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Abstract
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Traveling to high altitudes can expose the eye to reduced ambient cold and low-pressure environments. These conditions can
affect the physiology of the eye and may result in ocular problems and visual disturbances. In this paper, ocular disorders related
to high altitudes are briefly reviewed. Then, high-altitude ocular disorders are categorized in three parts: those related to dry and
cold environments, those related to low-pressure environments, and those in people with past ocular conditions. In every part,
the signs and symptoms of related diseases are discussed. Up-to-date recommendations for the management and prevention of
these disorders are presented. The main management for ocular disorders related to dry and cold environments includes the use
of eye shields and artificial tear drops. Descending to low-altitude lands is the key to managing eye problems associated with
low-pressure environments. Patients with past ocular problems or ocular surgery should consult their doctors before ascending to
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Introduction

Exposure to cold and low-pressure environments during
high-altitude traveling, whether during occupational
or recreational activities, poses risks for cold-related or
pressure-related injury to eyes.! Furthermore, some pre-
existing ophthalmologic conditions may be exacerbated
by high-altitude exposure.? Visual disturbances may result
from exposure to the hypoxia of high altitudes and cold
environments.

The eyes are the primary interface with the environment.
Despite technological advances that have allowed humans
to live and travel in most of the environments on the planet,
deliberate or inadvertent exposure to those environments
may subject individuals to injury.® Since such disorders are
not common, only a minority of ophthalmologists are aware
of the diagnoses.

The goal of this review is to familiarize sports medicine
specialists and ophthalmologists with the management
strategies of some ocular disorders related to high altitudes. For
this purpose, high-altitude ocular disorders are categorized in
three parts: those related to dry and cold environments, those

related to low-pressure environment, and those in people with
past ocular conditions. Finally, up-to-date recommendations
for the management and prevention of these disorders are
presented.

1-Eye Problems Associated With Dry and Cold Environments
Acute Keratitis and Snow Blindness

The suns ultraviolet radiation (UVR) isabsorbed by the corneal
and, cumulatively, can damage the corneal epithelium and
cause acute keratitis. At high altitudes, acute keratitis is more
common because of the increased UVR that reaches the earth
and the presence of snow that has a highly reflective surface.**
Exposure to sun rays without protection at high altitudes
usually causes an inflammatory disorder of the cornea known
as snow blindness. Snow blindness is characterized by severe
pain, redness, foreign body sensation in the eyes, tearing,
photophobia, and decreased visual acuity. There is a lag time
of about 6-12 hours between UVR exposure and the onset of
these symptoms, so snow blindness is experienced by people
going to mountains at night.” Epiphora, blepharospasm,
conjunctival chemosis, bilateral superficial punctate keratitis,
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and even corneal epithelial defects are signs of this disease.
The severity of signs may develop in individuals with light
skin or with pre-existing ophthalmological conditions such as
dry eye disease, keratoconus, and refractive surgery.

Management Strategy of Snow Blindness

When snow blindness occurs, it is necessary to avoid
additional exposure to UVR. Relief from symptoms occurs
within 24 to 72 hours, depending on the degree of UVR
exposure.® Treatments include cooling compress, preservative-
free lubricants, topical anti-inflammatory and cycloplegic
medications, bandage contact lenses, ophthalmic antibiotic
ointments, and systemic analgesics.” Topical anesthetic
drops must not be used because of slow corneal healing;
moreover, they can cause corneal melting.'* The principle of
managing snow blindness is prevention. People traveling to
distant snow-covered areas or to high altitudes should wear
appropriate UVR-filtering goggles or sunglasses with side
shields. For maximum protection, these filters must have CE/
EN protection class 3 or 4.

Dry Eye

Dry eye is a complex condition characterized by red rye,
foreign body sensation, burning, photosensitivity, and
blurred vision, depending on the degree of dryness.!? Dry
eye disease is exacerbated in the dry, windy, and sun glare
conditions seen at high altitudes.”® Severe dry eye disease
can be associated with some autoimmune disorders, and
commonly-used medications can exacerbate ocular dryness.
Systemic drugs with anticholinergic effects decrease tear
production. These medications include alpha blockers, beta
blockers, antidepressants, and atropine-like agents. Systemic
cold treatments such as ephedrine, pseudoephedrine,
and antihistamines, which are commonly used in cold
environments and at high altitudes, can also decrease tear
production.?

Management Strategy of Dry Eye

The mainstay treatment for dry eye is artificial tears and
lubricating ointment. In moderate to severe symptoms,
preservative-free artificial tears should be used frequently,
because the preservative material in ophthalmic drops can
cause ocular irritation.? In the severe form of ocular surface
dryness, reversible punctal occlusion can be observed.
Additional local treatments include the oral consumption
of omega-3 fatty acids which can increase tear secretion,
decrease the amount of tear evaporation, and improve the
symptoms of dry eye disease.'* People with systemic disorders
or eye dryness induced by the consumption of drugs should
avoid high altitude environments. Decreased use of contact
lens by people with dry eye syndrome is advised due to the
risk of keratitis. Mountaineers may benefit from fitted goggles
or wrap-around sunglasses. These devices can decrease tear
evaporation, increase the humidity around the eyes, and
thereby decrease the risk of developing symptoms of dry eye
disease.

Recurrent Corneal Erosion
In low humidity situations and dry ocular surfaces such
as high altitudes, people with previous corneal trauma,

preexisting epithelial basement membrane dystrophy, a
history of photorefractive keratectomy, or laser-assisted
in situ keratomileusis may experience recurrent corneal
erosion.”” Symptoms of this condition are a sudden onset of
pain, tearing, and photophobia. Corneal defects can be seen
with fluorescein drops and a penlight.

Management Strategy of Recurrent Corneal Erosion

Treatment for recurrent corneal erosion includes frequent use
of preservative-free artificial drops and antibiotic ointment.
To prevent this condition, people who have risk factors for
this disorder should use lubricant and simple eye ointment.

2-Eye Problems Associated With Low-Pressure Environments
High-Altitude Cortical Blindness

Cortical blindness was first described by Hackett et al in
1987 among trekkers in the Himalayas. It is characterized
by transient blindness in both eyes with intact pupillary
reflexes. Relative afferent pupillary defect is not seen.'® In
addition, monocular blindness related to high altitude that
affects one eye is amaurosis fugax. In this form of blindness,
relative afferent pupillary defect is seen. These conditions
occur suddenly and without prior signs or symptoms of acute
mountain illness.” The pathophysiology for both conditions
may be a compromised blood supply to the visual cortex and
the retina caused by vascular spasm of the central retinal
artery in amaurosis fugax.

Management Strategy of High-Altitude Cortical Blindness
Increased cerebral blood flow caused by oxygen inhalation
or rebreathing carbon dioxide can improve the sign and
symptoms of high-altitude cortical blindness. Also, descent
can instigate the rapid recovery of visual function.'

High-Altitude Ocular Dysmotility

Lateral rectus palsy due to sixth nerve palsy at high altitude
is well known at this time. Cranial nerve palsies, especially
sixth nerve palsy, are associated with acute mountain sickness
and high altitude cerebral edema; however, many times these
nerve palsies have been reported with no preceding symptoms
of high altitude sickness.'®" A study on the largest series of
high-altitude cerebral edema patients showed that cranial
nerve palsies occurred in less than 1% of the 44 patients
suffering from high altitude cerebral edema.”” Kramdr et al
revealed that convergence insufficiency due to a decrease in
amplitude of convergence was found in women during their
ascent of the Himalayas. Compared with young mountaineers,
that amplitude of accommodation remained stable; this
measurement was decreased in older people during ascents
to higher altitudes.”

Management Strategy of High-Altitude Ocular Dysmotility
Although this condition, especially when independent of
high altitude cerebral edema symptoms, is often a benign
prognosis, the improvement of diplopia and muscle palsy can
last for several weeks up to months.?? Regardless of the causes,
descent to low altitude may be the best treatment.'®!s

High-Altitude Retinopathy
High-altitude retinopathy (HAR), first described by Singh et
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al. is a pathological retinal response to hypoxia.? Fundoscopic
features of this entity include retinal hemorrhages, retinal
vessel tortuosity and dilation, optic disk swelling, anterior
ischemic optic neuropathy, cotton wool spots, subhyaloid
hemorrhage, vitreous hemorrhage, and even rhegmatogenous
retinal detachment.?*?*! Retinal vascular accidents related to
HAR that included central retinal and branch retinal vein
occlusion have been reported.**** Among these signs, retinal
hemorrhages and vascular engorgement and tortuosity are
more common. However, HAR is often asymptomatic, but
when the macula is affected, vision may be reduced.* The
incidence rate of HAR varies between 3.8% and 90.5% with
no preponderance in gender.*** Optic disk swelling happens
frequently in mountaineers at high altitudes. The incidence
rate of this condition among climbers varies from 59% to 79%
depending on the altitude above sea level and the speed of
ascent.”””® There is a correlation between optic disk swelling,
low arterial oxygen saturation, and the signs and symptoms
of acute mountain disease. Hypoxia-induced brain volume
increase is considered the most common cause of disk
swelling at high altitudes.

Management Strategy of High-Altitude Retinopathy

The pathophysiology of HAR is not clear, but the highest
altitude achieved is considered as a risk factor.” Patients
with symptomatic HAR (especially impaired vision) should
descend as soon as possible for more examinations and
treatment. Symptomatic HAR is treated the same way as acute
mountain sickness, with rest, oxygen, acetazolamide, and
descent to a lower altitude.* Descending to lowlands leads to
the complete improvement of disk swelling.””

3-Eye Problems Associated With Past Ocular or Medical
Conditions

Glaucoma and High Altitudes

The measurement of intraocular pressure (IOP) can be
affected by anatomical, instrumental, and physiological error.
Moreover, the effect and significance of altitude on IOP may
be masked by several factors.*

There is a controversy about the effect of high altitude on
IOP. Some groups have shown a decreased IOP, an increased
IOP, a normal IOP, a reduction within hours of ascent,* and
recovery during acclimatization.***!

High altitude causes a statistically significant, but clinically
insignificant, increase in IOP. This finding may result from
changes in central corneal thickness.*

Management Strategy of Glaucoma at High Altitudes
There is no data indicating that people with glaucoma cannot
travel to high altitudes, but a full ophthalmologic examination
before travel is recommended.** Acetazolamide can be used
for prophylaxis and the treatment of acute mountain sickness
in glaucoma patients.**

Refractive Surgery and High Altitude

Subjects with radial keratotomy for correct myopia may be at
risk for visual deterioration at high altitudes.* Incisions made
during this procedure weakens the cornea and eventually
leads to deformation during exposure to hypoxic conditions.*
Hyperopic shift with deterioration has been reported at high

altitudes.**°

Management Strategy of Refractive Surgery Disorder at
High Altitudes

Subjects who have had radial keratotomy to correct myopia
should travel to high altitudes with corrective spectacles and
varying degrees of hyperopia correction.? The visual changes
correct with descent or prolonged stays at the high altitude.”

Retinal Surgery With Intraocular Gas and High Altitude
Modern vitreoretinal surgical techniques frequently employ
the introduction of a potentially expansile gas into the eye.*®
The purpose of the gas is to hold the retina against the retinal
pigment epithelium following cryopexy or laser retinopexy
until a scar is formed between the retina and the underlying
tissue around a retinal break.”

Travelers with intraocular gas are at risk of a clinically
significant rise in IOP because the gas expands when exposed
to reduced absolute pressure.* Unlike air, this gas can expand
after being injected into the eye and take much longer to be
resorbed back into circulation. So, at reduced pressure, a gas
bubble expands.”

The primary size of the intraocular bubble is an important
factor for the peak IOP and the recovery from it after prolonged
hypobaric exposure.® This fact may lead to some suggestions
that flying may be safe under certain circumstances, especially
with small bubbles.*>**

Management Strategy of Retinal Surgery With Intraocular
Gas at High Altitudes

Due to the influence of IOP, the production of anterior
chamber fluid, choroidal perfusion, and the prediction of the
time of bubble resolution can vary considerably. Therefore, a
decision to travel to high altitudes should involve the treating
surgeon.*®

Contact Lenses and High Altitudes

Although contact lenses may be used safely at high altitudes,
traveling may disrupt routine care, including cleaning,
sterilizing, deproteinizing, and proper storage.” Thus, their
use is associated with an increased risk for corneal infections.

Management Strategy of Contact Lenses at High Altitudes
Discomfort associated with the use of contact lenses may be
resolved with the more frequent use of lubricant. Overnight
usage of extended-wear contact lenses should be avoided.
This is due to the fact that they are usually associated with an
increased risk of corneal infections.?

Diabetic Retinopathy and High Altitudes

High altitude traveling can be associated with retinal
hemorrhage, with a vast range of difficulties in assessing
glycemic control>* Blurring of vision can occur during
hypoglycaemic situations. HAR related to hypoxia can occur
at altitudes higher than 5000 meters. It is said that this usually
resolves after 1-2 weeks, even in cases when patients remain
at high altitudes.>**

Management Strategy of Diabetic Retinopathy at High Altitudes
Patients with diabetic retinopathy should finish the course of
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treatment prior to traveling. There is no clinical evidence that
vitreous hemorrhages are more likely during travel.*

Conclusion

Individuals whose travels take them to high altitudes may
experience some ocular problems, particularly disorders
related to dry and cold environments. Physicians, especially
ophthalmologists, should be knowledgeable in prevention
techniques and treatments for these conditions. The main
management for ocular disorders related to dry and cold
environments include the use of eye shields and artificial
tear drops. Descending to low-altitude lands is the key to
management of eye problems associated with low-pressure
environments. Patients with past ocular problems or ocular
surgery should consult their doctors before ascending to high
altitudes.
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