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Introduction: UIAA MedCom

The Medical Commission of the Union Internationale des As-
sociations d’Alpinisme (UIAA, International Climbing and
Mountaineering Federation) is the world umbrella organization
which works on topics concerning medical prevention in moun-
tain medicine in the broadest sense. It consists of delegates from
the member countries. These delegates should be specialists in
mountain and high altitude medicine. Actually the 43 delegates
represent 25 countries. The recommendations of the commission
aim to harmonize medical advice for mountaineers worldwide.

Details may be found at www.theuiaa.org/medical advice.html.
Introduction: Eyes in the wilderness

Visual loss in the wilderness setting is potentially
fatal. Firstly it may be a warning sign of a serious systemic
problem and secondly the patient may lose their functional
independence and ability to respond to objective danger.
The issues discussed in this paper fall broadly into two cat-
egories, those that are unique to the high altitude setting and
those that could happen anywhere but require treatment to
protect vision when standard ophthalmological care is un-
available. The aims are to provide practical knowledge on
how to manage simple eye problems and also how to rec-
ognize the warning signs when evacuation may be required.
In keeping with all wilderness medicine, preparation and pre-
vention are essential to avoid eye problems in the mountains.
This paper is intended for physicians, interested non-medical
people and expedition operators as a practical guide to the

treatment and prevention of eye problems on expeditions.
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1. Expedition preparation
1.1. Pre-expedition medical assessment

The expedition doctor should be aware of any pre-existing
ocular conditions or medical problems which may have oc-
ular complications. With this in mind, the questions below
should be built into the pre-expedition medical assessment:
1. Do you wear contact lenses?
— If yes what type are they? (eg hard/soft, monthlies/
dailies)
2. Have you ever been treated by a doctor for an eye
problem?
3. Have you ever had laser eye surgery or any other eye
operation on your eyes?
— If yes what type and when?
4. Does anyone in your family suffer from glaucoma or
any eye disease?

5. Are you diabetic?
1.2. Pre-existing ocular conditions

The only ocular condition which excludes ascent to high altitude or
even air travel is the immediate post-operative period following the
useofintraocular gasinretinal surgery as this can expand and poten-
tially cause a central retinal artery occlusion [1]. A variety of other
chronic eye diseases may need precautions to be taken and regular

medication should not be forgotten in the expedition environment.
Monocular vision

People with useful vision in only one eye should take
extra care to protect their eyes from both the sun and
objective dangers such as sand, ice and rock. It is therefore
advisable to have specially designed polycarbonate safety

glasses for any activities where flying debris could enter the eye.
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Refractive errors

Refractive error can be corrected by spectacles, contact lenses,
surgery or even a pinhole in a piece of cardboard. As a general
rule, the best way to prevent problems is to use the same method
of correction as you would at home and not try to suddenly
change, for example, from spectacles to full time contact lens
wear on an expedition. If you wear spectacles take a spare
pair and get your prescription built into a pair of sunglasses
or glacier goggles. Contact lenses and refractive surgery are

discussed in further detail below (see section 6.0 and 7.0).
Cataract surgery

There are no special precautions required for people who have an
intraocular lens following cataract surgery or clear lens extraction
who want to ascend to high altitude. Although no formal studies
have been performed to confirm this statement, there is plenty
of anecdotal evidence from mountaineers, aviators and even
astronauts. As with any surgery a sensible window should be left

before starting an expedition, we would suggestat least four months.
Glaucoma
People on drops to reduce their intraocular pressure (IOP)

Some studies

a subtle increase in IOP at high altitudesm [2,3] but other

should continue them as normal. suggest
studies found the opposite, especially when increased cor-
neal thickness was corrected for during measurement [4-6].

There is a theoretical risk of hypoxic damage to the op-
tic nerve head at high altitude exacerbating their glaucoma
so they should consult their ophthalmologist before ascent.
The use of acetazolamide could be considered for its com-
bined effect on acute mountain sickness (AMS) and its ability
to decrease IOP, especially if there is concern that intraocular
pressure may be raised, such as in patients who have had pre-
vious acute or chronic glaucoma and present with eye pain and

cloudy vision. Exercise itself will also help to decrease IOP [7].

Diabetes

There is no evidence that high altitude causes or exacerbates
diabetic retinopathy [8]. Diabetic people also do not appear to be
at any greater risk of high altitude retinopathy. However diabetics
should maintain strict glycaemic control and acclimatize sensibly
to avoid systemic or ocular consequences. It would also be
sensible to have a full eye examination approximately six months
before going on any expedition so that if any treatment is required

there would be time for the course of treatment to be completed.
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Retinal surgery

As mentioned above, if a person has recently had retinal
surgery with intra-ocular gas they should not go into any
environment where atmospheric pressure is changed: this
includes air travel and high altitude. There is some evidence
that retinal detachment may be induced at high altitude [9]
in susceptible individuals but once a detachment has been

repaired successfully, there should be no risk at altitude.
2. Snow blindness

Snow blindness is caused by unprotected exposure of the
cornea and conjunctiva to ultraviolet (UV) light, specifically
UV-B. Snow blindness is therefore sunburn of the eye and can
be extremely painful. Like sunburn, there is a delay between
UV exposure and the onset of symptoms so by the time that
the patient realizes that they have snow blindness, the damage
has already been done. The symptoms may also develop
at night following an unprotected bright day in the snow.

Snow blindness is more common at high altitude because
the air is thinner so more UV light penetrates the atmosphere.
On ascent, UV exposure increases by 4% for every 300 meter
climb. In addition, snow reflects 80% of UV light, greatly
increasing the chances of snow blindness [10]. Therefore
it can take just a few minutes of unprotected exposure to
cause debilitating snow blindness on a glacier at altitude.

Snow blindness is characterized by red, painful, gritty eyes
with photophobia (aversion to light): many patients find it
impossible to keep their eyes open. The conjunctiva will be red
where it has been exposed to light and the cornea will show
punctate staining with fluorescein drops. Treatment includes
local cooling (e.g. with cool, damp compresses), antibiotic
ointment, cycloplegic drops to relieve the pain of ciliary spasm
(G. Cyclopentolate tds), rest and light avoidance. Recovery is
usually within 24 hours but beware of secondary infection as
snow blindness renders the eye vulnerable. Local anesthetic eye-
drops delay healing and increase risk of infection so should only
be used to allow examination or allow emergency evacuation
from a perilous position. A greasy eye dressing with double pad-
ding can aid comfort for the first night and nonsteroidal anti-in-
flammatory drugs make good oral analgesics to treat ocular pain.

Avoidance of snow blindness is simply with sunglasses
blocking all UV transmission, preferably of good quality (CE/
EN protection class 3 or 4 and 100% UV protection) with pro-
tective sidepieces, or with goggles. These should be worn at all
times in snow, especially at high altitude. In emergency, sun-
glasses can be made from a piece of bark or cardboard with small
slits in it tied around the head. Porters are just as vulnerable to
snow blindness, so don’t forget to give them sunglasses too.

The authors applaud initiatives by porter welfare organizations
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who are encouraging expedition leaders to provide their porters
with eye protection, especially after recent evidence showed
that nearly half of all porters in Nepal had an ocular morbidity,

including refractive error, dry eye, glaucoma and cataract [11].
3. High altitude retinopathy

High altitude retinopathy (HAR) is a pathological response by
the retina to the hypoxia of altitude and it was first described
in 1969 [12]. Flame shaped haemorrhages are most common-
ly seen but optic disc swelling, cotton wool spots, dot and blot,
pre-retinal and vitreous haemorrhages have also been reported.

Although HAR is usually asymptomatic, when a haemorrhage
occurs over the macula, vision can be affected. Previous studies
have shown an incidence of HAR from 3.8% to 90.5% with an
equal preponderance in males and females [13,14]. However it
appears that about one quarter of people ascending to moderate
altitude in the Himalayas are affected by asymptomatic HAR.

The pathophysiology of HAR is not entirely clear; ex-
treme altitudes are proposed to alter the integrity of the blood
brain barrier, injure retinal neurons, increase release of in-
flammatory mediators and cytokines and cause retinal blood
vessel dysfunction [15]. The altitude attained, rate of ascent
and exertion levels en-route appear to be risk factors [16].

Recent studies have made use of new technology that is now
in routine use at sea level such as ocular coherence topography
(OCT) which allows detailed examination of the individual layers
of the retina. For example, it has been shown that retinal venous
diameter correlates positively with high altitude headache and that
the inner layers of the retina swell disproportionately to the outer
layers in hypoxic conditions at 4559 m [17]. Further significant but
reversible OCT changes to the retinal nerve fibre layer have also
been demonstrated and it is likely that these new techniques will
provide further insights into the pathophysiology of HAR [18].

There is only anecdotal evidence to suggest a relationship
between HAR, acute mountain sickness (AMS), high altitude
cerebral oedema (HACE) and high altitude pulmonary
oedema (HAPE). However retinal vascular dysregulation
could herald similar problems in other organs and should
not be taken lightly. Optic disc swelling may indicate early

HACE so should also be monitored as suggested below.
3.1. High altitude retinopathy grading system

The authors suggest the following VHD grading system
for HAR which can be applied by any physician with an
ophthalmoscope: Three aspects of HAR should be exam-
ined in each eye individually, vision (V), haemorrhages (H)

and optic disc swelling (D) in order to guide management.

Vision

e VO - vision is unaffected
e V1 —vision is decreased (in any respect: acuity, contrast
sensitivity or colour vision)

e V2 —vision is lost completely.
Haemorrhages

* HO — no haemorrhages but engorged and tortuous retinal
vessels.

* HI — one to three retinal haemorrhages less than 2 disc
diameters in total area.

e H2 — four or more retinal haemorrhages or more than
2 disc diameter in total area. Any evidence of cotton wool

spots or vitreous haemorrhage.
Optic Disc

* DO — normal optic disc
e DI —mild disc swelling
e D2 — frank papilloedema.

3.2. High altitude retinopathy management

Patients with either V1, H2 or D1 should not ascend any
further and should be closely observed for signs of visual loss,
AMS, HACE or HAPE. Patients with either V2, or D2 should
descend at least 300m with oxygen until the condition resolves
and should be closely monitored. Any concurrent AMS,
HACE or HAPE should be treated aggressively to prevent
potentially fatal sequelae. As with any altitude illness, each
case should be managed individually in the context of any

systemic signs and the ease of evacuation should it be required.

Figure 1. High altitude retinopathy at 5400 m.

There

haemorrhages

was no change in vision but widespread

and mild optic disc swelling. It

therefore graded VO0-H2-D1 wusing the scheme described
above. The patient also had severe AMS and descended

was

500 m for 3 days before making an uneventful ascent to 7400 m.
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4. Loss of vision

4 1. Painful loss of vision

Painful loss of vision should be of great concern to the expedition
doctor. A full examination should be performed and it is important
toconfirmifthe patienthashad any previous eye problems. Ifacause
can be found it should be treated but there should be a low thresh-
old for evacuation and specialist ophthalmological intervention.
Possible causes include acute angle closure glaucoma, uveitis, op-

tic neuritis, orbital cellulitis, bacterial keratitis and snow blindness.

4.2. Painless loss of vision

Loss of vision in one or both eyes, even transiently, should be taken
very seriously. A full history should be taken before checking the
pupil reactions and if possible dilating the pupils with tropicamide
1% for examination with an ophthalmoscope. If no cause is found
the patient should be evacuated for specialist assessment. The
differential diagnosis includes retinal detachment, retinal artery or
vein occlusion, cerebral ischaemia, HACE, HAR, ischaemic optic
neuropathy, vitreous haemorrhage and malignant hypertension.
A retinal detachment is a sight-threatening emergency and
if suspected, the patient should be evacuated immediately.

There have been several studies reporting central reti-
nal vein occlusion in young soldiers working at altitude (av-
erage 4000 m), this is traditionally rare in a young popu-
lation but the patients involved appeared to respond well
to standard sea-level treatments such as in intravitreal an-

ti-VEGF injections once they had been evacuated [19].

5. Contact lenses

Contact lens users are vulnerable to dry eyes and serious corneal
infection in the expedition setting so they should be advised on sen-
sible contact lens use (no more than 8 hours a day), strict hygiene
when handling lenses and to take plenty of spare lenses as well as
spectacles to wear when they are not using their contact lenses.
Any potential infection, even what appears to be a simple con-
junctivitis, should be taken very seriously. Contact lens wear
should be stopped and intensive broad spectrum antibiot-
ic drops should be started (eg ofloxacin hourly). If there is no
improvement within 5 days the patient should be evacuated.

There is no evidence to suggest that contact lenses should
not be worn at high altitude [20] but remember that they re-
duce oxygen delivery to the cornea which can lead to corneal
oedema and therefore blurred vision. Of preference the au-
thors would recommend the use of daily disposable soft con-
tact lenses over other types as they have a high water content,
allow a high transmission of oxygen to the cornea and require

less handling with no cleaning, making infection less likely.

Health Promotion & Physical Activity, 2020, 4 (13), 1-7

6. Refractive surgery and altitude

Refractive surgery is popular with active people who enjoy
sports and outdoor recreation so that they can avoid the use of
spectacles and contact lenses. However altitude can transiently
affect the visual outcome which could be life-threatening. This
was famously demonstrated by Dr Beck Weathers attempting to
climb Mount Everest in 1996 after he had radial keratotomy [21].

A general trend towards long-sightedness has been found in
subjects at altitude who have had RK (where deep radial cuts are
made in the cornea) [22]. This appears to be related to swelling of
the corneal stromal fibres on either side of the keratotomy incisions
as a result of the low atmospheric oxygen, causing the weakened
cornea to expand circumferentially, making the eye longsighted.

Hypoxia reduces accommodation (the ability to focus
on a close object) by an effect on the parasympathetic ner-
vous system. Most subjects who have had RK are of an age
where accommodation is already reduced (presbyopia) and the
hypoxia induced hypermetropia outstrips the available accom-
modation making the subject longsighted and unable to focus
clearly, especially for near tasks.One possible answer would
be to take spare “reading glasses” of +1.00, +2.00 or +3.00 to
use as distance glasses under glacier goggles when necessary.

Radial keratotomy has now been superseded by excimer laser
keratectomy where a laser is used to shave off part of the cornea to
alter the refractive power. This can be done either after removing
the corneal epithelium (PRK), making a flap out of the corneal
epithelium which is then replaced (LASEK) or creating a flap
which include corneal epithelium and anterior stroma (LASIK).
These newer techniques cause less change at high altitude but can
still cause a shift towards short-sightedness, first reported in 2000
when a climber who had received LASIK experienced blurred
vision at 19,500 feet which cleared on descent [23]. More recently
3 out of 6 LASIK climbers in a study on Mount Everest reported
blurred vision which cleared with descent [24]. It may therefore
be useful for climbers who have had LASIK, LASEK or PRK
to take some minus 2 dioptre glasses in case of this eventuality.

There is also an element of individual susceptibility as many
people who have had refractive surgery experience no problems
whatsoever at altitude. However patients should be advised not
to have refractive surgery within 3 months of an expedition as re-
fraction can be unstable and the eye is at risk of infection. Any in-
fection or decreased vision in a patient who has had refractive sur-

gery should be taken seriously and descent should be considered.
7. Dry eyes

Dry eyes are more common in the dry, windy, bright conditions
found at high altitude or in polar regions [25]. Although often
just a nuisance, severely dry eyes are very painful, can signifi-

cantly blur vision and leave the eyes vulnerable to infection.
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The main symptoms of dry eyes are red, painful, gritty eyes
and any ocular lubricants can be used as treatment. Bear in
mind that the more viscous ointments provide a longer period
of relief but blur vision even further. Contact lens wear should
be minimized in patients with symptomatic dry eyes and re-
member that goggles or wrap-around sunglasses can decrease
evaporation of tears from the eyes and therefore decrease

symptoms.
8. Trauma
8.1. Corneal abrasion

A corneal abrasion is a tear in the corneal epithelium usual-
ly through mild trauma, such as removing a contact lens or
perhaps even whilst asleep. It is exquisitely painful and top-
ical anesthetic will provide immediate relief, but should
not be used as a treatment. Fluorescein will confirm the di-
agnosis and treatment is with antibiotic ointment An eye

pad is not usually necessary and can encourage infection.
8.2. Corneal foreign body

Occasionally the protective blink reflex fails and allows
a foreign body to embed itself into the cornea. This can be
metallic or organic and a metallic foreign body will often
leave a rust ring. The mechanism of injury should be ascer-
tained as a high velocity foreign body is more likely to pen-
etrate the globe (such as a shard of metal from an ice-axe).

A corneal foreign body will cause ared, painful gritty eye and the
sensation that something is in the eye. The foreign body is usually
very small but fluorescein and a magnifying loupe can assist identi-
fication and removal, either with a cotton bud or a 25G needle. Pa-
tients should then be given antibiotic ointment. Eversion of the up-

pereyelid should be performed to exclude a sub-tarsal foreign body.
8.3. Chemical injury

A chemical splash can be sight-threatening so immediately irri-
gate profusely, preferably with sterile normal saline. Check the
pH with litmus paper if available and continue irrigation until
pH is 7. It is important to identify the chemical as alkali pene-
trates the ocular tissues much faster than acid and therefore has
a worse prognosis. Treatment should include antibiotic ointment,
lubrication (e.g. artificial tears hourly) and cycloplegic drops
(e.g. cyclopentolate tds) for pain relief. Note that a white eye
in the acute phase could indicate severe ischaemia and evacua-

tion for specialist treatment is indicated if there is any concern.

8.4. Eyelid laceration

The eyelids play an important role in protecting the eye and
preventing corneal desiccation. If they are damaged, the eye
can be rendered vulnerable. The underlying eye should always
be checked for a penetrating injury to the globe, especial-
ly if the mechanism of injury was high velocity. The wound
should be examined carefully and cleaned if necessary. If the
lid margin is interrupted and the ends are not opposed, prima
ry repair under local anesthesia should be considered. This is
especially important with the upper lid to prevent corneal ex-
posure. If repair is not possible, apply plenty of antibiotic oint-

ment and patch the eye if you are concerned about exposure.
8.5. Penetrating eye injury

A penetrating eye injury involves disruption of the globe integrity
andisaserious, sight-threatening problem. The mechanismofinjury
is important in determining whether there could be an intraocular
foreign body or a perforating injury (entry and exit). A high
suspicion of penetrating injury should be maintained in any high
velocity highinjury, such as those involving firearms orhammering.
Signs to be looking for include decreased vision, a soft watery
eye, a peaked pupil (not round) and expulsion of ocular contents.
Any suspected penetrating eye injury should be immediately evac-
uated for specialist treatment. Broad-spectrum systemic antibiotics
should be started and any expulsed ocular contents should not be

touched; antibiotic ointment and a pad should be applied to the eye.
8.6. Blow-out fracture and blunt trauma

Blunt trauma to the globe (for example from a fall or a punch)
can cause the bony orbital floor to fracture tethering the inferi-
or rectus muscle and limiting upgaze. This causes double vision,
a sunken eye and pain on eye movement. The double vision may
be intolerable in which case the damaged eye should be patched.

Remember that blunt trauma can cause many other problems
within the eye, such as hyphema, subluxed lens, vitreous
haemorrhage, retinal detachment and globe rupture. If visual

acuity is decreased, consider evacuation for specialist evaluation.
Conclusion

Ophthalmology is viewed by the general physician with
anything from mild boredom to abject fear. Unfortunately
these fears may have to be faced in the expedition setting and
this paper is designed to equip people with the tools required
to assess and treat an eye problem in the wilderness setting

Visual acuity is the single most important sign when examining

the eye and a chart is not necessarily required. Simply ask

Health Promotion & Physical Activity, 2020, 4 (13), 1-7
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the patient if their vision has changed, compare the two
eyes by covering one then the other or use an old magazine.
Acute eye problems are often very painful, so it is important
to remember the role of systemic analgesia in treatment.

Preparation is vital to prevent eye problems on expeditions,

especially ensuring that everyone including porters have
adequate eye protection. In the event of a visual problem, it is
always better to be cautious and evacuate a patient rather than

a risk a sight-threatening or even life-threatening complication.

Table 1. Ocular First Aid Kit

The first aid kit listed below is lightweight and should fit into a small pouch. However as an expedition doctor you should have some experience of

using a loupe and ophthalmoscope as well as administering eye drops and applying a double eye pad.

Equipment
» Pentorch +/- blue filter
* Pocket ophthalmoscope
*  Magnifying loupe
* Eye pads (4)
* Eye shield
e Surgical tape
e pH paper

*  Minor operation kit

e Minims:

o Oxybupirocaine (topical anaesthetic)

o Fluorescein 1% (to show corneal abrasion or corneal foreign bodies)

o Cyclopentolate 1% (pupil dilation and pain relief)

o Artificial tears (dry eyes and snow blindness)

o Tropicamide 1% (for pupil dilation)

o Pilocarpine 2% (for reversal of pupil dilation by tropicamide)

e Others:

o Antibiotic ointment (4 tubes) (any minor infection or snow blindness)

o Ofloxacin (more serious infection and all contact lens-related infection)

o Sodium cromoglycate (allergic conjunctivitis)

These drops given four times daily except ofloxacin which can be given hourly for serious infection. Remember oral analgesia such as a non-

steroidal anti-inflammatory drugs if not contra-indicated, as required, for a painful eye.
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