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Abstract

Background: Episodic high-altitude exposure leads to optic disc edema and retinopathy. It is 

uncertain whether high-altitude exposure is a risk factor for nonarteritic anterior ischemic optic 

neuropathy (NAION).

Methods: We performed a single-center, retrospective, cross-sectional case study of 5 patients 

with high-altitude–associated NAION (HA-NAION) from April 2014 to April 2019. Main study 
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parameters included known vascular risk factors for NAION, evolution of visual acuity, visual 

field, optic disc, and macula measurements.

Results: We studied 5 eyes of 5 patients with HA-NAION that occurred at 7,000–9,000 ft 

above sea level, 28 patients with classic NAION that developed at sea level (normal altitude 

NAION or NA-NAION), and 40 controls. All 5 patients with HA-NAION had clinically confirmed 

NAION by a neuro-ophthalmologist within 3–21 days of onset and comprehensive follow-up 

evaluations (average follow-up of 23 months). Other than high-altitude exposure, 4 of 5 patients 

had undiagnosed obstructive sleep apnea (OSA, apnea–hypopnea index 5.4–22.2) and 1 had 

systemic vascular risk factors. All patients had disc-at-risk in the contralateral eye. The best-

corrected distance visual acuity was 20/20 to 20/70 (median logMAR 0) at presentation and 20/70 

to counting finger (median logMAR 0) at ≥6 months. Automated static perimetry revealed average 

mean deviation of −18.6 dB at presentation and −22.1 dB at ≥6 months. The average retinal 

nerve fiber layer was 244 μm (80–348 μm) at onset and 59 μm (55–80 μm) at ≥6 months. The 

average ganglion cell complex thickness was 50 μm (43–54 μm) at onset and 52 μm (50–55 μm) 

at ≥6 months. The patients with OSA were started on home continuous positive airway pressure 

treatment. Visual outcomes were similar in patients with HA-NAION and NA-NAION. - After 

addressing all NAION risk factors, no new events occurred in the HA-NAION group within 2–8 

years with or without repeat high-altitude exposure.

Conclusions: NAION can occur under high-altitude conditions. HA-NAION is associated 

with relatively younger age at onset, disc-at-risk, and OSA. These patients exhibit a relatively 

progressive course of vision loss after initial onset and severe thinning of optic nerves on 

optical coherence tomography. Treatment for OSA is recommended, especially with repeated 

high-altitude exposure.

Acute mountain sickness can manifest with visual disturbances, which have been associated 

with evidence of high-altitude cerebral edema. The incidence of high-altitude retinopathy 

and optic neuropathy ranges from 3.8% to 90.5% (1). Optic disc swelling happens in 

mountaineers at high altitudes with an incidence of 59%–79% (2,3), depending on the 

altitude above the sea level and the speed of ascent (4), and may be associated with younger 

age (5). Most of them experience complete resolution on descent. At 1 extreme high-altitude 

expedition (11,500 to 18,000 feet or 5,486.4 m above the sea level), 79% of all climbers 

exhibited retinal hemorrhages (6). Tian et al studied 91 healthy Chinese military members 

assigned to Tibet and found significant increase in optical coherence tomography (OCT) 

retinal nerve fiber layer (RNFL) and macula thickness (7).

Symptoms of acute mountain sickness are related to hypobaric hypoxia, and the symptoms 

typically increase as the altitude increases. Although ambient air contains 20.9% oxygen 

(O2) at all altitudes, lower barometric pressure at higher altitudes causes hypobaric hypoxia, 

which leads to effectively lower percentage of O2. At Sierra Nevada (8,000 ft above sea 

level), the effective O2 concentration of 15.4% means each breath contains 26% less oxygen 

than at sea level. At Mount Kilimanjaro (19,344 ft above sea level), the effective O2 

concentration of 10% means each breath contains 51% less oxygen than at level. At highest 

peak of Mount Everest (29,000 ft above sea level), the effective O2 concentration of 6.9% 

means each breath contains 67% less oxygen than at the sea level.
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Nonarteritic anterior ischemic optic neuropathy (NAION) is the most common acute optic 

neuropathy in those older than 50 years (8). It typically presents with acute unilateral 

painless vision loss accompanied by sectoral or diffuse optic nerve edema. After onset, 

vision loss can progress over weeks. In NAION, ischemia of the posterior ciliary artery 

territory (posterior to lamina cribrosa) (9) leads to altitudinal visual field loss and subsequent 

chronic optic atrophy. Common risk factors include an underlying small/crowded or 

anomalous optic disc (92%) and isolated disc anomalies (26%) such as optic disc drusen, 

cardiovascular risk factor (74%), hypercoagulable states, and vasculitis (8%) (10).

There have been reported cases of NAION at extremely high altitude. One case described 

a 41-year-old man US Air Force pilot who developed superior paracentral visual field loss 

in the left eye with associated optic disc blurred margins (11). Another case occurred in a 

33-year-old man who spent 3 months at 17,953 ft above sea level was attributed to hypoxia-

induced vasospasm and impaired autoregulation (12). NAION as part of acute mountain 

sickness at high altitude has not previously been reported. In this study, we report a cohort of 

5 patients who developed NAION after high-altitude exposure (HA-NAION) and compared 

their clinical characteristics, visual function, optical coherence tomography measurements 

with that of normal altitude (sea level) NAION (NA-NAION), and controls.

METHODS

We performed a retrospective, cross-sectional study at the Byers Eye Institute, Department 

of Ophthalmology, Stanford University School of Medicine. Control eye data were collected 

through convenience sampling in patients with normal examinations. This study protocol 

was approved by the Stanford University Institutional Review Board in accordance with 

the Declaration of Helsinki, and the study procedures were performed according to Health 

Insurance Portability and Accountability Act.

Participants

The timeline from high-altitude exposure to visual disturbance onset was recorded as part 

of the history of present illness. Altitude at the locations of exposure was recorded by 

patient report with verification from the treating physicians. Sleep apnea was evaluated by 

a sleep medicine–trained physician using polysomnography. We performed a retrospective 

study of 5 eyes from 5 patients with HA-NAION, 40 eyes of 28 patients with NA-AION, 

and 40 control eyes. The average follow-up duration was 30 months (11–56 months). 

Inclusion criteria for those with HA-NAION: age older than 18 years who presented with 

vision loss within 2 weeks after exposure to high altitude (>4,000 feet), without major 

vascular risk factors, such as uncontrolled diabetes, hyperlipidemia, hypertension, prior 

ischemic or hemorrhagic strokes, transient ischemic attacks, or heart attacks. NA-NAION 

patient data were collected from patients who had a confirmed diagnosis of NAION without 

high-altitude exposure. Controls were obtained from patients without major eye diseases 

and without NAION. The best-corrected distance visual acuity better than or equal to 

20/30 on the Snellen eye chart and automated visual field (HVF) median deviation better 

than or equal to −2 dB. Exclusion criteria: Flight-related NAION cases were excluded 

given variabilities in presentation and possibly different mechanisms of action from that of 
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HA-NAION. All patients underwent neuro-ophthalmologic examination within 3–21 days 

after developing vision loss. OCT of the RNFL and ganglion cell complex (GCC) thickness, 

as well as HVF, was performed at minimum during initial and the most recent clinic visit.

Statistical Analysis

The Mann-Whitney U test (Graph Pad Prism) was used to determine the difference in mean 

and SD between control and exposure groups. A P value of <0.05 was considered to be 

statistically significant.

RESULTS

Clinical Presentation of High-altitude Nonarteritic Anterior Ischemic Optic Neuropathy

Patient 1 is a typical example of HA-NAION. He was a 49-year-old man with no past 

medical history who was hiking rigorously in Sierra Nevada at 8,000 feet above sea level for 

3 days when he noted left eye blurriness. He descended but continued white water rafting 

for another day. Neuro-ophthalmology evaluation occurred 8 days after symptom onset. He 

had visual acuity of 20/20 in both eyes, normal color vision, normal intraocular pressures, 

a left relative afferent pupillary defect, disc at risk in the right optic nerve, and a diffusely 

swollen left optic disc (Fig. 1). Static perimetry showed an inferior altitudinal visual field 

defect in the left eye and a normal visual field in the right eye. The OCT showed thick 

RNFL of 266 μm and thin GCC of 54 μm. His visual acuity declined to 20/150 6 weeks 

after onset, and his inferior altitudinal visual field defect at onset progressed to generalized 

severe constriction by next HVF 3 months later. The disc edema evolved to optic atrophy. 

Home polysomnography performed a few weeks after initial diagnosis of NAION showed 

mild OSA (AHI 5.4, multiple episodes of flow limitation not accounted for by AHI, history 

of snoring, narrow oropharynx), and he elected to be treated with continuous positive airway 

pressure (CPAP) during sleep when at high altitude. With this regimen, he had no further 

NAION events despite multiple high-altitude exposures, all while using CPAP at night.

Patient 2 was a 74-year-old woman with multiple past history, including Sjogren’s syndrome 

(biopsy proven), hypertension, hyperlipidemia, microvascular right cranial nerve 3 paresis 

occurred at high altitude 1 year prior to HA-NAION (temporal artery biopsy negative, 

normal ESR, CRP), and incidentally noted and right upper lobe lung adenocarcinoma (stage 

IB, T2 N0 M0 resected 2 years prior to HA-NAION). She had sudden onset vision loss of 

the right eye while camping in Sierra Nevada at 7,000 feet. She was seen immediately on 

returning to the sea level by general ophthalmologist and ruled out retinal pathology. Six 

weeks later, she was diagnosed with NAION by neuro-ophthalmologist following negative 

ESR, CRP, and temporal artery biopsy, and at that time, her visual acuity was 20/60 in 

the right eye, and she had optic disc edema. Static perimetry revealed diffuse visual field 

constriction in right eye. There was thick RNFL of 348 μm on OCT. Despite systemic high 

dose corticosteroid treatment, her visual acuity subsequently declined to counting fingers at 

2 feet within 2 weeks and remained the same for 7 years of follow-up, and her OCT had 

severe generalized RNFL and GCC thinning. Her polysomnography showed moderate OSA, 

and she was treated with CPAP but had difficulty tolerating it and stopped after 2 years. She 

had no new events for 7 years.
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Patient 3 was a 49-year-old man with history of well-controlled hyperlipidemia who was 

fly fishing at Yellowstone State Park at 8,000 feet when he noted left eye inferior visual 

field loss. He reported poor sleep 2 nights before symptoms onset, which he attributed to 

allergies at high altitude. His initial left eye visual acuity was 20/20 with unilateral optic disc 

edema. The OCT measurement showed RNFL of 328 μm and static perimetry showed severe 

visual field constriction in the left eye. The most recent follow-up was at 35 months. His 

visual acuity remained at 20/20, and his static perimetry improved had persistent inferonasal 

defect. He had symptoms of sleep apnea for years. The polysomnography showed moderate 

OSA (AHI 22.2), and he was treated with CPAP. He had no further NAION events during 8 

years of followup despite high-altitude exposure.

Patient 4 was a professional high-altitude climber with frequent high-altitude exposure in 

the 8,000–9,000 feet range. Approximately 10 days before onset, he noted 20%–30% vision 

loss in the left eye. We did not have any information of his right eye because he suffered 

from trauma in his youth and underwent enucleation. His initial visual acuity was 20/20 with 

optic disc edema, and static perimetry showed a mildly enlarged blind spot. However, over 

the next 3 months, there was progression of optic disc edema and vision loss that evolved 

into an inferior altitudinal defect. At the 13-month follow-up, his static perimetry showed 

stable inferior altitudinal field defect, while his visual acuity remained 20/20. He declined 

polysomnography.

Patient 5 noted inferior visual field defect in the right eye at the sea level. Within the same 

week, he flew to Bryce Canyon at 8,000 feet for 4 days where his vision worsened. On his 

return to the sea level, ophthalmic examination showed a visual acuity of 20/70 in the right 

eye and right optic disc edema. He also used sildenafil before onset. Static perimetry showed 

right inferonasal defect. At the 80-month follow-up, his visual acuity was 20/80 and static 

perimetry showed dense inferior loss, patch superior loss nasally more than temporally. His 

polysomnography showed very mild OSA (AHI 8.7), but he did not initiate CPAP as per 

sleep medicine’s recommendation. He had no further NAION events.

Comparison of High-altitude Nonarteritic Anterior Ischemic Optic Neuropathy and Normal 
Altitude Nonarteritic Anterior Ischemic Optic Neuropathy

We compared 5 eyes of 5 patients with high-altitude NAION with 28 normal-altitude 

NAION eyes and 40 healthy control eyes. The onset of HA-NAION was during high-altitude 

exposure at 7,000–9,000 ft in patients 1–4 and before high-altitude exposure in patient 5. All 

5 patients had clinically confirmed isolated NAION by a neuro-ophthalmologist within 3–21 

days of onset and comprehensive workup. The average age of HA-NAION group was 56 

years (range 48–74 years) (Table 1), which was the same compared with that of the healthy 

control group 51 ± 1.7 years (P = 0.58) but younger than that of the NA-NAION group 63 

years (P = 0.06). None of the 5 HA-NAION patients developed fellow eye involvement up 

to 8 years after onset (range 11–56 months). In addition, none of the 5 patients developed 

typical symptoms of mountain sickness or other signs of high-altitude retinopathy.

On neuro-ophthalmic examination at presentation, the visual acuity ranged from 20/20 to 

20/70 (median logMAR 0) (Table 2). Three of 5 patients presented with inferior altitudinal 

visual field loss, and 2 of 5 patients presented with cloudy/blurry vision at onset. On 
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peripapillary OCT analysis, the average RNFL thickness was 244 μm (range 80–348 μm), 

and GCC was 48 μm (43–54 μm). Static perimetry measured the mean deviation of −18.61 

dB (range −13.45 to −22.20 dB). These were not significantly different from patients with 

NA-NAION. At the most recent follow-up, the visual acuity ranged from 20/70 to counting 

finger (mean logMAR 0). Three of 5 patients had worse mean deviation on static perimetry 

from the initial visual field at presentation, 1 patient improved, and 1 remained stable. 

HA-NAION eyes had significantly worse median deviation (P < 0.001), RNFL thickness (P 
= 0.00), and GCC thickness (P = 0.001) compared with controls. However, RNFL and GCC 

measurements in chronic HA-NAION eyes were not different compared with that of the 

chronic NA-NAION eyes. In the fellow eyes, when compared with normal controls, patients 

with HA-NAION showed smaller cup-to-disc ratio (P = 0.02, Table 2), smaller cup volume 

(P = 0.01), and increased macular cube average thickness (P = 0.03).

CONCLUSIONS

We report 5 patients with HA-NAION occurring during or immediately after high-altitude 

exposure. The patients with HA-NAION were relatively younger at onset of vision loss 

compared with NA-NAION. They had disc at risk (except for 1 monocular patient), 

progressive vision loss, severe visual field defects, and subsequent severe RNFL and 

GCC thinning after resolution of optic disc edema. However, there was not significantly 

different between the HA-NAION and NA-NAION groups. Those with AION in 1 eye 

have approximately 15% chance of developing AION in the contralateral eye, which raises 

questions regarding the risk of subsequent high-altitude exposure and possible need for 

lifestyle modification. So far, none of our patients with HA-NAION have developed new 

events with up to 8 years of follow-up (range 2–8 years) by avoiding high-altitude exposure 

or using CPAP at high altitude.

HA-NAION is rare and may be related to adaptive changes in retinal autoregulation in 

response to hypobaric hypoxia (13). In preclinical studies, exposure to systemic hypoxia 

leads to endoplasmic reticulum stress, glial cell reactivity and loss, retinal thickness changes, 

and upregulation of inflammatory pathways (14,15). This is consistent with increased 

inflammatory biomarkers in the blood of patients with NAION (16). Because hypoxia 

worsens with increased altitude, arterial oxygen saturation and ocular perfusion pressure 

decrease, retinal venous pressure increases, and intraocular pressure remains stable (17). 

These 5 cases with HA-NAION raised important high-altitude–related factors that need 

further investigation. Possible factors contributing to NAION at high altitude include (1) 

hypoxia-induced cerebral edema and elevated intracranial pressure, (2) vasogenic edema 

causing breakdowns in the blood–brain barrier, (3) increased cerebral blood flow resulting 

from altered autoregulation leading to capillary overperfusion and vasogenic cerebral edema, 

(4) contribution of vigorous physical exercise during high-altitude exposure, and (5) sleep 

disturbances and hypoxia during sleep. Decreased oxygen concentration and worsened sleep 

apnea may contribute to lower oxygen supplies of optic nerve head at high altitude. A meta-

analysis found that patients with OSA had a more than 6-fold increase of NAION when 

compared with patients without OSA (18). When patients with OSA stay at high altitudes, 

hypobaric hypoxia may promote central sleep apnea, resulting in combined hypoxia (19). 

Other risk factors for HA-NAION may include altitude on starting of the ascent, higher 

Liu et al. Page 6

J Neuroophthalmol. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and faster ascent, longer duration at high altitude, lower hematocrit, increased strenuous 

activities, and high baseline intraocular pressure.

There is currently no effective treatment for HA-NAION. Treatment to prevent or reduce 

symptoms of high-altitude sickness includes oxygen, acetazolamide, and immediate descent. 

However, in previous studies, the use of acetazolamide was not associated with less optic 

disc edema or less central nervous system symptoms, although when combined with 

steroids, some showed encouraging results by improving perfusion pressure in the vessels 

of the optic nerve head and alleviating the imbalance between the intraocular pressure 

and perfusion pressure (20). Hypobaric hypoxia has not been proven to worsen OSA in 

patients with NAION. However, given the known risk for recurrent NAION and the known 

effectiveness of CPAP for OSA, we recommend that all patients with clinically confirmed 

OSA are treated, especially during repeated high-altitude exposure.

Limitations of this study include its retrospective nature and small sample size. Because 

there was no examination just before high-altitude exposure, we cannot rule out that these 

patients may have had presymptomatic swelling of the optic nerve head and then manifest 

with symptoms during high-altitude exposure. Although none of the patients in our cohort 

developed NAION during air travel, the potential high-altitude exposure during long trans-

Atlantic flights has becoming an increasingly concerning risk factor because commercial 

aircraft cabin pressurization is maintained at 4,000–8,000 ft. Further studies are necessary 

for the diagnosis and management of air travel–associated NAION.

NAION can occur with high-altitude exposure resulting in severe irreversible vision loss. 

The visual outcome is similar to NAION that occurs in normal altitude. Hypobaric hypoxia 

and sleep apnea may be contributing factors. A prospective study is needed to further clarify 

the association between high-altitude exposure and NAION. Understanding the physiologic 

changes in patients at high risk of NAION before and after high-altitude exposure can more 

clearly identify changes that contribute to developing HA-NAION.
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FIG. 1. 
Representative patient with high-altitude NAION in left eye. Images demonstrating study 

eye at onset and, at 15-month follow-up, and fellow eye. A. Static perimetry revealed 

inferior altitudinal visual field defect that worsened over time. Gray scale (left) and 

pattern deviation (right). B. Spectral-domain optical coherence tomography (OCT) and 

peripapillary retinal nerve fiber layer thickness deviation map and quantification by 

quadrants (in microns). C. OCT macular ganglion cell complex thickness deviation map 

and quantification by sectors (in microns). D. Scanning laser ophthalmoscopy images of the 

optic disc (Optos, left) and OCT angiography of the optic disc (Zeiss AngioPlex, right).
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