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SUMMARY

Numerous recent reports attest to the high incidence of retirnal
hemorrhage during sojurns at high altitude, but little is known
of its pathogenesis, course, or long-term outccme. This study
of 20 individuals exposed to 5360 m. altitude for two to six weeks
was planned to (1) expand kncwledge of the characteristics and
rathogenesis of high altitude retinopathy (HAR, (2) define the
course of retinal hermQrrhage (HARH) over weeks and months, and
(3)develop guidelines for prevention and management. The sub-
jects were examined at sea level and then daily at altitude; they
were photographed after mydriasis and studied with fluorescein
angiocgraphy before and after Stege I and III exercise. Retinal
hemorrhage was seen in 60% of subjects but was only weakly assoc-
iated with exercise &nd not at all with Val Salva maneuver. We
propcse the term High Altitude Retinopathy (HAR) to cdescribe the
vascular dilataticn and increased tortucsity, disc hyperemeia,
and frequent retinal hemorrhage seen at high altitude. Visual
scotomata matched retinal pathology in only one instance when one
of several "cotton wool" spots fitted a demonstrated scotoma. No
hemorrhages matched scotomata found by field studies and telieved
to be angio-scotomata, unrelated to altitude. We conclude that
HEAR 1s very common and that EARH affect over 60% of perscns going
to 5360 m. We found no evidence of long term effects though the
studies will continue to follow some subjects for many months.
Since thousands of mountain climbers and others are exposed, and
have feor years been expcsed to even higher altitudes we do not
consicer EARH cause for irmmediate descent unless acccmpanied by

other serious ealtitude illness.
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INTRCDUCTION: Since 1568 the Arctic Irstitute of North America
has been conducting various studies of ncrmal individuals expcsed
to high altitude. Scientists frcm five universities in Carada and
the US participate in the research cocnducted annually on 12-16
volunteer subjects and on the scientists themselves. Support

is provicded by the Naticnal Institutes of Health and by the Depart-
ment of Defence (Canada); in earlier years private sources also
contributed. Suppert for this portion of the 1977 program was
provided by the US Army.

The High Altitude Physiology Study (HAPS) is tased at the Arctic
Institute facility at 790 m. elevation on Kluane Lake in the Yukon
Territory. There are two mountain establishments - Trench Camp
at 3280 m. and Lcgan High at 5360 m. The latter is the site for
mcst of the studies and includes several wood and/or fabric build-
ings cn the summit plateau of Mt. Lcgan. These are heated, provid-
ed with electricity, and have comfortable working and living space.
They are serviced by two STOL aircraft cwned by the Arctic Inst-
itute. HAPS is conducted each year from early May to August and
the facility is partially dismantled and stored during the winter.

Baseline and follow-up studies are concducted at McMaster Medical
Center (Eamilton Ontario) and at the University of British Columbia
in Vancouver. A variety of protocols are completed each year. A
list of publications is appended.

CBJECTIVES: The purpcse of this porticn of the 13877 BAPS program
was to examine retinal changes previously observed at altitude

in order to: (1) better understand their patho-physiology,

(2) establish whether or not persistent visual defects may result
frem altitude retincpathy, and (3) to support possible preventive
cr menzgement strategies.

SFECIFIC BACKGROUND: In the course of the 1968 EAPS program,
Fouston noticed two persens with asymptomatic retinal hemorrhages
vnich were not readily explained. Singh in 1969 reported retinal
vein engorgement in 17 of 1925 Indian trcops incapacitated by
altitucde illness during the Sino-Indian war of 1962. HEe cbserved
rapillecema and "vitreous hemorrhages" in 3 of these troops. Since
1368 the HAPS group has examined the retinae of mcst perscns par-
*icipating eech year and Frayser hes reported (1970, 1971) the
Incidence, characteristics, and possible etiolcgy of retinal path-
clegy in this group. Several others have subseqguently reported
similar cbservations among mountain climbters and frcm all reports
the cverall incidence of retinal hemorrhage at altitude appears

to be 25-30%. Incidence appears to depenc upon speed of ascent,

1 &3

sltitvde reached, and exertion, but cther facters are gralably

o SowB gy T g O ey BRI e




cperative &as well. Since it is easy to overlock some hemorr-
hages unless the pupils are dilated and phctographs taken, it

is likely that incidence is in reality much higher. With the
exception of the rare pre-macular sub-hyaloid hemcrrhages, most
are asymptcmatic and resolve spcntaneously over a period of time
not yet defired. Their besic mechanism is unknown. The only
retinal abnormalities described until this report have Leen vas-
cular engorgement and tortucsity, hyperemia, occasional papill-
ecma, and hemorrhages. Two observers have reported persistent
visual field defects in four mountazineers who had very severe
altitude illness and retincpathy.

METHODS: The studies reported here follow the same general
pattern of previous years but are more concentrated and specialized
a&nd will provide for the first time long term follcw-up. The
study population consisted of three groups: I Six climbers
adapted to altitude by a ten day climb from 3280 to 5360 m. and

a stay at that altitude of five weeks prior to being studied;

IT Seven climbers acapted by the ten day climb frcm 3280 to 5360
m. and examined irmecdiately after arrival and caily thereafter;
ITII CSeven scientists flown to 5360 m. after a short stay at

3280 m. and examined daily for the week after arrival. When
relevant, some data from the 1976 studies have been included. All
baseline stucdies were done on Groups I and II at sea level but
only some were ccmpleted on Group III.

Other study protocols performed on all groups were designed to
examine respcnses to exertion, to hypoxemia during sleep, and

to changes in pulmonary mechanics. These observations are not
included here except where they bear directly on the purposes of
this study; they are teing repcrted elcewhere.

Based on the more sophisticated observations macde in the course of
this study we prcpecse the term High Altitude Retinnpathy (HAR)
irstead of the more restrictive term High Altitude Retinal Eemorr-
hage (HARH) which is a part of the over-all changes seen at altitude.
Under HAR we include vascular engorgement and tortucsity, dise
hyperemia, retinal hemorrhage, and "cotton wool" exudates.

Yorzholecgy of EAR: All 20 persons were examined by direct cophthal-
Tescepy each cday at Logan High. Retinal phetographs were taken

at intervals as well as befcre and irrediately after Stage I and
IIT exercise on a bicycle ergcmeter. A Tcpcon TRC-F motorized
carera with synchronized sequential flash and Kocdachrcme II film
were used. Retinal vessel rmorphelegy, disc hyperemia, and number,
choracter and lecaticn of herorrhages were deternined in the large
rinber of phcotegraphs resulting. Retinal eangicgraphy was done
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with one frame per second photography following intravenous
injection of 5 ml of 10% fluorescein. Colcr photographs were
taxen before and after exercise on all 20 members of the three
grcups at Logan High. TFlucrescein angiography was done on all
20 perscns after exercise. Baseline angiography was dcne on the
13 perscns in Greoups I and II at sea level before the project
start. Mydriasis was acccmplished by instilling 10% necsyn-
eprhrine and 0.5% tropicamide before all photography. Angio-
graphic detail was confirmed and flucrescein leakage determined
by examination of these photographs.

Examinations by direct ophthalmcscopy were done in a dark room,

usually in the evening, without mydriasis. This portion of the

study was largely descriptive and intended to identify the pre-

valence of various morphologic changes and their pessible causal
or temporal relationships to other activities or events.

Visual Acuify ané Field Testfing: The 13 members of Groups I and
IT were examined for 30° kinetic visual fields using a Buasch

and Lombe Autoplot with a 0.5 mm white target. Lighting at

sea level and altitude was not identical. Amsler grid subjective
testing was also performed at sea level and at altitude. Visual
acuity was measured with a standard Snellen chart at 6 m. and
color vision was screened by Ishihara test plates.

Provocative Tests: In an effort to confirm or refute the poss-
1bility that certain normally performed activities might increase
the liklihood of HAR, retinal photographs and fluorescein- angio-
grarhy were carried out on all 2C perscns after Stage I and III
exercise dcne in the course of ancther protocol. Eecause of the
pcssibility that increased intra-thcracic pressure due to straining
(such as normally cccurs during 1lifting, soughing, or defecaticn),
might, by increasing venous pressure, increase the occurrence of
EAPR, open glottis Val Salva mareuvers were perfcrmed by all 20
rerscns at Logan Eigh. This was done by having the individual
maintain a pressure of 50 mm Hg (measured by sphygmomancmeter)
during a 15 second exhalataion. Retinae were inspected before
ancd after two successive maneuvers, the sustained pressure being
considered within the range normally reached in routine activities.

Correlaticn of EAR with Other Observaticns: As part of the entire

project, data Ircm arterial and venous blood samples, expired air,
EEG and EKG tracings (the former while awake and also while asleep
¢nC renitered by cximeter as well), znd cCaily clinical evaluaticns
-re being esseirbled tut these data are not included in this rejort.




There appears to be no relaticnship tetween the symptcms of alti-
tude illness and HAR or HEARH, which confirms our irpzressions in
rrevious years of this study.

RESULTS:

Morpholcgy of HAR: All 20 persons in the three groups shcwed
vascular dilateticn and increased tortuosity at altitude as
contrasted with sea level. This appeared in Groups II and III
very shortly after arrival at altitude; we did not observe Group I
until several weeks after arrival. Arterio-venous crcssing
changes were seen, perhaps because of the dilataticn and tortucsity
of both artery and vein within the relatively fixed diameter of

the ccrumon scleral sheath at the crossing points. Many individ-
vals showed hyperemia of the optic disc. Slight papillecdema may

be confirmed from iInspection of stereo pairs on a few persons.

etinal hemorrhages were noted in 13 of 20 persons studied in
877, ccmpared to appearance of RH in 7 of the 14 persons photo-
raphed in 1976, and to an approximate 3C% incidence in persocns
examined (but not always photographed) in prior years. The
cverall incidence of 60% (in 1877) is higher than we and others
have previously reported perhaps because of the eise with which
RH are seen in the numercus photcgraphs taken, ccmpared to the

ifficulty of seeing all of the areas of the retina by direct
inspection. We expect that when more phctegraphs are taken more
frequently on mountain climbing expeditions, the incidence of RH
will be higher than ncw believed.

Ycst cf the hemorrhages were flame-shaeped and lav within the nerve
fitre layer of the retina. A few hercrrhages were seen both in
deeper or in more superficial leyers. Many had pale centers. Cne
subtject shcwed numerous "ccotton wool" spots in eddition to hem-
crrhages. Merters of all three groups were equally affected.

RH appeared sporadically during the stay at altitude and were

rot limited tc the period immediately after arrival or after tests.
Mary suciects shcwed lcss of definition of the nasal margins of
the cptic disc &s well as hyperemia of the disc, suggesting early
papilledema; stereo pairs must be exeamined to confirm this.

Flucrescein arngiography confir .ed the atcve ciservaticns. In add-
ition, 7 of the 20 perscns examined in 1977 shcowed leakage of
flucrescein in the area of the optic disc, a obtservation not
rreviously repcrted. The sutbject with "cotton wool" spots sheowed
lec¥age in the ischraemic crec:s as might bLe expected,
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Visual Acuity and Visual rields: No change in visual acuity was
ncted in all 13 members of Groups I and II. Tive of the 13 persons
tested with kinetic perimetry shcwed sralil zbsoclute scotcmata

cne of which coincided with cne of the many "cctten wool"™ spots

in the subject with these exucates. In no other subject did the
locaticn of a scotcma match any cbserved retinal atnormality or
hemorrhage. Group III was not tested. Central vision was

thought to be slightly abtnormal in the subject with "cotton

wool" spots but Amsler grid testing was ncrmal in all others.

{

]
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Frovocative Testing: Photographs were taken before and immediately
zIiter measured exercise in 1977 as in 1976. Five of the total

of 36 persons in the two years were found to have fresh hemorrhages
cevelcped during or immecdiately after exercise. None of the RH

were sympteomatic.

All 20 persons in the 1977 study were examined before and immediately
after two successive Val Salva maneuvers; none were found to have
cevelcped fresh RH during the marneuver. Although photcgraphs

were not taken, we cdo not believe RH develcping cduring or after

thls mareuver were cverlooked.

DISCUSSION: High Altitude Retinopathy (HAR) which we cefine

as vascular dilataticn, increased vascular tcrtuosity and disc
hyperemia with or without retinal hemorrhage (RH) appears to develop
in mecst, and perhaps all individuals at the altitude we have been
stucdying (5360 m.) There is insufficient evidence available to
indicate at what altitude EAR begins to appear, though we believe

it mey be cetected at ccnsiceralbly lower elevations. HAR may

te econsicdered a "rorral" response to hypxia and it is seen in
cersons hyroxic from pulmonary insufficiency at sea level as well

zs in well perscns at altitucle. This respcnse beccmes "abnormal®
when vascular deccmpensation is apparent as evicenced by hemorrhages,
"cottcn wool" spots, and pessible papilledera. Over the last

seven years we have chkserved retinal hemcrrhages in more than 35%

of all persons at Logan High, but as techniques of vizualization

and photography improve the percentage increases. EAR has been
present in most’ .. perscns examined. Pale centers have been

seen in a third of all hemcrrhages phctograrhed and may be manifest-
aticns of platelet micro-emboli or s mply undedying ncormal retina

ccen through & thin portion of hermorrhage. Injected flucrescein
cen be seen behind the pale centwr in some instances indicating
that this is net a light reflex. McCermick (personal communication)

cktserved similar pale centers in hremorrhages seen in neo-nat=zs
=specially after prolcnged or forceps-cssisted delivery. Tlough
retinal hemorrhages are secn in crout 25% of all rnecnates examined,
trelr eticlegy is unknewn. Ve heve suggested that they may be due
to hypeoxia in utero or during delivery.
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The finding of "cotton wool" spots in an cotherwi
at a’tluude suggests that significant retinzl is T
at this altitude, the upper limit of where hurans live permanently
and clcse to the aititude at which ceterioraticn cutstrips acap-

tation to hyroxia.. "Cotton wool" spots have rot been previcusly

reported and may have ccnsiderable patho-physiological implicaticns.

Cur studies show that RH may occur at any time after arrival at
altitude and are not limited to the immediate adaptive period.
Almost all are asymptomatic would not be known unless searched for
carefully; even then scme may be overlcoked without photographic

confirmation. There are suggesticns that the onset of hemorr-
hage is rather abrupt and may be weakly agscciated with exertion,
though not with a Val Salva maneuver. The precipitating cause

of high altitude retinal hemorrhage is unkncwn; we believe the
cause is multi-factorial.

Leakage of fluorescein around the disc margin was seen frequently
in this series and seems most likely cdue to endothelial hypoxia

and resulting increase in perwea%iTiLy at this vulneradble locaticn.
Similar leekege occurs in glauccma, in occular hypoiony, and when
spinal fluid pressure is elevated. The optic disc can be affected
By any condition impairing oxygen delivery to this site.

The fact that there is cnly a weak relationship between exertion
end RH and rno associaticn with the Val Salva maneuver suggessts
that RH are due primarily to abncrmality on the arteriolar side
of capillaries. In previous years tonometry has not shown any
change in intra-ocular pressure.

)

An inpeortant part of this study is the lecng-term follcw-up of
persons who have been found to heve a mejor retinal abrnormality
at altitude. We shall be doing specialized field testing at
the University of British Columbia with the help of Dr. Stephen
Trance. This will be cdone by both kinetic and static methods,
1nclud1ng static threshold cuts through the scotcmata cdetected
in 19877 at altitude. We will determine: (1) whether or not per-
sistent visual field defects can Lte identified, and (2) whether
additional parameters or methods should be adcded to cur future
studies.

Ll (‘;

This stucdy acdds further evidence that rorrmal, healthy, asymptcmatic
individuals may have considerable retincpatly after climbing to
5380 m. and perhéaps may develop this considerably below that

altituce. Since scores of thcusérds of serscens are expesed to
this and higher altitudes curing rmountaincering or skiing or
trekking exr eclLro;s, the subject is of censideratle practical
importance. Cecnsidering that hundreds of thcusands of ypeeple have,




during the last hundraé vezrs, gcne to aitiiud
EARH can be expected without any repcrts of re
cgy arpearing in the medical literature, it se
persistent cr detectable visual cefects rmay re
since many tersons with &ecute or chreonic hypox
at sea level also shew similar retirnopathy, th
clinical importance as well. We believe that
is a valuable approach to the study of retinal
cther ceauses.
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