
the conjunctiva onto the cornea. The disorder 
is often progressive and may cause ocular 
discomfort, cosmetic issues, and interference 
with vision if it extends into the visual axis. 
Pterygium surgery has a recurrence rate as 
high as 46% unless preventive measures are 
incorporated into the surgical excision (169). 
Preventive measures include beta irradiation, 
cauterization, topical steroids, thiotepa, 
mitomycin-C, and conjunctival autograft 

(170). Irradiation may result in a small-vessel 
obliterative endarteritis followed by tissue 
ischemia and fibrosis. Scleral necrosis is a 
potentially blinding complication of both beta 
irradiation and mitomycin-C therapy, since the 
necrosis may lead to perforation of the globe 
and endophthalmitis with devastating visual 
consequences.

Adjunctive HBOT has been shown 
to reverse this process. One paper reported a 
patient who developed severe scleral necrosis 
following pterygium surgery and beta radiation 
and who was not responding to conventional 
therapy that included topical antibiotics, topical 
steroids, lubricants, and patching. HBOT (2 ATA 
for 90 minutes daily x 14 days) was employed 
and resulted in marked improvement, first noted 
after four treatments. The patient went on to 
make a complete recovery (171).  Mitomycin-C 
may also induce a similar condition and another 
case report noted that a patient who developed 
scleral necrosis after mitomycin-C and had 
likewise deteriorated on conventional therapy 
was given HBOT (2.5 ATA for 90 minutes daily 
x 24 days) made a remarkable recovery with 
improvement noted after day 5 (170). 

Radiation-induced scleral necrosis 
indication for HBOT has been approved by the 
Hyperbaric Oxygen Committee of the UHMS 
under the soft tissue radionecrosis heading. 
Mitomycin C-induced scleral necrosis is not 
currently addressed in the HBO Committee 
report (28). 

 Potential Ocular Indications for   
 HBOT

This section reviews ocular indications 
for HBOT for which a strong physiological 
basis exists and/or for which examples have 
been published documenting HBOT effects 
in managing these disorders. None of the 
indications for HBOT in this section have been 
approved by the Hyperbaric Oxygen Committee 
of the UHMS at the time of publication (28) 
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and better evidence defining the role of HBOT 
is needed in these disorders. As noted earlier, 
although rapid return of vision is a valuable 
indicator of efficacy when treating ocular 
disorders with HBOT, the failure of vision to 
normalize rapidly does not necessarily indicate 
a lack of success, especially in disorders such as 
central retinal vein occlusion and branch retinal 
vein occlusion, where macular hemorrhage 
may prevent immediate return of vision. The 
list of potential ocular indications for HBOT is 
given in Table 2.

Ischemic Optic Neuropathy
Non-arteritic ischemic optic neuropathy 

(NAION) is one of the most widespread 
visually disabling diseases in the middle-aged 
and elderly population (172-174). It typically 
presents as acute unilateral vision loss in 
patients over 50 years of age. It is characterized 
by optic disk edema (Figure 2), disk margin 
hemorrhages, and altitudinal visual field loss 
in which the inferior field is preferentially 
affected. This pattern of injury is related to the 
blood supply to the laminar and retrolaminar 
optic nerve, which is derived from the short 
posterior ciliary arteries via the circle of Haller 
and Zinn, which also has contributions from 

the choroidal vessels (174). Most of the blood 
supply for the prelaminar region of the optic 
nerve head comes from the short posterior 
ciliary arteries rather than the peripapillary 
choroid (174). NAION typically results from 
perfusion insufficiency in the short posterior 
ciliary arteries leading to infarction of the 
retrolaminar portion of the optic nerve.

Risk factors for NAION include 
hypertension, diabetes, nocturnal hypotension, 
and a small-cup-to-disc ratio (175). It has 
also been associated with the use of erectile 
dysfunction medications (176). The fellow 
eye of NAION patients is often sequentially 
affected. Involvement of the second eye 
occurs within 3 years in approximately 43% 
of NAION patients. Treatments employed 
for NAION have included optic nerve sheath 
decompression, high-dose steroids, levodopa, 
carbidopa, and neuroprotective agents, without 
any modalities being reliably effective to date 
(173, 175, 177). 
 The potential for oxygenation of the 
optic nerve from choroidal branches of the 
Circle of Haller and Zinn offers a theoretical 
basis for the use of HBOT in NAION. 
Reducing intra-axonal optic nerve ischemia 

Fig. 2. Anterior Ischemic Optic Neuropathy
Photo courtesy of Dr. Steve Chalfin

http://archive.rubicon-foundation.org



UHM 2008, Vol. 35, No. 5 – HBOT and the Eye.

347

and its resultant edema may interrupt the cycle 
of microvascular compromise that is thought 
to occur within the structurally crowded optic 
disks of patients with NAION (177). 

One study reported two NAION 
patients treated with HBOT (2 ATA for 90 
minutes once a day for 18 sessions) and noted 
improvement in both vision and visual field 
(178). HBOT was undertaken 3-5 months 
after the onset of symptoms. The same author 
had previously published a case series that 
documented the results of HBOT (2.8 ATA 
for 60 minutes twice a day for the first three 
patients, then 2.0 ATA for 90 min daily for 
the remaining patients for a total of 14-30 
sessions) in 9 patients with NAION who had 
previously been unsuccessfully treated with 
steroids. He noted that four patients with 
optic disc atrophy (a sign of long-standing 
disease) had no improvement with HBOT 
while 5 other patients without optic atrophy 
had marked improvement in visual acuity 
and/or visual field at six-month follow-up. 
The time between the onset of symptoms and 
the initial HBOT session ranged from 21 to 
84 days (179). A third study from the same 
first author documented a series of 21 patients 
(with some overlap from the previous papers) 
in which 11 control patients were treated 
with corticosteroids, while the study group 
received steroids but also got HBOT (2.8 ATA 
for 60 minutes twice a day for the first three 
patients, then 2.0 ATA for 90 minutes daily 
for the remaining patients for 14-30 sessions). 
The time between the onset of symptoms and 
the initial HBOT session ranged from 7 to 84 
days. Six of ten HBOT patients experienced a 
marked improvement in visual function, and 
all but one of these patients had persistent 
benefit at 6-month follow-up. The authors note 
that spontaneous improvement in NAION is 
unusual. Patients with optic atrophy obtained
no benefit from HBOT, while those in whom 

 optic atrophy was not evident did improve 

(180). 
HBOT was used in a 66 year-old woman 

who presented with a 4-day loss of vision in 
the right eye.  Presenting vision was finger-
counting in that eye. She had lost vision in her 
left eye 3 months previously from an episode 
of NAION. Fundus examination showed the 
disk edema and disk margin hemorrhages of 
NAION. She was treated with HBOT (2.5 ATA 
for 90 minutes x 5 sessions). Vision improved 
from finger counting to 6/24 after the second 
session. No further improvement in vision was 
observed in the 3 subsequent HBOT sessions, 
but this improvement remained stable over one 
year of follow-up. The authors note that: 1) 
visual acuity OD before treatment was declining 
and that this decline stopped and vision began 
to improve immediately after starting HBOT; 2) 
final vision was better in the treated eye than in 
the untreated eye; and 3) the patient was legally 
blind when she entered the chamber, but was 
not when she left (181).

Arnold reported that 22 eyes of 20 
patients with NAION treated with HBOT (2.0 
ATA for 90 minutes twice a day for 10 days) 
showed no benefit compared to 27 untreated 
controls. Patients were included in this study if 
they presented within 21 days after their onset 
of visual loss. The authors’ earliest treatment 
break-out group in these studies was 9 days or 
less from onset of symptoms and they noted 
that treatment initiated within 72 hours might 
have been more effective (177, 182). 
 Arterial hypotension associated with 
blood loss during surgery and hemodialysis 
may also cause ischemic optic neuropathy. 
Hemodialysis is occasionally associated with 
dramatic unilateral or bilateral visual loss 
(183, 184). The etiology of the visual loss in 
hemodialysis is believed to be hypotension-
induced NAION, (184-186) but other etiologies 
for visual loss in this setting include cerebral 
infarction (184), Purtscher’s type retinopathy 
(187), and posterior ischemic optic neuropathy 
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(186). HBOT has been associated with immediate 
and dramatic return of vision to baseline in a 
patient who suffered bilateral blindness during 
hemodialysis. The authors emphasize that early 
HBOT should be considered for acute visual 
loss during or immediately after hemodialysis 
(183). 

Fifteen percent of individuals with 
NAION have been reported to suffer an attack 
on NAION in the fellow eye during 5-year 
follow-up (188). Because of the significant 
potential for NAION to occur in the second eyes 
of individuals who have already lost vision in 
the first eye due to this disorder, these patients 
should be warned to be alert for any decrease 
in vision in the second eye so that they can seek 
medical attention promptly and HBOT can be 
employed in an effort to prevent permanent 
vision loss. 
 Arteritic ischemic optic neuropathy 
(AION) is a related disorder characterized by 
ischemic damage to the optic nerve associated 
with giant cell arteritis. The visual loss in this 
disorder is typically more severe and immediate 
treatment with high-dose systemic steroids is 
required to prevent a high percentage of vision 
loss from occurring in the fellow eye shortly 
after the index eye (189, 190). Long term 
tapering and maintenance steroid administration 
is required to prevent recurrence(189). No 
reports were found of HBOT being employed 
in AION, but there is a theoretical rationale for 
treating this type of ischemic optic neuropathy 
as well.

 Ischemic Central Retinal Vein   
 Occlusion

Central retinal vein occlusion (CRVO) 
is a relatively common cause of visual loss. 
Ischemic CRVO with neovascular glaucoma is 
the most common cause of surgical removal of 
the eye in North America (191). Risk factors 
for this disorder include glaucoma, older age, 
male gender, systemic vascular disorders, and 

hyperviscosity syndromes such as multiple 
myeloma (192). CRVO may also be seen, 
however, in young adults with no known 
systemic disease or ocular problems(193). The 
hallmarks of CRVO are four-quadrant retinal 
hemorrhage and distended retinal veins (Figure 
3). An afferent pupillary defect and severe 
vision loss are typical of the ischemic variety 
of CRVO.

Vision loss in CRVO may result from 
macular ischemia, the development of persistent 
macular edema, and neovascular glaucoma 
(194). A complicating factor in discussing 
treatment for CRVO is the need to determine 
whether one is dealing with ischemic or non-
ischemic CRVO. Making this determination 
may be a clinical challenge, but is crucial 
because the two entities have different natural 
histories and outcomes. Nonischemic CRVO 
does not cause neovascularization and typically 
has a more benign course, with final visual acuity 
dependent primarily on the presence and degree 
of macular edema. Two-thirds of patients with 
non-ischemic CRVO have final visual acuities 
of 20/40 or better with no treatment. Some 
eyes with non-ischemic CRVO, however, may 
progress to ischemic CRVO (192, 195). 54% 
of initially non-ischemic CRVO eyes were 

Fig. 3. Central Retinal Vein Occlusion
Photo courtesy of Dr. Steve Chalfin
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reported in one paper to subsequently develop 
retinal ischemia (192). With ischemic CRVO, 
there is permanent ischemic damage to the 
macular ganglion cells, so there is little chance 
of improvement in visual acuity (195). There 
is also a significant risk of anterior segment 
neovascularization, with neovascular glaucoma 
resulting in 40-50% of cases. 195 Differentiation 
between ischemic and non-ischemic CRVO 
may be more difficult than the application of 
the commonly used criteria of 10 disk diameters 
of retinal non-perfusion on IVFA (195). The 
degree of macular ischemia has been found to be 
a more significant factor affecting the outcome 
of retinal venous occlusion than macular 
edema (196). It is important to differentiate 
ischemic from non-ischemic CRVO when 
considering invasive therapies such as radial 
optic neurotomy (197). 

The pathophysiology of CRVO is 
different in several important respects from 
CRAO. First, the obstruction of the CRV is 
chronic and is not characterized by the relatively 
early recanalization and restoration of blood 
flow seen in CRAO. Hayreh notes: “In both 
types of CRVO, the retinopathy spontaneously 
resolves after a variable period. There is marked 
inter-individual variation in the time that it 
takes to resolve; it is usually faster in younger 
than older people (195).” Secondly, the tissue 
hypoxia produced by CRVO often does not lead 
to rapid retinal cell death, as CRAO does. This 
allows the ischemic retinal cells to produce the 
vascular endothelial growth factors responsible 
for the neovascularization that is a feature of 
CRVO, but not typically CRAO. Third, the non-
ischemic version of CRVO does not produce 
macular ganglion cell death, but causes visual 
loss through macular edema. 
 The natural history of CRVO has 
been described by the CRVO Study Group. 
Visual acuity outcome was found to be largely 
dependent on visual acuity at presentation, with 
65% of individuals presenting with VA 20/40 

or better maintaining that level of acuity for 
the 3-year follow-up period. Individuals with 
vision 20/200 or less had an 80% chance of 
having vision at that level or worse at the end 
of the study. Patients with intermediate levels 
of visual acuity on presentation had a more 
variable outcome (198). This paper also noted 
that one-third of eyes that were initially non-
ischemic CRVOs converted to ischemia in the 
course of the study.

Multiple interventions have been 
proposed for CRVO. Therapy is often aimed at 
preventing or reversing the neovascularization 
that can result in glaucoma, chronic eye pain, 
and loss of the eye (198). One study postulated 
that CRVO constitutes a neurovascular 
compartment syndrome at the site of the 
lamina cribosa and proposed relieving this 
pressure by performing a radial incision at the 
nasal part of the optic nerve head. The authors 
subsequently did 107 radial optic neurotomies 
and found that the majority of patients showed 
rapid normalization of the morphologic fundus 
findings, with an improvement in visual acuity. 
The authors noted that surgery performed more 
than 90 days after the occlusion produced little 
improvement (199). Another paper studying 
this technique in 5 patients produced less 
successful results (200). 

Other reports on the therapeutic 
options for CRVO have been less encouraging, 
especially with regard to reversing vision loss. 
Treatments employed in the management 
of CRVO have included anticoagulants, 
fibrinolytics, intravitreal corticosteroids, 
acetazolamide, isovolemic hemodilution, anti-
vascular endothelial growth and angiostatic 
agents, panretinal photocoagulation (PRP), 
grid pattern photocoagulation, laser-induced 
chorioretinal anastamosis, and endovascular 
thrombolysis (194, 201-204). There have been 
several reports of success in treating CRVO 
with low-molecular weight heparin (205) and 
the anti-VEGF agent bevacizumab (191,206). 
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None of the interventions described 
above will be useful in restoring vision if the 
retinal cells have already been irreversibly 
damaged by hypoxia prior to therapy. The 
primary benefit of HBOT in ischemic CRVO, 
then, would be to maintain retinal viability while 
interventions to restore normal retinal venous 
outflow are accomplished or spontaneous 
resumption of flow occurs, although the longer 
period required for spontaneous resumption of 
venous flow makes waiting for spontaneous 
resolution of the impaired retinal blood flow a 
more problematic choice than in CRAO. 

Can HBOT reverse the acute retinal 
ischemia seen in ischemic CRVO? A recent 
case report described a 43 year-old male with 
CRVO OS. Onset of symptoms was two days 
before presentation. The authors describe the 
case as an ischemic CRVO with macular edema 
and retinal hemorrhages, although visual fields 
were reported to be normal. He was treated 
with HBOT at 2.4 ATA for 90 minutes on 
the day of presentation. Vision improved in 
the affected eye from 20/200 to 20/30 after 
the first two HBOT treatments. Vision was 
reported to gradually deteriorate in the time 
period after HBOT and then to improve again 
with the next treatment. This observation is an 
important one because it suggests that the acute 
administration of HBOT can reverse the retinal 
cell hypoxia caused by the venous infarct of 
CRVO, presumably because of the ability 
of oxygen to diffuse into the retina from the 
anatomically distinct choroidal circulation that 
is not affected by the retinal venous occlusion. 
Daily HBOT was continued for 30 treatments 
then decreased to 2-3 treatments per week for 
a total of 60 treatments. Final visual acuity 
was 20/20 in the affected eye, a remarkable 
outcome for ischemic CRVO (207). Another 
report was of a USAF aircraft navigator who 
presented with a non-ischemic CRVO that 
progressed to an ischemic CRVO. He was 
treated with HBOT early in the course of his 

disease with return of vision to normal. His 
vision was reported as 20/17 two years later 
(208). Less favorable results using HBOT to 
treat CRVO were reported by Miyamoto, but 
there was no information available about the 
interval after onset of the CRVO before HBOT 
was undertaken in those two studies (196, 
209). Gismondi and colleagues reported the 
use of HBOT to manage CRVO in 3 patients 
and concluded that it was a useful treatment 
modality for this disorder (210). HBOT has 
been mentioned as one of the major therapeutic 
options in managing CRVO (211). 
 In summary, there is a strong rationale 
for HBOT in managing ischemic CRVO and 
there are case reports documenting success with 
this treatment modality. As with CRAO, there is 
likely a window of opportunity beyond which 
HBOT is less effective, but this window is not 
well-defined. HBOT may be most effective 
when used with other measures designed to 
expedite the restoration of venous outflow. The 
optimum HBOT treatment regimen for CRVO 
is not well defined, but both reversal of acute 
macular ischemia and prevention of neovascular 
complications from chronic retinal hypoxia 
should be considered. Outcome measures that 
should be considered in HBOT for ischemic 
CRVO should include as a minimum visual 
acuity, visual fields, and the impact of HBOT 
on the development of neovascularization and 
neovascular glaucoma. Although rapid return 
of vision is a valuable indicator of efficacy 
when treating ocular disorders with HBOT, 
the failure of vision to normalize rapidly does 
not necessarily indicate a lack of success. This 
is especially true in disorders such as CRVO, 
where macular hemorrhage may prevent 
immediate return of vision. If HBOT is effective 
in preventing hypoxic cell death, vision may 
improve when the hemorrhage resolves, as has 
been reported in the hypoxic vasculopathy of 
high-altitude retinal hemorrhages (212). 

The role of HBOT in non-ischemic 
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CRVO is less clear, especially in view of the 
more favorable visual prospects in this entity 
even when untreated. A 57 year-old male 
with non-ischemic CRVO was treated with 20 
sessions of HBOT (2 ATA for 120 minutes) 30 
days after the onset of symptoms. After 6 HBOT 
treatments, his vision improved from 20/250 
(20/64 with pinhole) to 20/125-2 (pinhole 
20/40). There was no further improvement 
during the remainder of his HBOT treatments. 
(Personal communication Dr. RE Moon).

 Branch Retinal Artery Occlusion with  
 Central Vision Loss
 The presentation of branch retinal 
artery occlusion (BRAO) is more variable than 
that of CRAO. If the occluded artery does not 
supply the central or paracentral visual areas, 
the occlusion may be clinically silent. 24 of 30 
patients with BRAO in one report had visual 
acuities of 20/40 or better (213). Another study 
noted that almost 90% of 201 patients with 
BRAO had visual acuities of 20/40 or better 
(214). Even when visual acuity is not affected, 
however, there is typically a permanent visual 
field defect in the area served by the infarcted 
retina (1). Neovascular complications of 
BRAO are unusual but do occur (215). BRAO 
is seen on ophthalmoscopy as a localized area 
of whitish opacified retina, although this may 
develop over the course of hours to days (1). 
The embolus causing the BRAO may be visible 
on examination.
 Vision loss in BRAO may occasionally 
be severe. Mason reported five patients with 
BRAO and severe loss of central vision. He 
used transluminal neodymium:YAG embolysis 
to disrupt the embolus and restore flow. All 5 
patients had visual acuities ranging from 20/25 
to 20/40 the first day after the procedure (216). 
 If vision loss is severe, HBOT may 
also have a role in the management of this 
disorder, with many of the same considerations 
that apply to CRAO. HBOT must be given 

before the affected retina has been irreversibly 
damaged to have any beneficial effect. A 67 
year-old woman with rheumatoid arthritis 
presented with decreased vision in both eyes 
for four days. Visual acuity in the right eye was 
20/30 and 20/600 in left. She was found to have 
occlusion of the superotemporal branch of the 
retinal artery in both eyes and to have arterial 
sheathing and large cotton-wool patches around 
both optic discs. IVFA findings were delayed 
filling of the superotemporal retinal artery in 
the right eye, no filling in the superotemporal 
artery in the left eye, and segmental absence 
of filling in peripheral branches of other major 
retinal arteries in both eyes. She was treated 
with HBOT, prostaglandin E1, and urokinase 
for 2 weeks and had improvement of her vision 
to the 20/15 level in the right eye and 20/300 in 
the left (86). 
 Another series reported 10 patients 
with BRAO who were treated with HBOT (30 
minutes at 2.4 ATA for three sessions on the first 
day, twice a day on the second and third day, 
and once daily for at least another four days) 
in addition to ocular massage, paracentesis, 
and IV acetazolamide. The authors noted that 
HBOT seemed to benefit visual acuity in eyes 
with BRAO (217). In another report, a 32-
year old man with a rectal carcinoid and iron-
deficiency anemia presented two days after the 
onset of vision loss. He was found to have a 
visual acuity of count-fingers in his left eye 
and fundus findings consistent with BRAO to 
include milky-white edema in the posterior 
pole except for the upper temporal area and 
a cherry-red spot at the fovea. He was treated 
with stellate ganglion block, HBOT, and ferrous 
sulfate, but vision improved only minimally 
(218). 

 Ischemic Branch Retinal Vein   
 Occlusion with Central Vision Loss
 Branch retinal vein occlusion (BRVO) 
is the second most common cause of retinal 
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vascular dysfunction after diabetic retinopathy 
(219). Population-based studies have reported 
a prevalence of 0.6% (220) and 1.6% (221) in 
patients over 43 and 48 years old respectively. 
Most BRVO’s occur at arteriovenous crossing 
sites (222-224)  where the artery and vein 
share a common adventitial sheath.  Diseases 
such as atherosclerosis and hypertension lead 
to stiffening of the artery and may result in 
complete or partial compression of the vein.  

Presenting symptoms of a BRVO may 
include sudden painless decrease in vision or 
scotoma of the affected eye. Fundus findings 
of BRVO may be found incidentally on routine 
exam if the affected region does not interfere 
with the patient’s central vision. Early fundus 
findings include intraretinal hemorrhages and 
cotton wool spots within the affected region. 
Macular edema often develops as a result of the 
venous stasis. The superotemporal quadrant is 
the region most commonly involved.

Visual outcome after BRVO is variable, 
with prognosis depending on the site of occlusion, 
size of the vessel occluded, and the integrity of 
the perifoveal capillary vascular arcades (225).  
Like CRVO, visual loss in BRVO results from 
the short or long term effects of macular edema, 
macular non-perfusion, or the consequences 
of neovascularization (219, 226-230). Unlike 
neovascularization of the iris seen in CRVO, 
chronic ischemia after a BRVO preferentially 
stimulates retinal neovascularization that may 
result in vitreous or intraretinal hemorrhages 
and tractional retinal detachments (231, 232). 

After a critical evaluation of the 
literature, McIntosh et al reported a lack of 
strong evidence for many of the interventions 
advocated for the treatment of BRVO (231).  
Cystoid macular edema is discussed in the 
next section. With regard to the neovascular 
complications of BRVO, PRP has also been 
reported to provide some benefit (226, 233). 
Anti-VEGF agents may also be of use in 
preventing neovascularization. Although there 

are reports of HBOT being used for post-
retinal vein occlusion cystoid macular edema 
(discussed below), no reports were found of 
HBOT being used for BRVO with the primary 
goal of therapy being to reverse hypoxic macular 
cell death. The same therapeutic rationale 
exists for this use as with ischemic CRVO if 
there is central vision loss due to macular non-
perfusion in BRVO. 

          Cystoid Macular Edema (CME)   
          Associated with Retinal Vein Occlusion
 Cystoid macular edema (CME) is the 
cystic accumulation of fluid in the macula. 
Gass originally described CME as the leakage 
of fluid from perifoveal capillaries that was 
low in lipid and protein (234) with secondary 
polycystic expansion of the extracellular spaces 
(235). CME frequently complicates occlusion 
of a central or branch retinal vein. If the edema 
is severe or chronic, it may cause permanent 
visual loss and retinal damage (236). CME 
rates after retinal vein occlusions (RVO) of 
between 30 and 60% have been reported (227, 
228, 233, 236, 237). CME may result from 
retinal capillary engorgement in RVO with 
the increase in hydrostatic pressure driving 
fluid out of the retinal capillaries (238) or from 
increased capillary permeability (239), or a 
combination of these two mechanisms. 

CME typically presents with decreased 
vision, metamorphopsia (image distortion) 
or scotoma.  Slit-lamp exam findings include 
loss of the foveal depression, retinal thickening 
and/or multiple cystoid spaces. Fluorescein 
angiography in CME shows early foveal 
leakage with expansion and coalescence over 
time. In later phases, a “flower-petal” pattern 
of hyperfluorescence is seen as a result of 
accumulation of dye within the cystoid spaces.

Multiple interventions have been 
attempted for the treatment of RVO- associated 
macular edema.  Medical treatments have 
included the use of carbonic anhydrase 
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inhibitors (CAI), anti-VEGF agents and topical 
or intravitreal steroids (240-250).  Intravitreal 
triamcinolone has been shown to improve vision 
in CME from BRVO and non-ischemic CRVO 
(251-260).  However, in most cases the effect 
was not sustained and required repeat injections 
for recurrent edema. Potential complications 
of intravitreal steroid injections include an 
increase in intraocular pressure, cataract 
formation, endophthalmitis, injection-related 
vitreous hemorrhage and retinal detachment. 

A surgical option for BRVO is pars 
plana vitrectomy (PPV) with lysis of the 
common adventitial sheath at the site of the 
affected crossing vessels, thereby relieving the 
venous compression and potentially reducing 
hydrostatic pressure and CME (261).  The 
ability of PPV with sheathotomy to improve 
visual acuity and CME after BRVO has been 
supported by other reports (262-266). There 
are also studies that question its efficacy (267, 
268). Grid argon laser photocoagulation for 
CME after RVO is different from previously 
described PRP in that the laser spots are 
smaller and delivered with a lighter intensity 
only within the affected region. This therapy 
is thought to work by improving RPE barrier 
function (269) or reducing retinal ischemia 
(270). Significant side effects of grid laser 
treatment include paracentral scotoma and 
inadvertent treatment of the fovea with central 
vision loss. The Central Retinal Vein Occlusion 
Study Group evaluated the effect of grid laser 
photocoagulation on visual acuity for patients 
with CME associated with ischemic or non-
ischemic CRVO.  They reported angiographic 
reduction of the CME, but no improvement of 
visual acuity and therefore did not recommend 
grid laser treatment for CRVO patients (269).  

The Branch Retinal Vein Occlusion 
Study Group found a benefit from grid laser 
photocoagulation in patients with BRVO of 
more than three  months duration, macular 
edema and visual acuity of <20/40 (219). Some 

additional reports have supported the efficacy 
of grid laser treatment for BRVO-associated 
macular edema, 271-273 while others did not 
(274, 275).  Grid laser photocoagulation is 
currently the only intervention for BRVO-
associated macular edema that is supported by 
Level I evidence. Grid laser photocoagulation 
is not indicated for predominantly ischemic 
maculopathy after RVO (269, 276). Miyamoto 
noted that the severity of macular ischemia 
better determines visual prognosis after HBOT 
than the degree of macular edema (196). 

A number of reports have shown HBOT 
to be of benefit in RVO-associated CME (196, 
209, 277-282). HBOT for BRVO-associated 
CME has been noted to have a more favorable 
outcome than for CRVO (196, 209).  In many 
reports, visual acuity has been noted to improve 
rapidly upon the initiation of HBOT, even when 
other treatment modalities were previously 
attempted (196, 209, 277-280, 282).  Some of 
these studies reported an improvement of foveal 
leakage on fluorescein angiogram that correlates 
to the visual improvement, (196, 209, 282, 283) 
whereas others show improved visual acuity 
despite continued macular edema by IVFA 
testing (280, 284). Hyperoxic vasoconstriction 
may produce a decrease in RVO-associated 
CME through reduction of retinal blood flow 
and decreased retinal venous pressure. HBOT 
may also reduce the production of VEGF and 
thereby decrease retinal vascular permeability.

There are potential benefits of HBOT 
over grid laser photocoagulation. Laser 
treatment may cause a permanent scotomas and 
this therapy is not undertaken for 3 months after 
the RVO to avoid its potential complications 
in those patients who might spontaneously 
resolve. HBOT offers a relatively safe treatment 
option for the 3-month time frame after disease 
onset and may be repeated if necessary without 
any permanent visual consequences. If no 
improvement has been noted with HBOT, grid 
laser could be added as an adjunct after three 
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months has elapsed.
As with intravitreal injections of steroids 

and anti-VEGF agents, there are reports of 
CME recurrence after HBOT,  (280, 283, 285) 
sometimes with vision regressing back to pre-
treatment levels and at other times with only 
slight regression from the improved vision 
obtained after HBOT.

 Cystoid Macular Edema Associated   
 with Post-Surgical Inflammation

CME may complicate surgical 
procedures such as cataract extraction, Nd:YAG 
capsulotomy, and panretinal photocoagulation. 
CME occurs in approximately 1% of cataract 
extraction patients, but the incidence may be 
as high as 20% if the surgery is complicated 
by posterior capsule rupture and vitreous loss 
(276). Available therapy for post-surgical CME 
includes non-steroidal anti-inflammatory agents 
(NSAIDs), carbonic anhydrase inhibitors, 
steroids (topical, intravitreal, and periocular), 
and immunomodulators (276). 

HBOT may be a valuable adjunct to 
the management of patients whose CME does 
not respond to these measures or in whom side 
effects have required discontinuation of therapy. 
Pfoff and Thom reported five patients with 
chronic CME documented by decreased visual 
acuity to the 20/40 level or worse and findings 
consistent with CME on IVFA. All patients had 
undergone cataract extraction/IOL implantation 
7-11 months prior to HBOT (2.2 ATA for 1.5 
hours twice a day for 7 days, then 2 hours once 
a day for the next 14 days).  All five patients 
showed significant improvement in visual 
acuity with only mild regression upon follow-
up, whereas three control patients treated with 
prednisolone acetate and indomethacin drops 
did not improve over a three-month treatment 
period (286). The authors proposed that 
vasoconstriction of the perifoveal capillaries 
serves to bring the damaged endothelial 
junctional complexes closer together, allowing 

them to repair themselves and thereby prevent 
further leakage (286). 

Ishida et al reported 12 eyes of CME 
treated with HBOT (2 ATA for 60 minutes daily 
for 2-4 weeks). Eight of the cases resulted from 
BRVO and four from cataract surgery. Seven 
of the eyes had an improvement in vision as a 
result of the HBOT (285). 

 Cystoid Macular Edema Associated   
 with Intrinsic Inflammatory Disorders

Intraocular inflammation may result 
from localized ocular disorders as well as 
in association with systemic inflammatory 
disorders (HLA-B27-associated inflammation, 
sarcoid, tuberculosis, Lyme disease). Chronic 
CME is the most common cause of significant 
visual loss in patients with intraocular 
inflammation. The pathogenesis of CME in 
uveitis is not completely understood, but may 
result from dysfunction of either the inner or the 
outer blood-eye barrier. Untreated uveitic CME 
tends to cause progressive injury to the macula 
(287). Treatment options for CME associated 
with intrinsic inflammatory disorders include 
the agents noted above for post-surgical CME 
(276, 287). Anti-VEGF agents have been used 
with success in this disorder. Five of 13 patients 
with uveitic CME refractory to other treatments 
treated with intravitreal bevacizumab had 
an improvement of vision of 2 or more lines 
(287). 

HBOT may be useful in this disorder 
as well. Miyake treated two patients with poor 
vision from CME; one was from a CRVO and 
the other from sarcoid uveitis. HBOT was 
administered at 2 ATA for 60 min and then 3 
ATA for 60 minutes twice a day for 25 days. 
The author noted that: 1) both patients improved 
markedly with HBOT; 2) both patients 
had recurrence of CME when HBOT was 
discontinued; 3) both patients also improved 
on acetazolamide therapy; and 4) the pattern 
of macular hyperfluorescence improved with 
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acetazolamide, but not with HBOT, leading him 
to suggest that the two therapies had different 
mechanisms of action (280). 

HBOT (2 ATA for 60 minutes daily x 14 
to 17 days) provided little lasting benefit in 11 
eyes with CME secondary to uveitis, but it was 
noted that one individual with uveitis of recent 
onset had a sustained visual improvement after 
HBOT (288). HBOT (3 ATA for 75 minutes 
five times a week for 5 weeks) was used to treat 
a 46 year-old woman with bilateral posterior 
uveitis and vitritis. She had previously been 
treated with high-dose steroids, acetazolamide, 
cyclosporine, and grid laser therapy without 
success. Her vision prior to HBOT was 20/200 
OD and 20/80 OS. HBOT resulted in visual 
improvement to 20/100 OD and 20/40 OS 
(289). Although the HBOT had to be repeated 
to provide continued benefit in this patient, 
when one eye is legally blind and the other has 
impaired vision, repeated HBOT may be a very 
useful therapeutic option when other treatment 
modalities have been unsuccessful.

 Periocular Brown Recluse Spider   
 Envenomation
 Brown recluse spider bites may cause 
local tissue necrosis. Therapy includes dapsone, 
antibiotics, and steroid administration as well 
as HBOT. A case of brown recluse bite to the 
lower eyelid was treated using these modalities 
and the patient achieved complete recovery 
(290). 

 Ocular Quinine Toxicity
 Bilateral amaurosis (loss of vision) is a 
common finding in quinine toxicity, typically 
occurring when serum levels are over 10 mg/
liter (291, 292). Visual loss usually occurs 
within 24 hours of ingestion of a toxic dose. 
Tissue hypoxia is thought to be a factor in this 
disorder, but direct retinal toxicity may be 
present as well. Although the natural course 
is usually return of vision, permanent visual 

loss may occur (293, 294). Wolff reported two 
patients with quinine toxicity that presented with 
bilateral no light perception visual loss and were 
treated with HBOT (2.4 ATA for 90 minutes x 
1 treatment.) Both patients had excellent return 
of vision shortly following the HBOT. Whether 
vision would have returned without the HBOT 
is not known (293). The authors endorse the 
use of HBOT as a relatively safe therapeutic 
modality that may help to favorably alter the 
disease course.

 Purtscher’s Retinopathy
 Purtscher’s and Purtscher’s-type 
retinopathy is the term applied to a specific 
type of vision loss that occurs after significant 
trauma, acute pancreatitis, chronic renal failure, 
autoimmune diseases, amnionic fluid embolism, 
and periocular injections (1). Purtscher’s may 
occur in patients with pancreatitis before they 
develop abdominal symptoms of this disorder 
(295, 296). The vision loss is accompanied by a 
fundus picture that includes large cotton-wool 
spots, hemorrhages, retinal edema (Figure 4). 
IVFA typically shows arteriolar obstruction. 
Activated complement with secondary 
granulocyte aggregation and leukoembolization 
may play a part in this disorder (1). Spontaneous 
visual recovery of at least two Snellen lines 
is seen in approximately half of cases (297). 

Fig. 4. Purtscher’s Retinopathy
Photo courtesy of Dr. Steve Chalfin
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There is no effective therapy for this disorder 
at present (298). 

Lin et al reported a patient with 
Purtscher’s retinopathy secondary to chest 
trauma whose visual function and retinal 
appearance improved after multiple sessions of 
HBOT (299). 

 Radiation Retinopathy
 Radiotherapy of head and neck 
tumors in the vicinity of the eye may result in 
radiation retinopathy as well as radiation optic 
neuropathy. Radiation retinopathy was first 
reported in 1935 (300) and occurs months to 
years after retinal irradiation. This disorder 
clinically resembles diabetic retinopathy with 
retinal hemorrhages, cotton wool spots, lipid 
exudates, and capillary non-perfusion on IVFA 
(301) (Figure 5).  Although the threshold dose 
for radiation retinopathy is typically considered 
to be 2,500 to 3,000cGy, it has been reported 
after doses of 500 to 1,500 cGy (301). Retinal 
neovascularization and vitreous hemorrhage 
may ensue. Laser panretinal photocoagulation 
has been employed successfully to manage this 
disorder (301). 

One patient with both radiation optic 
neuropathy and radiation retinopathy was 

successfully treated with HBOT. As described 
in the section for RON, she was treated with 
brachytherapy for a choroidal melanoma 
located just under the macula in her left eye 
developed. Her vision was poor after the 
radiation due to the location of the tumor in 
the posterior pole, but she presented with 
marked decrease in her visual field 4 years after 
treatment. She received HBOT (2 ATA for 120 
minutes x 20 sessions). Although her visual 
acuity did not change significantly from that 
immediately after treatment for her macular 
lesion, her visual field improved markedly. The 
time from onset of symptoms to HBOT was not 
mentioned (162). 

 Anterior Segment Ischemia
 Strabismus surgery entails detaching 
selected extraocular muscles from the globe and 
re-attaching them in a slightly different location 
to improve the alignment of the eyes. Anterior 
segment ischemia (ASI) is an uncommon but 
potentially serious complication of this surgery. 
ASI became recognized as a clinical syndrome 
in the 1950s (302). It is seen in approximately 
1 out of every 13,000 strabismus operations 
(303). Blood supply to the anterior segment of 
the eye is provided by the long posterior ciliary 
arteries (approximately 30%) and the anterior 
ciliary arteries which travel anteriorly in the 
rectus muscles (approximately 70%) (302). 
ASI results from the anterior ciliary vessels 
being disrupted as the extraocular muscles are 
surgically detached and repositioned. The first 
pathological specimen diagnosed with ASI 
was obtained in 1954 from a 76 year-old male 
who developed a blind, painful eye after retinal 
detachment surgery in which the lateral rectus 
muscle was disinserted. The changes seen on 
histology were consistent with ischemic damage 
(302).  ASI is typically seen when three are 
more extraocular muscles are operated on in 

the same procedure, but may occur with two-
muscle surgery (304). Children have little risk 

Fig. 5. Radiation Retinopathy and Choroidal Melanoma
Photo courtesy of Dr. Steve Chalfin
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of developing this complication, while adults 
with cardiovascular disease are at higher risk (302). 

Patients with ASI present with pain 
and decreased vision several days after their 
surgery. Eye examination may reveal striate 
keratopathy, iris atrophy, immobile pupil, 
posterior synechiae, cataract, and anterior 
uveitis with cells and flare in the anterior 
chamber (302, 305). 

Systemic and topical steroids are used to 
treat ASI. Most patients have good recovery of 
visual acuity with steroid therapy. Cycloplegics 
are often used to decrease the pain of ciliary 
spasm that may accompany ASI (302, 304). 
Performing strabismus surgery in stages, so 
that collateral circulation has a chance to 
develop between surgeries, may help to prevent 
ASI; using botulinum toxin as an alternative or 
adjunct to rectus muscle surgery for strabismus 
is also an effective preventive measure (302). 
 HBOT has been shown to increase 
the oxygen tension in the anterior chamber 
(21) and therefore has potential as treatment 
option for anterior segment ischemia. In a 1987 
paper, believed to be the first report of the use 
of HBOT to treat anterior segment ischemia, 
de Smet and his colleagues noted that HBOT 
(2.5 ATA O2 for 90 minutes a day, delivered 
with 5-minute air breaks after each 30 minutes, 
for 7 days) was successful in treating a patient 
who presented with anterior segment ischemia. 
Systemic steroids were withheld from this 
individual because of a history of tuberculosis 
(303). HBOT may be an option for individuals 
with severe ASI that does not respond to 
steroids or for individuals in whom steroids are 
contraindicated.

 Retinal Detachment in Sickle Cell   
 Disease
 Patients with sickle cell disease 
experience obliteration of retinal arterioles 
and venules and develop areas of retinal 
avascularity. This may result in proliferative 

vitreoretinopathy, which in many cases 
progresses to retinal hole formation and retinal 
detachment. These patients do poorly with 
standard scleral buckling procedures to repair 
their detachments, with anterior segment 
ischemia nullifying what would otherwise be 
successful surgery (306, 307). 

Freilich and his colleagues performed 
3 scleral buckling procedures in a hyperbaric 
chamber with the patient breathing 100% 
oxygen at 2 ATA. The percentage of sickled red 
blood cells in one patient decreased from 10% 
at the start of the procedure to 3.5% at the end of 
two hours. All patients treated using this unique 
surgical approach had anatomical success (no 
recurrence of the detachment) and improvement 
in their vision 6 to 12 months after their surgery 
(306, 307). Five additional patients reported by 
the same author using hyperoxic conditions 
for surgery also had good results from HBOT 
(308). The author subsequently provided two 
year follow-up on these eight patients and 
reported that their retinas had all remained 
completely attached and that no new retinal 
tears had developed. Visual acuity improved in 
all six of the patients who had had a decrease 
preoperatively (309). The author concludes 
that this remarkable success in these difficult 
surgical cases “merits the continued use of this 
technique in these difficult cases of detachment 
of the retina (309).” 

 Refractory Actinomycotic Lacrimal   
 Caniliculitis

Actinomyces israelii is an anaerobic 
organism that frequently causes caniliculitis, 
manifest clinically by inflammation over 
the medial aspect of the lower eyelid and 
a characteristic “sulfur-granule” discharge 
from the inferior punctum. This disorder is 
usually responsive to penicillin therapy, both 
systemic and in repeated irrigation of the 
caniliculus. Surgical evacuation may also be 
required. Shauly reported a patient in whom a 

http://archive.rubicon-foundation.org



UHM 2008, Vol. 35, No. 5 – HBOT and the Eye.

358

culture-proven Actinomyces caniliculitis was 
unresponsive to 4 weeks of these measures and 
who did not improve until HBOT (2.5 ATA for 
90 minutes six days a week x 24 sessions) was 
undertaken. The patient’s signs and symptoms 
resolved promptly after the institution of 
combined antibiotic/HBOT therapy (310). 

 Pyoderma Gangrenosum of the Orbit
 Pyoderma gangrenosum is an uncommon 
inflammatory skin disorder associated with 
inflammatory bowel disease and arthritis. It 
is characterized by its bluish color, exquisite 
painfulness, and potential to cause extensive 
tissue necrosis. It is uncommon in the periocular 
region, but Newman reported a case in which 
the lower lid lesion became extremely painful 
and relentlessly progressive, destroying orbital 
tissue, perforating the cornea, and eventually 
requiring evisceration of the eye. Oral and 
intralesional steroids, improved control of 
underlying diabetes, and oral clofazimime all 
failed to produce clinical improvement. The 
author used four HBOT sessions before eye 
evisceration followed with ten sessions of 
HBOT after the surgery. The patient recovered 
after the surgery and HBOT (311). 

 Refractory Pseudomonas Keratitis
 Chong described a 30 year-old white 
female with culture-proven soft contact lens-
associated Pseudomonas keratitis who was 
getting progressively worse despite topical, 
oral, and intravenous antibiotics. On her third 
day after admission, she was begun on a course 
of HBOT (2.0 ATA for 90 minutes daily). She 
began to improve after the addition of HBOT to 
her regimen and 24 hours after her first HBOT 
treatment, her vision had improved from count 
fingers to 6/24. HBOT was continued for two 
more days with progressive improvement and 
the patient was discharged after six days with 
a visual acuity of 6/9. Her vision subsequently 
improved to 6/6 (312). 

 Other Reported Uses of HBOT
This section contains a number of 

ocular indications for HBOT for which a 
theoretical basis for the usefulness of HBOT 
exists and/or case reports have been published 
documenting the use of HBOT in managing 
these disorders. The evidence for these 
indications is considered to be less strong than 
that for the disorders listed in the previous two 
sections. None of the indications for HBOT in 
this section are approved by the Hyperbaric 
Oxygen Committee of the UHMS at this time 
(28). The list of other reported uses for HBOT 
is summarized in Table 3. 

 Diabetic Retinopathy
 Diabetic retinopathy (DR) is the 
leading cause of blindness for Americans in 
the 20-64 year-old age group. The underlying 
pathophysiology is believed to be an endothelial 
vasculopathy characterized by loss of pericytes 
and basement membrane thickening caused 
by sustained exposure to hyperglycemia (1). 
Vision loss in diabetic retinopathy can be 
caused by retinal edema, retinal or optic nerve 
neovascularization, and/or ischemic macular 
changes. Elevated levels of vascular endothelial 
growth factor (VEGF) have been found in both 
the proliferative and non-proliferative types 
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of diabetic retinopathy (8). Treatment options 
for DR and diabetic macular edema (DME) 
include blood sugar control, laser PRP, grid 
laser therapy, intravitreal triamcinolone, and 
intravitreal anti-VEGF agents.

Improvement of a patient with DME 
from 20/125 in the right eye and 20/320 in the 
left to 20/63 and 20/160 respectively was noted 
after HBOT. A decrease in foveal thickness 
accompanied the improvement in vision. The 
HBOT was administered in 14 sessions at 
unspecified pressure/time over 1 month. DME 
recurred several times in the succeeding months, 
but each time improved after repeat HBOT. 
The authors attributed the success of HBOT in 
this patient to either the hyperoxygenation of 
the macular tissue or constriction of the retinal 
vessels (313). 

Twenty-two eyes of eleven patients with 
DME were treated at 2 ATA for one hour twice 
a day for two weeks and then once a day for 
the third week. Visual acuity improved by two 
lines or more in 15 eyes (68%) after HBOT. 
The improvement in vision diminished over 
time but at the end of follow-up was still better 
than pre-treatment. Static visual perimetry was 
also noted to improve in 76% of eyes (314). 

Krott reported five patients (seven 
eyes) with macular edema (3 diabetics, 1 
with CRVO, and 1 with BRVO) treated with 
HBOT (2.4 ATA for 30 minutes per day x 10-
30 treatments). At 15 month follow-up, the 
mean increase in visual acuity after HBOT was 
3.5 lines. Other treatments for macular edema 
were employed as well (laser, acetazolamide, 
hemodilution), but HBOT was used after most 
other approaches had failed (278). 

Haddad reported no improvement 
in three patients with “advanced diabetic 
retinopathy” treated with HBOT (2 to 3 ATA 
for periods of 1 hour each) and noted that 
none of these three patients demonstrated any 
appreciable change in visual acuity, retinal 
pathology, or visual fields (17). 

 A major issue in treating this very 
common disorder with HBOT is its chronicity. 
HBOT would likely have to be undertaken on a 
long-term basis to provide a sustained benefit.

 Ocular Manifestations of Multiple   
 Sclerosis
 HBOT (2 ATA for 90 minutes daily x 
5 days per week for a total of 20 sessions) has 
been reported to result in improvement in the 
visual manifestations of MS. 315 Several review 
articles, however, have found HBOT (typically 
given in 20 treatments at 1.75-2.5 ATA, daily 
for 4 weeks) to be of little value in treating this 
chronic, progressive neurological disease (316, 
317). Neiman observed that ten patients with 
long-standing MS treated with HBOT (2 ATA 
for 90 minutes daily x 20 exposures) had a small 
but statistically insignificant improvement in 
their visual evoked potentials over that seen in 
the control group of 9 patients (318). He also 
noted that subsequent deterioration of their MS 
occurred more often in the treatment group than 
in controls at 6-month follow-up.
HBOT is accepted by the Department of Health 
in the United Kingdom as a modality for MS 
(319). 

 Retinitis Pigmentosa
Retinitis pigmentosa (RP) is a 

heterogenous group of retinal disorders 
characterized by slowly progressive 
degeneration of the photoreceptor cells (the 
rods and cones). Although the majority of RP 
cases are inherited as X-linked or dominant, 
approximately 40% of cases are isolated, with 
no other family members affected. Metabolic 
factors within the retina may also contribute 
to the progression of cell death (10). The early 
stage of RP is often detectable only by the 
presence of an abnormal electroretinogram. 
(ERG) Loss of visual field occurs later, with the 
peripheral field being affected first. Affected 
individuals lose visual field at rates of 4 to 18% 
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per year (320). Symptoms progress from light/
dark adaptation difficulties to progressive loss 
of peripheral vision until only a central tunnel 
of vision remains. 

It has been suggested that HBOT may be 
useful in slowing the progress of RP. One study 
showed a statistically significant improvement 
or stability in ERG in 24 patients who received 
HBOT (2.2 ATA for 90 minutes on a tapering 
regimen from five times a week for one month 
to one week a month for 11 months to one week 
every 3 months for the balance of two years) 
compared to controls (321).  This improvement 
in retinal ERG did not correlate with an 
improvement in visual acuity, but this would 
not be expected when HBOT is performed 
before the disease has reached end-stage, since 
the loss of vision moves from peripheral to 
central with the central island typically being 
the last sector of the visual field extinguished.  

Skogstad reported a 26 year-old man 
with RP treated with HBOT (2.4 ATA for 97 
minutes five days a week x 4 weeks) and noted 
that he had improvement of his lateral vision at 
the conclusion of therapy (322). 

Oxidative stress, however, has been 
implicated as potentially contributing to 
the degenerative process and antioxidant 
supplements proposed as one possible 
therapeutic approach to RP. Baumgartner 
believes that HBOT is likely to be associated 
with considerable risk of increased oxidative 
damage to the retina in RP patients. 
Additionally, HBOT given acutely is unlikely 
to arrest the process of a disease that is chronic 
and progressive (320). 

 Macular Hole Surgery
Macular holes are caused by traction on 

the retina produced by fibrous attachments to a 
detaching vitreous body. Vitreoretinal surgery 
in indicated in some cases to close these holes. 
One of the complications of this surgery is 
temporal visual field defects (TVFD). A study 

reported that 7 patients with TVFD following 
macular hole surgery were treated with HBOT 
while a control group of 5 patients were not. 
Those patients who received HBOT for a 
20-day course had significant recovery from 
their TVFD (to 91.6% of the preoperative VF 
area), while those in the control group did not 
experience this improvement (remained at 79% 
of their preoperative VF area). Visual acuity 
was not affected by the HBOT (323). 

 Retinal Detachment
In experimental retinal detachment, 

retinal hypoxia caused by the separation of the 
retina from its normal source of nutrients is a 
factor in inducing the death of photoreceptor 
cells. Supplemental normobaric oxygen at 70% 
was found to reduce cell death in a cat model of 
retinal detachment (324). Oxygen in this model 
was also found to limit the proliferation and 
hypertrophy of Muller cells that are responsible 
for the proliferative vitreoretinopathy that may 
complicate retinal detachment surgery (325). 
No papers were found that used HBOT for 
retinal detachment in humans, but a theoretical 
basis exists for this use.

 Uveitis
One report of a rabbit model of uveitis 

noted that HBOT was as effective as topical 
steroids used alone in treating this disorder and 
enhanced the efficacy of topical steroids when 
the two modalities were used together (326). 

 Corneal Alkali Burns
 Hirst et al studied the usefulness of 
HBOT in corneal alkali burns using a rabbit 
model. HBOT was administered at 2.4 ATA for 
60 min daily for 21 treatments in treating this 
injury. Using the time to corneal perforation as 
an end point, no benefit was found from HBOT 
(327). 
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 Hydroxyapatite Orbital Implants
 Ng reported that HBOT did not increase 
hydoxyapatite vascular ingrowth and possibly 
delayed fibrovascular maturation in normal 
sockets in a rabbit model (328). Debacker 
and his co-authors reported that HBOT did 
not diminish the likelihood of exposure of 
hydroxyapatite orbital implants in irradiated 
orbits in a rabbit model, but did enhance 
fibrovascular ingrowth in normal orbits after 
enucleation (329). 

 Glaucoma
The optic neuropathy of glaucoma has 

been postulated to result at least partly from optic 
nerve ischemia and transient improvements in 
visual fields have been reported in glaucoma 
patients treated with HBOT (2.0 ATA for 90 
min/day x 5 days per week for a total of 30 
sessions) (330, 331). 

 Corneal Neovascularization
 Henkind noted that a single prolonged 
hyperbaric oxygen exposure of 17-37 hours 
at 1.5 to 2.0 ATA did not produce a change in 
corneal neovascularization in a rabbit model 
(332). 

 Tobacco-Alcohol Amblyopia
 Kern and his co-authors have reported 
that HBOT at 2 ATA (duration and number 
of treatments not noted) was successful in 
achieving a “definite improvement” in three of 
four patients with tobacco-alcohol amblyopia, 
a type of optic neuropathy (333). 

 Secondary Keratoendotheliosis
Corneal endothelial dysfunction 

ranging from mild post-operative corneal 
edema to bullous keratopathy and opacification 
of the cornea (secondary keratoendotheliosis) 
may occasionally complicate cataract removal 
surgery, although this complication has been 
reduced by currently used phacoemulsification 

techniques and the routine use of viscoelastics 
during cataract surgery. Recupero reported that 
hyperbaric oxygen therapy produced improved 
visual acuity in all twelve of the study patients 
compared to improvement in only 33% in the 
21 control patients (334). 

 Sickle Cell Hyphema
Approximately 10% of the African-

American population in the United States has a 
sickling hemiglobinopathy.  These individuals 
are more prone to the complications of corneal 
blood staining and secondary glaucoma should 
they suffer traumatic hyphema. One report 
noted that exposing rabbits to oxygen at 2 ATA 
for two hours increased the PO2 in the anterior 
chamber from 63.5 mmHg to over 500 mmHg. 
This increase was sufficient to prevent or reverse 
the sickling of injected intracameral human 
erythrocytes containing sickled hemoglobin. 
The percent of sickled red cells was 4.1% in 
the rabbits exposed to hyperoxia compared to 
35.7% in controls (335). 

 Central Serous Retinopathy
 Haddad treated a single CSR patient 
with HBOT (2 ATA for 15 minutes and 3 ATA 
for 30 minutes) with no change in the patient’s 
visual acuity or his relative central scotoma 
(17).

 HBOT and the Eye – General   
 Considerations

Many of the general considerations 
regarding HBOT mentioned previously also 
apply to HBOT for ocular indications. There 
are several additional considerations for HBOT 
as it applies to the eye:
 1) Patients with acute painless loss of 
vision that meets the criteria for emergent HBOT 
outlined below should be triaged rapidly in the 
emergency department and referred for HBOT 
as soon as possible to optimize the chance for 
successful treatment.
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 2) Normobaric oxygen should be 
given promptly to patients with eye disorders 
appropriate for emergent HBOT. This may 
maintain the viability of affected ocular tissues 
pending HBOT or, in some cases, provide 
definitive treatment. 
 3) Pulmonary oxygen toxicity may 
complicate HBOT, especially with longer 
treatment regimens. The timing of multiple 
HBOT sessions when required must be titrated 
to minimize pulmonary oxygen toxicity while 
preventing permanent vision loss from tissue 
hypoxia. 
 4) Visual acuity alone is an inadequate 
outcome measure for HBOT undertaken for 
ocular disorders that present with loss of vision. 
Automated measurement of visual field should 
be performed as well. 
 5) Education is needed to alert patients 
and physicians to the vision-saving benefits of 
HBOT for certain disorders. Eye patients who 
suffer acute vision loss must appreciate the need 
to get to the hospital emergency department as 
soon as possible. Patients who have lost vision 
in one eye from any cause should be informed 
to seek medical attention immediately if they 
suffer an acute loss of vision in their only 
seeing eye. Individuals who have suffered 
CRAO, CRVO, or NAION in one eye should in 
particular be warned to seek emergent medical 
attention should vision decrease in their fellow 
eyes. Similarly, individuals at risk for RON 
must be warned to seek attention immediately 
for any post-radiation visual loss.
 6) HBOT receives little attention 
in Ophthalmology training programs. For 
instance, the “The Wills Eye Manual” is a 
popular handbook produced by the house 
staff and attendings at one of the leading eye 
hospitals in the United States that is used as a 
quick reference for common ocular disorders. 
The 2008 version of this handbook does not list 
HBOT in the index (336). Wills is not unusual 
in this respect, despite the ten ocular indications 

for HBOT discussed above that are approved by 
the HBO Committee of the UHMS where HBOT 
may be lifesaving or preserve threatened vision. 
A recent article in Survey of Ophthalmology 
may reflect a growing awareness of the utility 
of this modality in Ophthalmology (337). 
 7)  Although rapid return of vision is 
a valuable indicator of efficacy when treating 
ocular disorders with HBOT, the failure of 
vision to normalize rapidly does not necessarily 
indicate a lack of success. As previously 
discussed, this is especially true in disorders 
such as central retinal vein occlusion, where 
macular hemorrhage may prevent immediate 
return of vision.   

 Emergent HBOT in Patients  
 with Acute Vision Loss
 The differential diagnosis in patients 
who present with acute painless loss of vision 
includes CRAO, retinal detachment, CRVO, 
BRVO, BRAO, choroidal neovascularization 
with subretinal hemorrhage, vitreous 
hemorrhage, and ischemic optic neuropathy. It 
may take hours to days and an Ophthalmology 
consult to establish a definitive diagnosis for the 
vision loss. In the interim, whatever potential 
that may exist to restore vision with HBOT 
might be lost. 
 Considering that at least five of the 
relatively common ocular disorders producing 
acute, painless loss of vision have the potential 
to benefit from HBOT, the authors propose the 
following approach to managing patients with 
acute loss of vision: 

1) Patients who present with acute 
painless loss of vision of recent onset should be 
triaged as “Emergent.”

2) Visual acuity should be checked 
immediately. If vision with the patient’s current 
spectacles or contact lenses is 20/200 or worse, 
cannot be improved significantly with pinhole, 
and the patient meets the other criteria listed 
in Table 4, then (s)he should be considered for 
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emergent HBOT.
3) The patient should be started 

immediately on supplemental normobaric 
oxygen at the  highest possible inspired oxygen 
fraction.
 4) If vision is restored by oxygen at 
1 ATA and HBOT is not necessary, maintain 
on oxygen at an inspired fraction sufficient 
to maintain the improvement in vision until 
ophthalmologic consultation can be obtained. 
Titrate supplemental oxygen as clinically 
appropriate thereafter.

5) If visual acuity does not improve 
to near baseline within five minutes after 
starting supplemental oxygen and there are no 
contraindications to HBOT, refer for emergent  
HBOT. Maintain supplemental oxygen until 
HBOT is initiated. Even though vision has 
not responded to the normobaric oxygen, 
the increased oxygenation produced by this 
intervention may be helpful in maintaining 
retinal viability until HBOT is initiated.

6) Compress to 2.4 ATA on 100% 
oxygen.
 7) If no response within 5 minutes, 

compress to 2.8 ATA and perform USN 
Treatment Table 6. (If the diagnosis is DCS or 
AGE, follow the USN Diving Manual treatment 
protocols instead).
 8) Upon surfacing from the HBOT, refer 
the patient emergently to an ophthalmologist.
 9) The decision regarding further 
management should be made jointly by the 
Ophthalmologist and hyperbaric consultant.

10) In general, if vision improves with 
HBOT, the HBOT should be titrated to obtain 
as much improvement in visual function 
as possible while avoiding or minimizing 
pulmonary oxygen toxicity.
 Note: a) HBOT should be administered 
in all cases if the loss of vision was associated 
with a recent hyperbaric or hypobaric exposure, 
b) HBOT should be administered if the history 
is suggestive of radiation optic neuropathy or 
for vision loss that occurs during or immediately 
after hemodialysis; c) Consultation with an 
Ophthalmologist is desirable but should not delay 
HBOT;  d)  All patients with acute,  painless, 
severe vision loss should be referred emergently 
to an ophthalmologist if not treated with emergent 
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HBOT so that potentially reversible causes of 
vision loss may be identified and treated. Patients 
for whom emergent HBOT is undertaken should 
be evaluated by an opthalmologist following 
HBOT. The decision and treatment algorithms 
for emergent HBOT for acute loss of vision 
are summarized in Figures 6 and 7( Fig 6. see 
Appendix 1, page 380; Fig. 7, see Appendix 2, 
page 381).

SYSTEMIC COMPLICATIONS OF HBOT 

 Pulmonary
 The clinically important manifestations 
of O2 toxicity in the pressure ranges used for 
HBOT involve the lung. Prolonged or repeated 
exposure to oxygen levels above the toxicity 
threshold of 0.5 ATA will result in chest pain, 
cough, and decreased vital capacity with a 
shorter latent period to toxicity as PO2 increases. 
The initial onset of pulmonary O2 toxicity 
in humans breathing oxygen continuously 
at 1 ATA is ~18 hours (338). The onset of 
pulmonary oxygen toxicity can be significantly 
delayed by using intermittent air breaks during 
the hyperbaric exposure (339). Changes in 
the 1-second forced expiratory volume and 
mid-expiratory flow rate precede both clinical 
symptoms and changes in forced vital capacity 
in volunteers undergoing a 10-day course of 
oxygen at 2.5 ATA for 95 minutes a day (340). A 
longer course of 21 HBOT sessions at 2.4 ATA 
for 90 minutes on consecutive days produced 
non-productive cough as well as significant 
decreases in FEV1 and mid-expiratory flow 
rate in four of twenty patients studied. There 
were no changes in forced vital capacity or peak 
expiratory flow (341). However, this reduction 
in pulmonary function was not considered of 
clinical significance unless repeated treatment 
series are contemplated or pulmonary function 
is reduced before treatment. More aggressive 
oxygen exposures may result in much more 
rapid onset of pulmonary oxygen toxicity (59). 

 Central Nervous System Oxygen
  (CNS)

The most dramatic sign of CNS O2 
toxicity is convulsions. Other signs and 
symptoms include muscle twitching, nausea, 
tinnitus, confusion, and dysphoria, which may 
precede the onset of a convulsion. However, 
convulsions may occur without any antecedent 
warning symptoms (342). CNS O2 toxicity is 
characterized by sudden onset of symptoms and 
(usually) a rapid relief from symptoms once the 
PO2 is reduced to non-toxic levels.

Oxygen pressures above 1.3 ATA may 
result in CNS O2 toxicity. The likelihood of 
developing CNS O2 toxicity increases with 
increasing exposure time and PO2. Other factors 
that increase susceptibility to CNS oxygen 
toxicity are immersion, exercise, elevated levels 
of inspired CO2,

 and cold stress (342-344). 

The dry, resting conditions of HBOT 
reduce but do not eliminate the risk of CNS O2 
toxicity. CNS O2 toxicity is rare in dry chambers 
at pressures of 2.0 ATA and less. One recent 
paper noted only two convulsions from CNS O2 
toxicity in 10,028 treatments, most of which were 
45 FSW for 90 min exposures (345). Witucki 
and colleagues reported no convulsions in 
19,377 HBOT exposures for chamber attendants 
breathing oxygen at 45 FSW for 15 or 30 minutes 
(346). If CNS O2 toxicity is encountered, oxygen 
breathing should be discontinued immediately 
(56). In most cases, symptoms resolve within 
minutes, although some episodes progress 
to convulsions despite a reduction in PO2. 
Uncomplicated CNS O2 toxicity is typically 
without sequelae, and oxygen breathing may be 
resumed 15 minutes after the CNS symptoms 
subside. Should symptoms recur a second time, 
the patient’s PO2 should be reduced prior to 
continuing treatment.

 Cardiovascular
 HBOT may cause elevations in blood 
pressure in both hypertensive and non-
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hypertensive patients. Peripheral resistance 
increases by about 30% while heart rate and 
cardiac output fall by about 20% (11). This 
side effect of HBOT may be an important 
consideration in patients with poor left 
ventricular function.

OCULAR COMPLICATIONS OF HBOT

 Ocular Manifestations of CNS   
 Oxygen Toxicity
           Visual symptoms are a well-recognized 
manifestation of CNS O2 toxicity (343, 344, 347).  
The most commonly described ocular symptoms 
of CNS O2 toxicity are eyelid twitching, blurred 
vision, and visual field constriction, although the 
latter symptom represents retinal oxygen toxicity, 
as described below.  Visual hallucinations (343) 
and transient unilateral loss of vision (347) have 
also been reported. 

 Retinal Oxygen Toxicity
Oxygen can be directly toxic to the 

eye (348). At 1 ATA, O2 has not been shown 
to produce adverse ocular effects in adult 
humans. O2 at this partial pressure typically 
results in pulmonary toxicity before the eye 
is affected (349). As early as 1935, Behnke 
reported a reversible decrease in peripheral 
vision after oxygen breathing at 3.0 ATA 
(350). Lambertsen and Clark and colleagues 
also observed a progressive decrease in 
peripheral vision associated with hyperoxia 
(13, 351). A decrease in peripheral vision was 
noted after approximately 2.5 hours of O2 
breathing at 3.0 ATA in a dry chamber. This 
decrease was progressive until O2 breathing 
was discontinued. The average decrement in 
visual field was 50%. Recovery was complete 
in all subjects after 45 minutes of air breathing 
(351).  A decrease in ERG amplitude was noted 
as well, but did not correlate directly with the 
size of the visual field defect and returned to 
normal more slowly after the termination of 
the exposure (351).  Visual acuity and visual 

cortical evoked responses remained normal in 
all subjects. A 4-hour exposure to 1 ATA of O2, 
in contrast, produced no change in visual acuity 
or visual fields (352). The changes in visual 
field noted above probably represent a form of 
retinal O2 toxicity rather than CNS O2 toxicity 
in that they are predictable, evolve slowly, and 
resolve slowly after the discontinuation of the 
hyperoxic exposure. Retinal O2 toxicity is not 
commonly reported as a complication of HBOT, 
but the incidence may be underreported since 
visual fields are not typically performed during 
the course of HBOT and any defects would 
be expected to resolve shortly after return 
to normoxia. Moreover, repetitive HBOT is 
almost always administered at 2.0 to 2.5 ATA 
and for shorter times than those documented to 
cause retinal O2 toxicity.

Retinal O2 toxicity has been studied 
in animal models. Hyperbaric oxygen 
administered in severe enough exposures 
results in photoreceptor cell death preceded 
by attenuation of the electroretinogram (353, 
354). Beehler exposed dogs to hyperoxia (680 
to 760 mmHg of oxygen) continuously for 
72 hours. All animals were either dead at the 
end of the exposure or died shortly thereafter 
due to pulmonary complications but half of 
the animals were found to have ocular lesions 
as a result of this exposure. The eye findings 
included bilateral retinal detachments, corneal 
haze, chemosis, and hyphema (355).  Four-hour 
exposures of rabbits to 3 ATA or 40-48 hours 
of exposure to 1 ATA O2 resulted in destruction 
of the retinal photoreceptor cells (13, 354). 
Sodium-potassium ATPase has been shown to 
be inhibited by hyperbaric oxygen and this may 
be a factor in retinal O2 toxicity (356). 

Hyperoxia is especially toxic to the 
immature retina, causing vasoconstriction and 
subsequent failure of normal vascularization 
in the retinas of infants given high doses 
of supplemental oxygen (357). Retrolental 
fibroplasia was first described in 1942 by Terry 
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(358). It became the leading cause of blindness 
in preschool children in the 1950s (359). Once 
it was determined that hyperoxia was the main 
causative factor in this disorder, the incidence 
of blindness was greatly reduced by limiting 
the inspired PO2. 

 Lenticular Oxygen Toxicity
 Hyperoxic Myopia. Progressive 
myopic changes are a known complication 
of repetitive HBOT treatments (348, 360-
366). The rate of myopic change is reported 
to be approximately 0.25 diopters per week 
and is progressive throughout the course of 
HBOT (365). Hyperoxic myopia is generally 
attributed to oxidative changes causing an 
increase in the refractive power of the lens, 
since studies have shown that axial length and 
keratometry readings did not reveal a corneal 
curvature or axial length basis for the myopic 
shift (360, 363, 365, 366). Reversal of the 
myopic shift after discontinuation of HBOT 
usually occurs within 3-6 weeks, but may take 
as long as 6-12 months(361). In a series of 26 
patients exposed daily to 2.5 ATA oxygen for 
60 minutes with an additional 30 minutes each 
of O2 during compression and decompression, 
Lyne noted that a rate of myopic change of 
about 0.5 diopters a month, with the change 
being progressive throughout therapy and 
slowly reversible after HBOT was completed. 
Two patients were observed to have a myopic 
shift of 5.5 diopters (366). 

The PO2 in HBOT typically varies 
from 2.0-3.0 ATA depending on the treatment 
protocol used, but hyperoxic myopia has also 
been reported in a closed-circuit mixed-gas 
SCUBA diver at a PO2 of 1.3 ATA, lower than 
typically used in HBOT (367).  This myopic 
shift resolved over one month after finishing 
the series of hyperoxic dives. 

Hypermetropic changes after HBOT 
exposures have also been reported (368, 369). 
 Cataracts. Cataract formation has 

been reported by Palmquist and co-authors in 
patients undergoing a prolonged (150 or more 
exposures) course of daily HBOT therapy at 
2.0-2.5 ATA (364). Seven of fifteen patients with 
clear lenses at the start of therapy developed 
cataracts during their course of treatment. 
Fourteen of these fifteen patients received total 
HBOT of between 300 and 850 hours. The lens 
opacities noted were not completely reversible 
after HBOT was discontinued. Gesell and 
Trott reported de novo cataract formation in a 
49 year-old woman who underwent 48 HBOT 
treatments for chronic refractory osteomyelitis 
of the sacrum and recurrent failure of a sacral 
flap (370). Hyperoxic myopia and cataract 
formation may represent two points on the 
continuum of severity of lenticular oxygen 
toxicity. The high success rate of modern 
cataract surgery makes cataract formation an 
easily manageable complication of HBOT, and 
this side effect is not necessarily an indication 
to discontinue therapy if the patient’s clinical 
indication for continuation of HBOT is 
sufficiently strong.

 Vitreous Hemorrhage
 Vitreous hemorrhage has been 
reported once during HBOT. The patient 
had proliferative diabetic retinopathy with a 
previous vitreous hemorrhage in the right eye 
and retinal neovascularization in the left eye. 
After the eighth in a series of HBOT sessions, 
he reported decreased vision in his left eye and 
was found to have had a vitreous hemorrhage 
in that eye as well. The authors suggest that 
the fragile neovascular vessels of proliferative 
diabetic retinopathy may have an increased 
tendency to hemorrhage during HBOT. They 
recommend blood sugar normalization and 
control of hypertension prior to treating such 
patients with HBOT (371). 
 Other Toxic Ocular Effects: Guinea pigs 
subjected to lethal exposures of 3 and 5 ATA O2 
developed cellular damage to both the corneal 
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endothelial cells and the lens epithelial cells 
(372).  Animals exposed to 1 ATA O2 for 48 
hours have been shown to develop inflammatory 
retinal detachments, conjunctivitis, iritis, and 
hypotony (359). 

MINIMIZING  OCULAR COMPLICATIONS 
FROM HBOT

Winkle demonstrated that exposing post-
RK corneas to 100% nitrogen via goggles at 1 
ATA for 2 hours caused a significant hyperopic 
shift of 1.24 diopters and corneal flattening of 
1.19 diopters in post-RK eyes. The individuals 
in this study were breathing air during the 
study period. Corneal thickness increased in 
both post-RK and control eyes but was not 
associated with a hyperopic shift in control 
eyes (373). This demonstrates that the PO2 the 
pre-corneal gas space is more important than 
inspired PO2 in determining the physiological 
effect of the gas mix on the cornea.
 Use of an oronasal mask instead of a 
hood was suggested by Anderson as a means 
of decreasing hyperoxic myopia by reducing 
the PO2 in the cornea, aqueous, and lens (365). 
This method lowers the effective O2 dose to 
the eye. A reduction of hyperoxic myopia 
during HBOT by approximately 50% has been 
reported by using an oronasal mask instead of 
a hood for oxygen administration (374). 

SUMMARY

 HBOT has not traditionally been widely 
used in the management of ocular disorders. 
There are a number of ocular conditions, 
however, for which HBOT may reverse 
profound vision loss. The authors recommend 
aggressive use of HBOT for the indications 
listed when vision loss is severe and the patient 
is within the time window for HBOT to be 
effective. Further studies will help to define 
which ocular disorders are best treated with 

HBOT, the critical window of opportunity for 
each, and which HBOT treatment regimens 
provide the best outcomes.
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APPENDIX I - Figure 6
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APPENDIX 2 - Figure 7
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