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THE EFFECT OF NORMOBARIC HYPEROXIA IN A RADIATION 

RETINOPATHY CASE STUDY 

 

ELISE PHAM 

 

ABSTRACT 

 

Background: Radiation retinopathy is a progressive ocular disease that is a common 

complication following exposure to ionizing radiation. Despite current treatments, some 

patients continue to lose vision due to retinal ischemia and retinal edema, necessitating 

further investigation into therapeutical alternatives. Pilot studies of supplemental oxygen 

and hyperoxia therapy have recently demonstrated improved outcomes in vision and 

reduction of symptoms in ocular disorders involving diseases of the retinal vasculature 

such as diabetic retinopathy and retinal vein occlusion. Hyperbaric oxygen therapy 

(HBOT) has been reported to improve complications associated with radiation retinopathy, 

but HBOT poses challenges regarding affordability and availability of hyperbaric 

chambers. Normobaric hyperoxia (NBH) therapy presents a more cost-effective and 

accessible alternative that has been successfully shown to ameliorate edema and improve 

visual outcomes in retinopathies with similar clinical presentations as radiation retinopathy 

and thus may be an effective treatment for complications due to radiation retinopathy. 



 

 vi 

Objective: In this case study, we investigated whether administration of NBH could reduce 

retinal edema and improve visual acuity in a patient with retinal edema and vision loss 

associated with radiation retinopathy. 

Methods: Three patients with radiation retinopathy were initially screened for NBH 

treatment. Of those, one patient proceeded with treatment and completed two 3-hour NBH 

sessions and one 3-hour normobaric normoxia (NBN) session which served as a control. 

Before and after each session, best corrected distance visual acuity (VA) was assessed 

using Early Treatment Diabetic Retinopathy Study testing, and retinal thickness was 

imaged using optical coherence tomography. Retinal thickness measurements were taken 

at five points along the area of edema and average differences and percent changes in 

thickness were calculated. A student’s one-tailed t-test was used to analyze statistical 

significance. 

Results: Retinal thickness in the area of edema was reduced by an average of 27±7.14 µm 

with an average percent change in thickness of 4.35±1.01%, and VA improved from 20/63-

2 (LogMAR=0.54) to 20/63+1 (0.48) after the first NBH trial. After the second NBH trial, 

retinal thickness in the area of edema was reduced by an average of 20.2±2.59 µm with an 

average percent change in thickness of 4.42±0.58%, and VA was improved from 20/50 

(0.4) to 20/32-1 (0.22). Following the NBN control session, retinal thickness was reduced 

by an average of 5.8±0.84 µm and had a percent change of 1.71±0.23% with relatively 

little change in VA. Retinal thickness was found to be significantly reduced following each 

NBH trial when compared to NBN measurements (p = 0.001 and 0.0002). 
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Conclusion: In a patient with radiation retinopathy, NBH treatment demonstrated 

improved outcomes in VA and reduction of retinal edema. Addition of NBH therapy to 

existing disease management plans may expand the treatment repertoire for patients 

suffering from radiation retinopathy and lend further support for the use of NBH therapy 

as a treatment option for additional ophthalmic disorders. 
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INTRODUCTION 

 

 Visual impairments and ocular disorders affect over one billion individuals 

worldwide and are a major cause of global productivity loss (GBD 2019 Blindness and 

Vision Impairment Collaborators, & Vision Loss Expert Group of the Global Burden of 

Disease Study, 2021). According to a 2019 report by the World Health Organization, the 

economic burden incurred from blindness and vision loss impacting the ability to work 

exceeds $200 billion (World Health Organization, 2019). 

In the United States, reduced visual ability consistently ranks among the top ten 

disabilities reported by adults over the age of eighteen, and the prevalence of ocular disease 

is expected to more than double from 2005 to 2050 as certain epidemiological risk factors 

such as obesity continue to increase among the aging populace (Saaddine et al., 2008). 

Decreased visual ability can directly impinge upon many aspects of daily living, such as 

maintaining or seeking employment and navigating a daily routine. Reduction in vision has 

been shown to be correlated with increased risk of developing other comorbidities, 

including but not limited to depression, diabetes, stroke risk, and cognitive decline (Rein 

et al., 2006). 

 Given the wide-ranging impacts that maintaining visual health has, addressing and 

treating visual disorders can not only improve individual quality of life but also benefit 

societal functionality (Saaddine et al., 2003). Several common causes of ocular disorders 

and diseases, such as errors in refraction, diabetic retinopathy, and glaucoma, are largely 

treatable and in some cases preventable (Congdon et al., 2004). Although other, less 



 

2 

common diseases and disorders of the eye such as radiation retinopathy impact a smaller 

fraction of the general populace, the complications stemming from such oculopathies can 

result in visual impairment and loss with equal or greater severity than their more common 

counterparts (World Health Organization, 2019). Research efforts must still be devoted to 

characterizing, understanding, and improving or developing novel therapies for less 

common oculopathies in order to ensure a broad and wide-reaching response to reduce the 

prevalence of worldwide vision loss. 

 

Anatomy and Physiology of the Human Eye 

 The eyes are a pair of spherical sensory organs located in the orbital cavities of the 

skull and situated bilaterally on the front of the face. In conjunction with parts of the central 

nervous system, they comprise the human visual system and confer the ability to receive 

and detect light and visual stimuli (Riordan-Eva, 2017). Development of the eye begins at 

a very early stage of fetal development, around three weeks post-fertilization when 

neurulation has occurred, and the neural folds are closing. Optic grooves are formed on 

either side of the neural folds in the cephalic region of the embryo. Cells of these grooves 

continue to proliferate, differentiate, and develop into the optic cup before ultimately 

assuming the general structure that will later become the adult eye. After birth, the eye 

continues to grow and mature until about seven to eight years of age (Tamm et al., 2012). 

The overall eyeball is referred to as the globe and measures approximately twenty-

four millimeters in diameter in an average adult. Covering the anterior surface of the globe 

is the conjunctiva, which is a thin and clear mucous membrane that serves to protect and 
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lubricate the eye to prevent irritation (Figure 1). Reduction of friction between the globe 

and the surrounding eyelid is an essential function of the conjunctiva. Encapsulating much 

of the outermost layer of the eye is a dense, fibrous structure called the sclera, which is 

white in appearance (Figure 1). The sclera is predominately composed of collagen and, to 

a lesser extent, elastic tissue (Riordan-Eva, 2017). 

Posterior to the conjunctiva at the most anterior surface of the eye in descending 

order are the cornea, aqueous humor, iris, lens, and ciliary body (Figure 1). These structures 

outline the anterior chamber of the eye, which is the space extending from the cornea to 

the iris and filled by the aqueous humor. The cornea is a transparent tissue composed of 

five cellular layers that play a major role in the eye’s focusing power. Remaining optical 

power is contributed by the lens, a biconvex and translucent capsule which is anchored to 

the ciliary body. Aqueous humor is produced by the ciliary body in the posterior chamber 

of the eye located between the iris and the lens which then flows outward to the anterior 

chamber. Ciliary muscles can adjust the shape of the lens to vary focusing power, while 

the iris acts as an aperture to control the amount of light entering the eye (Riordan-Eva, 

2017). 
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Figure 1. Internal structures of the human eye. 

An anatomical diagram depicting a cross-sectional view detailing the internal tissues and 

structures found in an adult human eye. The sclera, choroid, and retina are illustrated as 

peeled-away layers to emphasize the extent of fundus coverage by these structures. Re-

printed from Vaughan & Asbury's General Ophthalmology, 19e, by P. Riordan-Eva, 2017, 

Mc-Graw-Hill Education. Copyright 2018 by McGraw-Hill Education, Inc. 

 

 Internal to the anterior and posterior chambers are the vitreous humor, retina, and 

the choroid. The vitreous humor is a hydrated, gelatinous, and clear substance constituting 

the majority of the volume of the globe. Lining the inner, posterior surface of the eye, also 
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referred to as the fundus, are the choroid, retina, and retinal pigment epithelium. These 

structures extend from the optic nerve disc to the ciliary body. Clarity of the cornea, 

aqueous humor, lens, and vitreous humor is essential to allow the transmittance of light 

through the eye to the retina, where the detection of light and activation of visual sensory 

receptors occurs (Riordan-Eva, 2017). 

 

The Retina 

The retina is a complex collection of neurons and associated cells arranged in 

multiple, distinct layers (Figure 2). Beginning from the most interior aspect and ending at 

the innermost side of Bruch’s membrane (BM) in the choroid, ten layers have been defined 

by current literature: the internal limiting membrane (ILM), the nerve fiber layer, the 

ganglion cell layer, the inner plexiform layer, the inner nuclear layer, the outer plexiform 

layer, the outer nuclear layer, the external limiting membrane, the photoreceptor layer, and 

the retinal pigment epithelium (Gupta, 2015). The order, structure, and composition of the 

retinal layers is crucial to ensure light traveling through the eye is received and converted 

into an electrical signal that is relayed to the optic nerve at the optic disc and then to the 

brain for further processing (Masland, 2012). 
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Figure 2. Layers of the retina. 

A schematic view of the microscopic structure comprising the retina. The ten, distinct 

cellular layers are visible, beginning at the innermost aspect with the internal limiting 

membrane and ending at the pigment epithelium at the outermost aspect. Bruch’s 

membrane is part of the choroid and demarcates the basement membrane of the retina. A 

capillary is depicted to illustrate blood flow supplied from the central retinal artery to the 

inner retina. Re-printed from Vaughan & Asbury's General Ophthalmology, 19e, by P. 

Riordan-Eva, 2017, Mc-Graw-Hill Education. Copyright 2018 by McGraw-Hill Education, 

Inc. 

 

At the center of the retina are the macula and the fovea, which are responsible for 

conferring sharp, central, and highly detailed color vision. The fovea contains only cone 

photoreceptors, making it the thinnest part of the retina. As a result, the fovea is visible 
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upon ophthalmoscopic examination and scans as a small depression in the retina. Along 

the outer aspect of the retina is the retinal pigment epithelium, which is securely adhered 

to the sensory portion of the retina at the ciliary body and the optic disc. Throughout the 

rest of the retina, while the sensory retina and the retinal pigment epithelium are in close 

proximity with one another, the layers may become separated and lead to the creation of a 

subretinal space often seen in many retinal pathologies or retinopathies (Riordan-Eva, 

2017). 

Because the retina is responsible for sensation of light and visual stimuli, 

aberrations in the structure of the retina such as thickness changes can lead to direct and 

immediate consequences in vision. Disruption of the retinal structure can deprive cells of 

the various layers from properly receiving signals and nutrients, which may then lead to 

stress or death of crucial photoreceptors. Since the retina lacks the ability to regenerate 

further receptors and neurons, the repercussions of an abnormal or impaired retina may 

often lead to irreversible blindness if left untreated (Vetter and Hitchcock, 2017). 

 

Vasculature and Nutrient Supply 

Many of the tissues comprising the eye are avascular and derive nutrients and 

oxygen via diffusion through nearby vascular beds, aqueous or vitreous humors, or directly 

from the atmosphere itself as in the case of the cornea. An episcleral vascular bed overlays 

the scleral stroma and supplies oxygen and nutrients to the surrounding tissue. More 

internal structures of the eye rely on passive diffusion through the humors or nearby tissues 
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from the vascular or uveal structures, which are comprised of the iris, ciliary body, and 

choroid (Riordan-Eva, 2017). 

In spite of the lack of extensive vasculature through the entirety of the retina, retinal 

cells and photoreceptors rank among the top oxygen metabolizing tissues in the body. The 

demand for oxygen is fulfilled in part by choroidal capillaries, termed the choriocapillaris, 

lying along Bruch’s membrane. This arrangement is sufficient to deliver required 

metabolites to the outer third of the retina beginning from the retinal pigment epithelium 

and reaching up to the outer plexiform layer via the action of diffusion. The remaining 

inner two-thirds of the retina, except for the fovea, are fed via capillaries branching off the 

central retinal artery. Nutrients and oxygen diffuse from vascularized areas to remaining 

avascular areas such as the fovea (Schmidt et al., 2003). 

 Inner retinal blood vessels lack fenestrations, creating a barrier to ensure more 

control over fluid movement between the vasculature and the retina since the consequences 

of abnormal fluid movement and separation of retinal layers could be catastrophic to visual 

sensory ability, especially if the macula and fovea are involved. At the outer aspect, the 

choriocapillaris do not share the same wall endothelial architecture as the retinal capillaries 

and exhibit fenestrations (Nakao et al., 2018). 

 

Radiation Retinopathy 

Radiation retinopathy is a progressive ocular complication of the retina with mild 

to severe consequences and typically develops following retinal exposure to ionizing 

radiation used for the treatment of malignancies in or around the head (Archer, 1993). The 
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disease was first observed and described in 1933 by Dr. Hyla Bristow Stallard after noting 

changes in the retina following radiotherapy for ocular tumors, a novel treatment for eye-

related malignancies at the time (Stallard, 1933). Symptoms and clinical presentation of 

radiation retinopathy are not immediate. Disease onset typically begins around eighteen 

months post radiation exposure, but the appearance of symptoms may begin appearing as 

early as only a few months or as late as several years later (Yu and Schefler, 2020). 

Very few studies investigating the overall prevalence of radiation retinopathy in the 

general populace have been conducted, and incidence of radiation retinopathy remains an 

active area of research. Current estimates have placed incidence of developing radiation 

retinopathy following ionizing radiation treatment for ocular malignancies at 42-85% of 

patients within five years of exposure. Out of 1,300 patients who had undergone plaque 

radiotherapy at a single care center in Philadelphia, Pennsylvania, about 42% of patients 

were found to have developed radiation retinopathy within five years of treatment (Gündüz 

et al., 1999). At the same care center, a 2010 study estimated that about 7% of patients 

developed proliferative radiation retinopathy, a more severe form, within ten years of 

completing treatment (Bianciotto et al., 2010). In 2016, another study conducted on 

patients at a separate care center in Berlin, Germany found that up to 85% of patients 

treated with proton beam irradiation for ocular malignancies had developed radiation 

retinopathy within five years (Seibel et al., 2016). 
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Pathophysiology 

Pathophysiological manifestations of radiation retinopathy primarily involve 

disruption or developmental irregularities of the ocular vasculature leading to effects upon 

the retina (Archer, 1993). Ionizing radiation can cause chromosomal malformations and 

the formation of free, oxygen-carrying radicals through excitation of water molecules 

ubiquitous in the cellular and extracellular compartments. The extreme reactivity of these 

free radicals damages the molecular stability of many biomolecules, eliciting inflammatory 

changes (Citrin and Mitchell, 2017). 

Endothelial cells lining the blood vessels of the eye are most susceptible to damage 

from disease progression and are forced to undergo apoptosis in far greater proportion to 

the pericytes, the supportive mural cells encompassing the capillaries, because endothelial 

cells are directly exposed to oxygenated blood, and thus free radicals to a larger degree 

than pericytes (Archer et al., 1991). One differentiating feature between radiation 

retinopathy and diabetic retinopathy, which bear very similar to identical clinical 

presentations, is that endothelial cells are often spared from damage while pericytes are 

disproportionately affected in diabetic retinopathy. This selective sparing is in contrast to 

the disease progression of radiation retinopathy. Ultimately, however, many of the clinical 

outcomes and physical symptoms are shared between the two diseases (Maguire and 

Schachat, 2006). 

Microvascular changes associated with radiation retinopathy are similar to those 

found in diabetic retinopathy, such as angiogenesis, neovascularization, microaneurysms, 

and enlargement of the foveal avascular zone and capillary non-perfusion. The latter two 
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processes result in inner retinal hypoxia, macular edema, and subsequent cell death as the 

retinal structure is disrupted (Archer et al., 1991). Radiation damage causing endothelial 

cell death prompts surrounding, unaffected endothelial cells to respond and proliferate in 

order to restore lost segments of the retinal vasculature. Often, the compensatory efforts 

are insufficient, and the new, resulting vessels lack adequate structure. Additionally, retinal 

hypoxia induces production of vascular endothelial growth factor (VEGF) to further 

stimulate production of new blood vessels, which further exacerbates disease symptoms 

(Pe’er et al., 1995). 

Proper filtration and reabsorption of fluid through the capillary beds is impaired 

due to the inadequate mural architecture of the new vessels, leading to increased 

accumulation of extracellular fluid and materials in the interstitial space between layers of 

the retina. As the sensory retina and the retinal pigment epithelium are not strongly attached 

to one another besides at the optic disc and the border along the ciliary body, fluid 

accumulation manifests as retinal or subretinal edema separating the neuronal retinal 

layers. Platelet aggregation and the clotting cascade are also prompted to activate in 

response to the leaky blood vessels, which in turn can cause blockages and ischemia to 

occur in the retina (Spielberg et al., 2013). 

Obstructions to proper blood flow deprives photoreceptors and other neuronal cells 

from receiving survival factors and metabolites, predominately oxygen, necessary for their 

continued survival. The combination of leaky and obstructed vessels leads to reduced 

perfusion and a hypoxic environment which can have devastating outcomes on vision if 

prolonged. Since the ability of the retina to detect and react to light stimuli is directly tied 
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to the thickness and the structural integrity of each neuronal and cellular layer being in 

close proximity with one another, changes that cause deviations in retinal thickness and 

separation of the layers are often reported as distorted, blurred, or loss of vision depending 

on the location of and the extent to which the retina is impaired. If action is not taken to 

preserve or restore retinal integrity, permanent blindness can result from untreated 

radiation retinopathy (Spielberg et al., 2013). 

 

Diagnosis 

  Prior history of radiation exposure, particularly for head and neck malignancies, is 

often the strongest predictor of eventual development of radiation retinopathy or radiation 

papillopathy. The most common symptoms of radiation retinopathy include retinal 

microaneurysms, hemorrhaging, telangiectases, hard exudates, retinal edema, and cotton-

wool spots. Other symptoms may also include neovascularization, atrophy of the retina or 

optic nerve head, or occlusions of the vasculature leading to ischemia (Yanoff and Duker, 

2018). 

Disease onset and clinical presentation of radiation retinopathy often manifest 

similarly to presentations of diabetic retinopathy and begin with changes in the retinal 

vasculature. Radiation retinopathy, like diabetic retinopathy, can be classified as 

nonproliferative or proliferative depending on whether neovascularization is present. If 

large areas of the retina are not adequately perfused, the likelihood of new and aberrant 

angiogenesis and development of proliferative radiation retinopathy increases. 

Proliferative radiation retinopathy can be identified by the presence of vitreous 
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hemorrhaging, neovascularization of the iris and other ocular structures, and glaucoma 

(Yanoff and Duker, 2018). 

Many of these symptoms are apparent upon ophthalmic examination, but further 

diagnostic studies can be ordered to study the extent and elucidate the degree of 

pathological changes in greater, microscopic detail. Optical coherence tomography (OCT), 

OCT angiography, and fluorescein angiography are often employed to image the fundus, 

retina, and vasculature of the fundus. OCT is a common diagnostic technique that can be 

used to not only record current measurements of retinal thickness but also changes in retinal 

thickness during repeat follow-up evaluations, which can be instrumental to monitor 

disease changes, progression, and responses to treatment over time (Gabriele et al., 2011; 

Figure 3). Spectral domain OCT allows visualization of the layers of the retinal, and 

subretinal fluid can be detected with high resolution (Kiernan et al., 2011; Figures 4-5). 
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Figure 3. An OCT scan and thickness map of the right eye. 

A sample printout of an OCT retinal thickness map using Heidelberg Spectralis 

instrumentation and software. The right eye shown here exhibits mild thickening of the 

macula due to complications from diabetes mellitus. (A) A heat map overlaying an image 

of the fundus indicates relative retinal thickness at the region encompassed within the 

diameter of the central point thickness circle. (B) Values of average thickness are 

automatically calculated and displayed in quadrants of the circles along with reference 

values of the center point thickness, the central minimum, central maximum, and diameter 

of the circles. (C) A scan through the retina visualizing the various layers and elucidating 

the structure of the retina. The ILM and BM are outlined in red and demarcate the 

boundaries of the retina. Re-printed from S.D. Nicoară, 2018. 

 

A B 
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Figure 4. OCT of the retinal layers. 

A labelled section of an optical coherence tomography scan with arrows indicating the 

various layers of the retina along with associated structures. The fovea is visible as an 

indentation present at the area with the most diminished total retinal thickness but 

greatest outer nuclear layer thickness. Re-printed from E. Biffi, New England College of 

Optometry, 2019. 

 

 

Figure 5. OCT scan of macular edema seen in a retina with radiation retinopathy. 

An OCT scan through the retina at the level of the fovea with evidence of macular 

edema. A yellow arrow points to a space indicating presence of fluid between layers of 

the retina. Several similar spaces can be observed adjacent to the indicated site. Adapted 

from Gündüz et al., 2019. 
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Because clinical presentations of radiation retinopathy are very similar and nearly 

identical to diabetic retinopathy, care must be taken to obtain a complete medical history 

in order to differentiate between the two diagnoses. Although history of retinal exposure 

to ionizing radiation is a strong predictor for the development of radiation retinopathy in 

many cases, it does not absolutely ensure that disease progression will occur. Complete 

medical history including preexisting comorbidities must be taken into account before 

other differential diagnoses can first be ruled out. Other similar retinopathies and 

oculopathies that share some clinical presentation with radiation retinopathy are branch 

and central retinal vein occlusions, retinal telangiectasia, hypertensive retinopathy, Coats’ 

disease, and human immunodeficiency virus retinopathy (Kon Graversen, 2016). 

 

Management 

Currently, no standard treatments for radiation retinopathy have been established 

by the United States Food and Drug Administration. Because of the oftentimes nearly 

identical clinical presentations of radiation retinopathy and diabetic retinopathy, many 

therapeutics and techniques used to treat diabetic retinopathy are frequently employed to 

manage complications of radiation retinopathy with varying degrees of success (Yu and 

Schefler, 2020). Treatment options range from laser photocoagulation therapy to 

pharmacological agents and surgical techniques (Reichstein, 2015). 

Conventional laser photocoagulation techniques involve use of high-powered 

pulses of light targeted onto affected areas of the retina. High-powered lasers cause a 

photothermal reaction causing conversion of light energy into heat to vaporize and 



 

17 

coagulate retinal tissue, which is believed to limit the spread of macular edema and 

downregulate factors that may promote neovascularization (Kozak and Luttrull, 2015). 

Laser therapy has been employed to treat radiation retinopathies that present with either or 

both retinal and macular edema, though the greatest benefit regarding the use of laser 

therapy seems to be as a preventative measure rather than a reliable solution for long-term 

resolution of symptoms (Yu and Schefler, 2020). 

An interventional case series by Finger and Kurli found that symptoms of radiation 

retinopathy had resolved in 64.4% of patients treated with laser photocoagulation. In the 

same study, sixteen patients had been given prophylactic laser treatment following 

irradiation for choroidal melanomas and before development of clinically evident 

symptoms of radiation retinopathy. Out of the sixteen patients, only three exhibited 

continued disease progression, though it is not known whether all sixteen patients would 

have definitively developed radiation retinopathy without prophylactic laser treatment 

(Finger and Kurli, 2005). A prospective chart review of nineteen patients described 

regression of macular edema in five patients within six months following focal laser 

therapy, and eight patients demonstrated greater than one Snellen line improvement in 

visual acuity. However, upon follow-up evaluation two years later, visual acuity had 

diminished to levels not significantly different from patients who had not undergone laser 

therapy (Hykin et al., 1998). 

 Anti-VEGF agents have been widely studied as pharmacological options to treat a 

variety of oculopathies and have shown effectiveness in managing retinal edema and 

vasculopathy. Patients who have prior history of uveal melanomas often carry higher 
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concentrations of VEGF-A and are likely to respond to anti-VEGF agents (Missotten et al., 

2006). A 2016 study of 120 patients observed that 80% had stabilized or improved visual 

acuity following treatment using anti-VEGF therapy. Projections of retaining stable visual 

acuity five and eight years later were 69% and 38%, respectively. In addition to reduction 

or regression of either or both macular and retinal edema, cotton-wool spots were also 

resolved following anti-VEGF therapy (Finger et al., 2016). Common anti-VEGF agents 

include bevacizumab, aflibercept, and ranibizumab. Triamcinolone acetonide, a 

corticosteroid, does not target VEGF but has been used alone or in conjunction with anti-

VEGF agents and has demonstrated reduced macular edema (Shah et al., 2013). 

 Surgery is not employed as often as other techniques, but it may be considered in 

order to alleviate either or both vitreous hemorrhaging and retinal detachment observed in 

some serious cases of radiation retinopathy. Pars plana vitrectomy is traditionally 

recommended when other options such as intravitreal injections or laser therapy are not 

indicated to be effective enough to manage disease complications. Surgical options are not 

without significant risk, however, and patients may be more susceptible to developing 

additional complications such as increased risk of infection, retinal tears or further 

detachments, macular holes, or macular puckers (Yu and Schefler, 2020). 

A 2015 study observed that eight out of sixteen cases that had undergone vitrectomy 

to treat vitreous hemorrhaging and retinal detachment associated with radiation retinopathy 

reported improvement in vision following surgery. Nine cases exhibited anatomic 

resolution of symptoms (Chia et al., 2015). Surgical intervention has also been investigated 

as a prophylactic measure to abate potential side effects and reduce risk of retinopathy from 
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radiation scatter during treatment for uveal melanomas. Out of twenty patients who 

underwent pars plana vitrectomy with silicone injection simultaneously with treatment via 

iodone-125 plaque brachytherapy, roughly two-thirds of cases reported “good” visual 

outcomes following combined surgery and brachytherapy. In contrast, about a quarter of 

control patients who did not undergo vitrectomy and completed brachytherapy only 

reported “good” visual outcomes (McCannel et al., 2016). Vitrectomy has been found to 

increase the oxygen levels in the vitreous after surgery (Stefánsson, 2001). 

 

Hyperoxia Therapy 

 Hyperoxia therapy refers to the administration of supplemental oxygen in 

concentrations higher than normally breathed values (Mach et al., 2011). Exposure to an 

excessive amount of oxygen can result in increased risk of oxidative damage and oxygen 

toxicity; however, in cases of hypoxia and hypoxemia, hyperoxia therapy has become a 

useful treatment to increase the amount of dissolved oxygen in the blood and restore 

oxygenation to affected cells and tissues (Casillas et al., 2019). 

 Hyperoxia therapy can be divided into hyperbaric oxygen therapy (HBOT) and 

normobaric hyperoxia (NBH). HBOT is the administration of supplemental oxygen at both 

elevated concentrations and pressures compared to normal environmental and 

physiological conditions. NBH, in contrast, involves supplemental oxygen at higher than 

normal concentrations but at one atmosphere of total pressure (Bennett et al., 2015). 
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Fraction of Inspired Oxygen 

 Fraction of inspired oxygen (FiO2) refers to an estimate of the proportion of inhaled 

oxygen within the inspired gaseous mixture. Breathing normal, atmospheric air results in 

a FiO2 of 21%, which is reflective of the amount of oxygen in atmospheric air regardless 

of altitude. Values of FiO2 bear consequence on the partial pressure of oxygen available in 

the alveoli (PAO2) and ultimately the systemic arterial circulation (PaO2). These values are 

quantifiable through the alveolar gas equation: PAO2 = (PATM – PH2O×FiO2) – (PaCO2/Rq). 

Assuming no pathological barriers to diffusion exist in the lung, increasing FiO2 thus 

increases PaO2 and the amount of free molecular oxygen dissolved in the blood. A greater 

amount of dissolved oxygen available in the circulatory system has clinical significance as 

a potential solution to restore oxygenation for patients who suffer from partial or systemic 

hypoxia (Fuentes and Chowdhury, 2021). 

 

Use in Animal Models of the Retina 

Several studies of hyperoxia in animal models of normal and diseased retinas have 

presented evidence for the potential therapeutic benefit of hyperoxia for treating ocular 

disorders. In 1989, Linsenmeier and Yancey first characterized the interaction between 

retinal metabolism and increased oxygenation by measuring the distribution and 

consumption of oxygen in cat retinas during conditions of hyperoxia. During hyperoxia, 

the majority of the oxygen tension in the retina was found to be contributed by oxygen 

diffusing from the choroid instead of the central retinal artery (Linsenmeier and Yancey, 

1989). A later study by Wang and Linsenmeier also showed that hyperoxia administration 
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was able to improve photoreceptor survival rates in detached cat retinas and likely 

conferred a protective effect against further damage to the remaining photoreceptors (Wang 

and Linsenmeier, 2007). 

A 1989 study by Pournaras et al. supported Linsenmeier and Yancey’s 1989 

findings by demonstrating that rates of oxygen diffusion across pig retinas improved 

following administration of hyperoxia. Miniature pigs with normal and ischemic retinas 

were anesthetized and exposed to conditions of hyperoxia while partial pressure of oxygen 

in the retinal tissue was measured using microelectrodes. When compared to control values 

obtained during conditions of normoxia, the authors found that hyperoxia provided 

sufficient oxygenation to allow the choroid to supply oxygen through the entire thickness 

of the ischemic retina (Pournaras et al., 1989). In a similar model conducted on a primate 

model of retinal ischemia, Pournaras et al. also determined that hyperoxia lowered the 

expression of VEGF while restoring oxygenation to the retina (Pournaras et al., 1997).  

The combinatorial effect of both normobaric hyperoxia and VEGF inhibitors on 

mouse models of oxygen-induced retinal ischemia was investigated in a 2011 experiment 

by Zhang et al. Hyperoxia treatment was shown to ameliorate vascular repair and facilitate 

inhibition of neovascularization during the pre-proliferative phase of ischemic retinopathy, 

providing further evidence to support the use of hyperoxia for the treatment of oculopathies 

(Zhang et al., 2011). 
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Clinical Use of Hyperoxia for Retinopathies 

Many retinopathies involve a disruption in the ability to properly oxygenate the 

retina due to thickening, separation of retinal layers, or vascular disruption causing edema 

and detachment. Often these complications create a hypoxic environment, but increased 

oxygen availability in the choroid and, to a lesser extent, the retinal artery during hyperoxia 

treatment can deliver enough available oxygen to replenish most of the metabolic demands 

of the retina (Murphy-Lavoie et al., 2012). 

 

Diabetic Retinopathy 

Several works describing the beneficial effects of hyperoxia on diabetic retinopathy 

have been published. The role of hyperoxia to treat symptoms of diabetic retinopathy was 

first described in 1996 study of twelve patients suffering from ocular complications due to 

diabetes. Participants were given 100% O2 at normal atmospheric pressure for fifteen 

minutes, increasing end tidal partial pressure of oxygen up to 700 mmHg. Following 

hyperoxia administration, contrast sensitivity was found to have significantly improved in 

the hyperoxia cohort when compared to controls (Harris et al., 1996). Five patients who 

received 36% FiO2 (4 L/min O2) at normal atmospheric pressure continuously over the 

course of three months as part of a pilot study exhibited reduced thickness at the fovea by 

about 43.5% while excessive macular volume was reduced by 54% (Nguyen et al., 2004). 

HBOT also ameliorated breakdown of the blood-retinal barrier in diabetic retinopathy 

(Chang et al., 2006). A 2012 study on the acute effects of hyperoxia on diabetic macular 
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edema in eleven patients showed a 1.2% reduction in the volume of the macula two hours 

following treatment (Vinten et al., 2012). 

 

Retinal Artery and Vein Occlusions 

Cases of central retinal artery occlusion (CRAO) and retinal vein occlusion have 

also shown improvements in symptoms following hyperoxia treatment. Administration of 

supplemental hyperoxia within twenty-four hours of first reported loss of vision is a well-

established treatment to facilitate restoration of vision and prevent permanent damage due 

to hypoxia-induced cell death of the retina in patients with central retinal artery occlusions 

(Olson, 2016). NBH therapy results in treatment effectiveness similar to HBOT in many 

cases, although more severe cases of CRAO are noted to respond better to hyperbaric 

treatments (Murphy-Lavoie et al., 2012). In a recent study by Arroyo et al., participants 

diagnosed with macular edema from complications due to retinal vein occlusion were given 

40% FiO2 (5 L/min O2) NBH for three hours. Retinal thickness measurements were 

collected before and after supplemental oxygen administration and compared. Mean central 

macular thickness was decreased by 4.64% and maximum macular thickness decreased by 

an average of 7.10% (Arroyo et al., 2021). 

 

Radiation Retinopathy 

Two case studies have been published investigating the use of hyperbaric oxygen 

therapy (HBOT) for the treatment of radiation retinopathy in human patients. A 2007 

article by Gall et al. described a 63-year-old woman who had been diagnosed with severe 
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radiation retinopathy in the left eye four years after treatment of a choroidal melanoma with 

ruthenium-106 brachytherapy. Evidence of hard exudates on the retina surrounding the 

optic nerve were discovered upon examination of the fundus. Visual field testing showed 

that she could only perceive visual stimuli in the upper and lower margins of her field of 

view. The patient had a history of adverse reactions to steroid medication and was 

recommended to trial HBOT as an alternative treatment option. Twenty sessions of two-

hour 100% O2 at a pressure of two atmospheres were performed. Two months post HBOT, 

follow-up examination revealed complete resolution of hard exudates upon the retina and 

visual field testing showed that a significant portion of the lower half of her field of vision 

had been restored (Gall et al., 2007). 

In a 2010 case report by Haji and Frenkel, a 62-year-old man presented with 

radiation-induced macular edema in his left eye. Over the course of one month, the patient 

completed eighteen HBOT sessions at 100% O2 at a pressure of two atmospheres. 

Following HBOT, visual acuity measurements showed marked improvement from the 

20/100 level to 20/50. Macular thickness was stabilized, indicating that retinal edema had 

not worsened, and fluorescein angiography showed some evidence of improved perfusion 

of the macula. As a caveat, the investigators noted that the improvement in vision and 

symptoms could have been attributed to the effects of an intravitreal triamcinolone 

injection administered prior to beginning HBOT. Alternatively, improvement in vision and 

radiation retinopathy symptoms could also have been due to a combinatorial effect of 

HBOT complimenting the actions of intravitreal triamcinolone (Haji and Frenkel, 2010). 
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To date, no studies investigating the effects of normobaric hyperoxia on radiation 

retinopathy have been reported. Since similar retinopathies have seen improvement in 

symptoms following NBH therapy when compared to HBOT studies, it can be 

hypothesized that NBH treatment will elicit beneficial responses in cases of radiation 

retinopathy.  
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SPECIFIC AIMS 

 

 Given the previous success of hyperoxia treatment for retinopathies involving 

retinal vascular disorders, we hypothesized that retinal edema associated with radiation 

retinopathy will also benefit from normobaric hyperoxia treatment. Our study sought to 

determine whether low dose normobaric hyperoxia therapy reduced retinal edema and 

improved visual acuity in a case study of a patient with radiation retinopathy. We hope that 

our findings will further expand current knowledge regarding the use of normobaric 

hyperoxia in the clinical ophthalmologic setting as a potential disease management option 

for radiation retinopathy and lend support for the use of hyperoxia as a novel treatment for 

less common ocular disorders involving retinal vascular disease. 
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METHODS 

Study Recruitment and Design 

 Three patients were initially screened for eligibility and invited to participate in our 

study of short-term NBH treatment. Inclusion criteria consisted of several parameters: 

patients must have received confirmed diagnoses of radiation retinopathy at the Retina 

Service at Beth Israel Deaconess Medical Center (BIDMC), presented with evidence of 

vision loss and retinal or macular edema, and had symptoms that did not resolve or respond 

well to previous intravitreal injections or laser therapy. Patients who had been diagnosed 

with chronic obstructive pulmonary disorder, diabetes with ocular complications, and any 

other disease involving the retinal vasculature were excluded from consideration in order 

to reduce potential confounding variables. This study was approved by the BIDMC 

Institutional Review Board. Following an explanation of the study’s investigative purpose 

and possible side effects and consequences, the patients signed consent forms prior to 

beginning NBH trials (Appendix, Figure A). 

Of the three participants initially recruited to the study, one participant was able to 

maintain follow-up appointments and complete all NBH and NBN trials. Two three-hour 

40% FiO2 NBH trials were conducted five months apart. Before each trial, an ophthalmic 

examination was performed. VA measurements and OCT scans were taken before and after 

each trial (Appendix, Figure B). In between trials, the patient returned to BIDMC for 

additional routine ophthalmic evaluations to monitor for any significant or adverse changes 

during the course of the study. To determine whether the observed changes in visual acuity, 

contrast sensitivity, and retinal thickness following each session were not due to random 
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chance or a separate confounding factor, one three-hour 20% FiO2 normobaric normoxia 

(NBN) session was performed one month after the second NBH session and served as the 

study’s control (Appendix, Figure C). 

 

Ophthalmologic Examination 

 At the beginning of each examination, the participant’s chief complaints and all 

associated symptoms were recorded. Past medical history, including current medications 

and family history, were confirmed. Best-corrected visual acuity and intraocular pressures 

were measured for both eyes. 

Topical anesthetic eye drops were administered to both eyes prior to intraocular 

pressure measurements in order to prevent discomfort from the handheld tonometer. 

Sympathomimetic eye drops (2.5% phenylephrine) and anticholinergic eye drops (0.5% 

tropicamide) were then applied to both eyes to enable rapid and wide dilation. 

Basic slit lamp biomicroscopy and a binocular indirect ophthalmoscope were used 

to conduct the examination, which was performed by the same attending ophthalmologist 

at each appointment. A complete assessment of the fundus was completed and any changes 

or significant findings from the last visit were recorded. 

 

Normobaric Oxygen Administration 

 An EverFlo portable oxygen concentrator manufactured by Philips Respironics was 

used to deliver normobaric hyperoxia through a Hudson facemask fitted over the 

participant’s nose and mouth. For each NBH trial, a constant stream of 40% FiO2 (5 L/min 
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O2) at normal, atmospheric pressure was administered to the participant over the course of 

three hours. For the NBN control session, a sham portable oxygen concentrator was used 

to deliver room air at normal, atmospheric pressure through the same Hudson facemask 

that had been used for the NBH trials. 

The participant was awake and seated for the duration of each session in a 

temperature-controlled, clinical examination room illuminated by ambient lighting. A 

researcher and attending physician were present to monitor the participant for signs of 

adverse reactions or distress during the duration of the supplemental oxygen 

administration.  

 

Visual Acuity 

 A back-illuminated Early Treatment Diabetic Retinopathy Study (ETDRS) chart 

composed of rows of successively smaller letters was used to assess best-corrected distance 

visual acuity at twenty feet. Each eye was tested separately before topical anesthetic or 

dilating eye drop application. During NBH and NBN sessions, visual acuity was measured 

immediately prior to and following supplemental oxygen administration. The same 

ETDRS chart and clinical examination room was used for each repeat follow-up 

appointment and supplemental oxygen session. Visual acuity measurements were scored 

as fractions with superscripts denoting how many additional or fewer letters the participant 

was able to identify in the next or prior lines, respectively. Fractional values were then 

converted to LogMAR values for quantitative analysis. 
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Optical Coherence Tomography 

 A single operator conducted all OCT scans on the participant before and after each 

NBH or NBN session. A Heidelberg Spectralis instrument manufactured by Heidelberg 

Engineering (Heidelberg, Germany) was used to perform OCT scans. Images were taken 

in follow-up mode to ensure fidelity of measurements along the same area of maximal 

edema. The operator ensured that the participant’s head and pupils were aligned correctly 

with the instrument and that the fundus was optimally focused and illuminated before 

proceeding with each scan. 

Scans were centered on the fovea and included the optic nerve head, encompassing 

both macular and peripapillary (i.e. surrounding the optic nerve) edema. Horizontal, 

vertical, and volume scans through the retina were performed. To obtain measurements of 

center point thickness (CPT) along the site of maximal edema, a circle of six millimeters 

in diameter was manually moved to five points chosen around the optic disc. Calculations 

of volume, thickness, and retinal parameters were performed automatically by the 

Heidelberg Spectralis software, and data was exported for further analysis. 

 

Statistical Analysis 

 CPT values were collected from OCT measurements at five points centered along 

the area of maximal retinal edema before and after each NBH and NBH session. The CPT 

values from each session were averaged to give a mean retinal thickness with standard 

deviations before and after each trial of supplemental oxygen. Mean retinal thickness 

following NBH was subtracted from mean retinal thickness prior to NBH administration 
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to give a mean difference in retinal thickness. Percent differences and standard deviation 

in retinal thickness following each supplemental oxygen study were also calculated using 

the same CPT values that were used to determine mean retinal thickness. Standard 

deviations were also calculated for each percent difference. 

Mean differences and percent differences in retinal thickness for each NBH 

measurement were compared against NBN measurements from the same participant along 

the same points of maximal edema, with the measurements from the NBN study serving as 

a control. A student’s one-tailed t-test was used to analyze statistical significance and 

determine whether any significant reduction in mean retinal thickness existed. Significance 

was defined as p-values below a threshold of α=0.05. 

  



 

32 

RESULTS 

 

Case History and Presentation 

 A 32-year-old, Caucasian male was referred to the Retina Service at BIDMC in 

2001 by his optometrist following a routine eye exam for myopic astigmatism after the 

discovery of a choroidal nevus in the left eye. Prior medical history included asthma, high 

cholesterol, generalized anxiety disorder, and previous back surgery, but no other known 

ocular conditions aside from myopic astigmatism were reported. The patient had never 

been diagnosed with diabetes or hypertension. His father had previously been diagnosed 

with prostate cancer while his sister had been diagnosed with breast cancer. Regarding 

prior family history of eye diseases and disorders, he reported that his maternal 

grandmother had suffered from age-related macular degeneration, while his mother and 

father both had a history of cataracts. When a history of present illness was conducted, the 

patient denied the presence of flashes, floaters, or ocular pain. He denied knowledge of any 

allergies and reported no current medications. 

Upon ophthalmic examination, the lesion was found to be flat and measured three 

millimeters by six millimeters. Best-corrected visual acuity was found to be 20/20 in both 

eyes following Snellen chart testing. Intraocular pressures were normal. The growth was 

indicated to be benign but with the potential to grow into a melanoma. His right eye was 

found to be unremarkable for retinal changes. Routine follow-ups were recommended 

every six months to monitor for any significant changes. 
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 Approximately fourteen years later (2015), the patient returned to the Retina 

Service at BIDMC with complaints of distorted vision in his left eye. His retinal exam 

revealed that his choroidal lesion had grown laterally in size as well as elevation. Evidence 

of new subretinal fluid suggested recent growth, and the patient was diagnosed with uveal 

melanoma in the left eye. The patient was referred to Massachusetts Eye and Ear for proton 

beam irradiation to treat the malignancy, which was performed one month later. Intravitreal 

injections of bevacizumab (1.25 mg/0.5 mL) in the left eye every two months were also 

prescribed to prevent radiation retinopathy. 

 Despite anti-VEGF therapy, the patient was diagnosed with radiation retinopathy 

four months following irradiation (2016). Intravitreal bevacizumab injections were 

continued every two months but visual acuity in the left eye continued to steadily worsen 

to the 20/60-2 level. Approximately two years after the radiation retinopathy diagnosis 

(2018), OCT scans revealed evidence of new retinal edema located superiorly around the 

optic disc. Prominent peripapillary fluid was observed while some mild subretinal fluid 

was found in the foveal area. Inferonasal capillary dropout was also noted. Intravitreal 

triamcinolone acetonide (2 mg) was recommended and intravitreal bevacizumab was 

discontinued. At a follow-up appointment three months later, OCT imaging revealed 

increased intraretinal fluid and the patient was prescribed 2 mg intravitreal aflibercept 

(Eylea) for the left eye every two months. He was then referred back to the Retina Service 

at BIDMC for continued care. 

At the time of presentation, his medications included 10 mg fluoxetine, 10 mg 

montelukast, 10 mg omeprazole, and 10 mg simvastatin. He was status post ten intravitreal 
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bevacizumab injections, one intravitreal triamcinolone acetonide injection, and two 

intravitreal aflibercept injections (Figure 6). The patient denied any new flashes or floaters 

and reported no ocular pain. Intraocular pressures were normal. OCT imaging revealed 

evidence of severe peripapillary edema in the left eye (Figure 7). His best-corrected visual 

acuity was 20/20 in the right eye and 20/80+2 in the left eye. 

 

 

Figure 6. Timeline of case presentation. 

A timeline delineating the course of the patient’s case history from time of irradiation and 

radiation retinopathy diagnosis to final follow-up appointment. Notable clinical events are 

indicated by lines above the horizontal axis while timing of intravitreal injections are 

represented lines below the horizontal axis, both of which have been spaced at intervals 

relative to their time of occurrence. The NBH trials and control session are indicated in 

bold. 
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Normobaric Hyperoxia and Normoxia Trials 

 Retinal thickness along the area of edema was found to be reduced by an average 

of 27±7.14 µm after the first NBH trial with a mean percent reduction in retinal thickness 

of 4.35±1.01% (Table 1, Figures 8-9). Best-corrected VA was improved from 20/63-2 

(LogMAR=0.54) prior to supplemental oxygen administration to the 20/63+1 (0.48) level 

directly after the first NBH trial (Table 2, Figure 10). 

After the second NBH trial, average retinal thickness along the area of edema was 

reduced by an average of 20.2±2.59 µm with a mean percent reduction in retinal thickness 

of 4.42±0.58% (Table 1, Figures 8-9). Best-corrected VA was improved from 20/50 (0.4) 

prior to the session to 20/32-1 (0.22) immediately after (Table 2, Figure 10). 

Following the NBN control session, average retinal thickness was observed to have 

decreased by 5.8±0.84 µm following the session, and the mean percent reduction in retinal 

thickness was found to be 1.71±0.23% (Table 1, Figures 8-9). Best-corrected VA remained 

relatively the same at 20/40-1 (0.32) prior to beginning the NBN trial and 20/40 (0.3) 

directly following conclusion of the NBN session (Table 2, Figure 10). 
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Figure 7. OCT scan of the fundus and retina. 

(A) Optical coherence tomography thickness map image of the fundus of the left eye. Each 

square represents the location of center point thickness measurements that were taken along 

the area of maximal edema, outlined by the region in red. (B) A vertical scan through the 

retina at the site of maximal edema demonstrating accumulation of fluid between retinal 

layers. ILM and BM denote the boundaries of the retina while the green vertical line 

represents the axis of the scan. A yellow arrow points to evidence of edema. 
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Table 1. Measurements of retinal thickness before and after supplemental oxygen. 

A summary of the mean retinal thickness measured by OCT scans in micrometers before 

and after each NBH or NBN (control) session, the average difference in retinal thickness, 

and the percent reduction in retinal thickness following administration of oxygen therapy. 

 NBH 1 NBH 2 Control 

 Before After Before After Before After 

Mean (µm) 617.8  590.8 457.4 437.2 338.4 332.6 

Difference (µm)  27±7.14  20.2±2.59  5.8±0.84 

% Change  4.35±1.01  4.42±0.58  1.71±0.23 

 

 

Table 2. Best-corrected visual acuity before and after supplemental oxygen. 

Measurements of ETDRS visual acuity and their corresponding LogMAR values taken 

before and after each NBH and NBN (control) session. A lower LogMAR value 

corresponds to higher visual acuity. 

 Before After 

ETDRS LogMAR ETDRS LogMAR 

NBH 1 20/63-2 0.54 20/63+1 0.48 

NBH 2 20/50 0.4 20/32-1 0.22 

Control 20/40-1 0.32 20/40 0.3 

 

Retinal thickness was found to be significantly reduced following each NBH trial 

when compared to NBN measurements (p=0.001 and 0.0002, Figure 7). The patient 

showed a significant percent decrease in retinal thickness along the area of edema after 

hyperoxia treatment (Figure 8) while VA was seen to have changed from the 20/80 level 

before the trials to 20/40 in the left eye after the trials (Table 2, Figure 10). 
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Figure 8. Retinal thickness measurements before and after supplemental oxygen. 

Darker colored box and whisker plots represent retinal thickness measurements taken 

before administration of NBH or NBN. Lighter colored box and whisker plots represent 

retinal thickness measurements after each session. Asterisks denote statistically significant 

reduction when compared to control values. 
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Figure 9. Percent reduction in retinal thickness following supplemental oxygen. 

Average percent reduction in retinal thickness following administration of NBH or NBN 

(control). Standard deviation is represented by error bars. Asterisks denote a statistically 

significant reduction in retinal thickness when compared to the control. 

 

 

 

 

0.000%

2.000%

4.000%

6.000%

NBH 1 NBH 2 Control

*
*



 

40 

 

Figure 10. Visual acuity measurements before and after supplemental oxygen. 

ETDRS measurements were converted to LogMAR values for quantitative analysis. 

Values are given above each point. Lower LogMAR values correspond to greater visual 

acuity. 

The patient tolerated hyperoxia treatment well with no signs of adverse reactions 

or events. No instances of incomplete treatment or deviations from protocol were recorded. 

 

Outcomes Post-Trials 

 One month after completing the NBH study, the patient returned to the Retina 

Service at BIDMC for a follow-up visit. No significant changes in VA or retinal edema 

were noted from the last visit. Best-corrected VA in the left eye was 20/40+2. OCT scans 

indicated no changes in retinal edema, which was no longer recurring. No further 

treatments and continued observation were recommended, and the patient was referred 

back to Massachusetts Eye and Ear for routine care. 
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 The patient completed three more intravitreal aflibercept injections, spaced two 

months apart, in the left eye. At a follow-up appointment one year after the conclusion of 

the low dose NBH study (2020), the patient’s retinal edema was shown to have fully 

regressed, and best-corrected visual acuity was stabilized at the 20/40-2 level in the left eye 

and 20/20 in the right eye. 
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DISCUSSION 

 

 Retinal thickness was found to be significantly reduced and visual acuity improved 

following administration of three hours of 40% FiO2 NBH. This is the first report of low-

dose NBH therapy contributing to a rapid and significant reduction in retinal edema and an 

improvement in VA when compared to sham treatment in a patient with radiation 

retinopathy. 

Our findings support and parallel the results of other NBH studies conducted in 

patients with diabetic macular edema and retinal vein occlusion that also found rapid, 

significant reduction in macular edema and immediate improvement in vision (Nguyen et 

al., 2004; Arroyo et al., 2021). Given that the pathophysiology of all three of these diseases 

results in inner retinal ischemia, our findings regarding the use of supplemental NBH to 

treat an oculopathy involving disorder of the retinal vasculature are not unexpected. 

In our patient, maximal retinal edema was located around the optic disc with some 

minimal edema involving the fovea. The macula and the fovea are known to constitute the 

majority of central vision, while the periphery of the retina contributes in varying degrees 

to visual perception (Riordan-Eva, 2017). Many ocular disorders and retinopathies that 

cause the greatest impairment of vision often involve the fovea and the macula instead of 

the optic disc. If the area of maximal retinal edema had involved the macula and fovea, we 

might have expected a greater and more consistent improvement in visual acuity following 

treatment with supplemental oxygen. Though our patient demonstrated improved visual 

acuity following NBH treatment, further repeat trials with larger groups of participants are 
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needed in order to calculate whether any visual acuity changes associated with NBH 

represent statistically significant improvements. 

Furthermore, while oxygen delivery at higher than atmospheric pressures in 

hyperbaric chambers has been shown to improve vision in patients with radiation 

retinopathy, hyperbaric oxygen treatment is associated with significantly greater cost, less 

availability, and greater risk of systemic complications. High operating costs and resources 

required to outfit or maintain hyperbaric chambers may incur financial burden to a care 

facility not already equipped with one (Lipsky and Berendt, 2010; Oguz and Sobaci, 2008). 

In contrast, NBH treatments present a more affordable, accessible, and safer alternative to 

HBOT (Singhal et al., 2005). Portable oxygen concentrators can be more easily obtained 

by clinics and hospitals and prescribed for home use, negating the need for patients to 

return to care facilities for continued treatment. 

 The long-term, systemic effects of NBH for use in the treatment of ophthalmic 

disorders has not yet been well characterized. HBOT has been implicated as a cause for 

myopia and cataract formation, though whether NBH may elicit the same risks in patients 

is yet to be studied (Palmquist et al., 1984). Experimentally, exposure to normobaric 

hyperoxia for four hours a day over the course of one week was shown to increase incidence 

of nuclear cataract formation in rabbit lenses (Wang et al., 2009). It is unclear whether 

these effects may be replicated in vivo in human eyes. 

While NBH is a common therapy employed to manage hypoxemic and hypoxic 

conditions, increased exposure to greater than normal FiO2 over an extended period of time 

in an individual not suffering from oxygen deficiency may lead to toxicity. Exposure to 



 

44 

higher than atmospheric levels of oxygen have been shown to increase production of 

reactive oxygen species in the body, which potentially could lead to inflammatory changes 

and oxidative damage to tissues (Mach et al., 2011). Our study employed low dose NBH 

at a flow rate recommended to minimize risk of developing complications due to hyperoxia 

(Mach et al., 2011). Further long-term follow-up studies, however, are needed to fully 

characterize potential risks and benefits of extended NBH treatment. 

To understand the efficacy of NBH and its applicability to wider patient populations 

suffering from radiation retinopathy, repeat studies with larger cohorts of patients should 

be performed. In addition, future studies may vary the duration of NBH treatment to 

determine whether longer periods of hyperoxia may exhibit more marked effects or confer 

additional benefit to patients. Alternatively, the duration of NBH treatment could be 

reduced to determine whether shorter periods of supplemental hyperoxia administration 

may be sufficient to elicit similar reductions in edema and improvements in visual acuity. 

Two normobaric hyperoxia trials were performed in our study, and it is unknown 

how the patient and his symptoms would have responded to further sessions. Repeat studies 

should test whether further sessions of NBH would continue to correspond to reduction of 

edema and improvement of visual acuity or if there exists an upper limit to the efficacy of 

NBH in treating ocular vasculopathies. It is worth noting that even after the NBN control 

session, some reduction in retinal edema was seen. This reduction may have been due to 

increased rebreathing of CO2 from the Hudson facemask, which would have led to slightly 

elevated blood CO2 levels (Campkin et al., 1993). In response to elevated partial pressures 

of CO2, central chemoreceptors and homeostatic mechanisms will act immediately to 
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increase cerebral blood flow in order to transport and eliminate excess CO2 (Battisti-

Charbonney et al., 2011; Jensen et al., 1991). Increased blood flow to edematous regions 

has been shown to be associated with reduced interstitial fluid accumulation by increasing 

venous return in those areas (Burgess et al., 2019; Hettrick, 2009). Greater blood flow to 

the head region will ultimately also increase flow to the ocular vasculature, which may 

have contributed to the reduction in edema observed in the NBN trial. 

 During the course of this study, the patient had begun intravitreal aflibercept 

treatment two months prior to the study and had received two additional injections between 

NBH and NBN sessions. Though the patient’s retinal edema did not respond to earlier 

intravitreal triamcinolone acetonide and intravitreal bevacizumab treatments, it is not 

unlikely that the decrease in mean retinal thickness at the site of maximal edema between 

the time of the first and second NBH studies and the NBN study was due to continued 

aflibercept treatment. We cannot conclude whether NBH administration helped contribute 

to or compliment the effects of aflibercept treatment leading to eventual resolution of 

retinal edema and stabilization of visual acuity following completion of the study. 

 Further studies regarding the potential interactions between NBH treatment and 

current treatments, such as laser therapy and intravitreal injections, should be performed to 

determine the efficacy of utilizing NBH alone, whether and how hyperoxia may affect the 

actions of common therapeutic techniques and medications used to treat radiation 

retinopathy, and the degree of effectiveness in combining these treatment options. NBH 

therapy also presents a non-invasive alternative to intravitreal injections and may be 

prescribed for use at home. If proven sufficient, this option would then reduce burden on 
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patients to return for repeat laser procedures or injections, which often necessitate monthly 

or weekly appointments over the course of several months (Sivaprasad and Oyetunde, 

2016). 

Our findings suggest that the role of NBH in ophthalmic care warrants continued 

investigation. There is not yet enough evidence to indicate that use of NBH may be superior 

to or adequately replace current practices for treating radiation retinopathy, but the results 

of our study suggest that NBH may be a beneficial addition to existing treatment repertoire 

to manage complications due to radiation retinopathy.  
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CONCLUSION 

 

In a patient with radiation retinopathy, short-term 40% FiO2 NBH treatment 

resulted in improved visual acuity and significant reduction of retinal edema when 

compared to sham treatment. NBH therapy is a simple, safe, and ubiquitous treatment that 

may expand therapeutic options for patients suffering from radiation retinopathy. For these 

reasons, we believe the role of NBH in ophthalmic care warrants continued investigation. 

  



 

48 

APPENDIX 

Figure A – Part 1. Page 1 of the study consent form. 
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Figure A – Part 2. Page 2 of the study consent form. 
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Figure A – Part 3. Page 3 of the study consent form. 
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Figure A – Part 4. Page 4 of the study consent form. 
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Figure A – Part 5. Page 5 of the study consent form. 
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Figure A – Part 6. Page 6 of the study consent form. 
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Figure A – Part 7. Page 7 of the study consent form. 
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Figure A – Part 8. Page 8 of the study consent form. 
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Figure A – Part 9. Page 9 of the study consent form. 
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Figure A (Parts 1 – 10). Study consent form. 

A copy of the consent form that was provided to each potential participant explaining the 

purpose, terms, and possible consequences of the study. 
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Figure B. Order of events during each trial. 

A flowchart representation of the processes conducted during each NBH and NBN trial. 

An ophthalmic examination was performed first by the same attending physician, then VA 

measurements and OCT scans were taken. NBH or NBN was then administered for three 

hours, and VA measurements and OCT scans were taken again immediately following 

conclusion of NBH or NBN administration. 
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Figure C. Order of appointments and trials during the course of the study. 

A flowchart depicting the order of appointments and trials conducted during the study. 

Bolded items indicate an NBH or NBN trial, and non-bolded items indicate a routine, 

follow-up ophthalmic examination between trials to monitor for any adverse or significant 

changes. 
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