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X: Altitude

The ASRC-CEM Wilderness
Emergency Medical Services
Institute

The ASRC- CEM Wil der ness Emer gency Medi -
cal Serv ices In sti tute, pre vi ously named the Wil -
der ness Emer gency Medi cine Cu r icu lum
De vel op ment Pro ject, is de voted to de vel op ing
cur riculu for wil der ness EMS pro vid ers and medi -
cal con trol phy si cians, and fos ters wil der ness
EMS re search. It is a co op era tive ven ture of the
Ap pa la chian Search and Res cue Con fer ence and
the Cen ter for Emer gency Medi cine of West ern
Penn syl va nia. The ASRC is a large, tightly- knit wil -
der ness search and res cue or gani za tion with
eight teams through out the mid- Appalachian
states. The Cen ter for Emer gency Medi cine is an
emer gency medi cine and pre hos pi tal care re -
search and teach ing or gani za tion.  It pro vides a
medi cal heli cop ter serv ice, an emer gency medi -
cine resi dency, Emer gency Medi cal Serv ices for
the city of Pitts burgh, and con ducts a va ri ety of re -
lated proj ects.

The WEMSI Wilderness EMT
Curriculum

This Les son Plan is one part of the ASRC- CEM
Wil der ness Emer gency Medi cal Tech ni cian Cur -
ricu lum. In con cert with a text book, the Cur ricu -
lum has been in de vel op ment since 1986, and
took as its start ing point a pro gram Dr. Conover
de vel oped for the Na tional As so cia tion for
Search and Res cue in 1980. The Pro ject has also
drawn on other sources. These in clude the Wil -
der ness EMT pro gram of fered by SOLO (Stone -
hearth Open Learn ing Op por tu ni ties), the WEMT 
pro gram de vel oped by Wil der ness Medi cal As so -
ci ates for the Na tional As so cia tion for Search and
Res cue, and the Win ter Emer gency Care Course
of the Na tional Ski Pa trol. The Wil der ness Medi -
cal Socie ty’s edu ca tional and re search pub li ca -
tions pro vide needed back ground for the
Cur ricu lum. The Na tional As so cia tion of EMS
Phy si cians has pub lished clini cal guide lines for
de layed/pro longed trans port that ap ply to
WEMTs.

With its pre req ui sites, this Cur ricu lum com -
plies with the Wil der ness Pre hos pi tal Emer gency
Care cur ricu lum es tab lished by the Wil der ness
Medi cal So ci ety. We as sume that stu dents have
the knowl edge and skills of an EMT- Basic or EMT-
 Paramedic. (The cur ricu lum can ac com mo date
both EMTs and para med ics in the same class.)
The other pre req ui site is cer ti fi ca tion to the Vir -
ginia Ground Search and Res cue Field Team

Mem ber stan dards or equiva lent. EMT stan dards
are avail able from state EMS of fices or the U.S.
De part ment of Trans por ta tion. The Vir ginia
GSAR stan dards are avail able from the Vir ginia
De part ment of Emer gency Serv ices, 310 Turner
Road, Rich mond, VA 23225- 6491. The cur ricu -
lum is competency- based rather than hours-
 based, but can be com peted in roughly five in ten -
sive days. The cur ricu lum also pro vides a check -
list of rec om mended clini cal train ing.

WEMT Lesson Plan
Development

An out line for each of the twenty sec tions of
the WEMT cur ricu lum was cre ated by a Task
Group of five to twenty se lected mem bers, but
draws on many pub lished sources and con sult -
ants. A Task Group Leader guides the Task Group 
in re view ing and re vis ing the sec tion, and the Pro -
ject Co or di na tor ac tively su per vises all as pects of
cur ricu lum de vel op ment. Each Task Group pro -
vides ref er ences to sup port its state ments and for
fur ther read ing, and a glos sary. 

They also have been re fined through seven pi -
lot classes, sev eral which have been held un der
the aus pices of the Vir ginia De part ment of Emer -
gency Serv ices and Di vi sion of Emer gency Medi -
cal Serv ices. These agen cies played a ma jor part
in de vel op ment of the cur ricu lum.

When the out line sat is fies the Task Group, it
goes to our Edi to rial Board. This Board in cludes
of fi cers of the ASRC and Cen ter for Emer gency
Medi cine, ex perts in emer gency medi cine,
search and res cue, and edu ca tion, and a State
EMS di rec tor. Once it is ac cept able to the Board,
we re lease the Les son Plan to the pub lic.

Be cause we ex pect many good sug ges tions
from the pub lic, we are pub lish ing these Les son
Plans, in a sense, as “drafts.” We will dis trib ute
these in di vid ual Les son Plans as widely as pos si -
ble. Af ter all Les son Plans have had a year of pub -
lic re view, we will re view and re vise as
ap pro pri ate, then is sue a sin gle com pre hen sive
cur ricu lum. We will con tinue to re view and re vise 
the cur ricu lum regu larly.

We ac tively so licit sug ges tions from any one
read ing this. Please send your com ments to the
Task Group Leader as listed on the ti tle page.

We are writ ing a text book based on the ma te -
rial in the les son plans. The Pro ject Co or di na tor is
the Editor- in- Chief, and works closely with Task
Groups to con soli date and re vise the ma te rial
into a com pre hen sive text book. All who have
con trib uted to the cur ricu lum will be ac knowl -
edged as con tribu tors. The text book will be sub -
mit ted for pub li ca tion in 1997.



X. Altitude Illness

A.Educational Objectives

1. List com mon medi cal prob lems that
may be ex ac er bated by al ti tude ex po -
sure.

2. List the symp toms of acute moun tain
sick ness.

3. De scribe ma jor pre dis pos ing fac tors for 
al ti tude ill ness, and de scribe the ef fect,
if any, of aero bic con di tion on the like li -
hood of acute moun tain sick ness.

4. List three meas ures to pre vent al ti tude
ill ness.

5. De scribe the signs, symp toms, and
natu ral his tory of:

a. mild and se vere acute moun tain sick -
ness;

b. high al ti tude cere bral edema (HACE);

c. high al ti tude pul mo nary edema
(HAPE);

d. pe riph eral edema from al ti tude; and

e. high al ti tude reti nal hem or rhage
(HARH).

6. Out line the rec om mended treat ment
for mild acute moun tain sick ness, for
mild and se vere HACE, and for mild and 
se vere HAPE.

B.General

1. al ti tude ill ness

a. acute moun tain sick ness (AMS)

b. chronic moun tain sick ness

c. high al ti tude pul mo nary edema
(HAPE)

d. high al ti tude cere bral edema (HACE)

e. high al ti tude reti nal hem or rhage
(HARH)*1

2. AMS very com mon, HAPE less com -
mon, HACE even less com mon

3. di rect ef fects of al ti tude and hy poxia
not moun tain sick ness:

a. de creased men tal func tion due to hy -
poxia

b. short ness of breath due to hy poxia

c. pe ri odic (Cheyne- Stokes) breath ing,
es pe cially at night

d. (ef fects of al ti tude dis cussed more in
The Wil der ness En vi ron ment)

4. al ti tude ill ness
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Notes: Al ti tude Ill ness
The im me di ate man age ment of al ti tude

ill ness is taught in EMT and EMT-P classes.
How ever, the cov er age is scanty, and the
in for ma tion is of ten out- of- date in this
rapidly- changing field. We do not want to
go into de tails of the pa tho physi ol ogy of al -
ti tude ill ness, which is still some what
murky. How ever, cer tain prin ci ples are
now well es tab lished, in ad di tion to the
well known im pera tive of de scent. Wil der -
ness EMTs must know about the roles of
ace ta zo la mide, nife dip ine, and ster oids for 
al ti tude ill ness.

* High Altitude Flatus Expulsion (HAFE): is butt of many jokes, but does appear in the medical
literature; gases expand as ascend; gases in bowel no exception, and either escape in the form
of flatus, or you explode; one case of intestinal rupture possibly due to HAFE reported;
medication called simethicone, found in Mylicon® tablets and some antacids (e.g., Mylanta II®), 
may offer some relief; when planning ascent, common sense recommends avoiding carbonated
beverages and beans; other measures often imposed by teammates, including separate tent and 
downwind tent site



a. de pends on both al ti tude + ra pid ity of
as cent

b. un likely be low 6000- 7000 feet (2000
me ters)

c. more com mon as rap idly as cend to
10,000 feet (3000 me ters)

d. at 14,000 feet (4300 me ters), even if
slow as cent, even more likely

5. al ti tude ex ac er bates medi cal con di -
tions:

a. hy poxia makes fol low ing worse:
(1) an gina pec to ris
(2) con ges tive heart fail ure
(3) chronic ob struc tive pul mo nary dis -

ease
b. hy per ten sion worse from acute ex po -

sure to al ti tude2

6. cause of al ti tude ill ness con tro ver sial,
but some sug gest (sim pli fied):

a. root cause is hy poxia, due to hy pov en -
ti la tion; those with lower than nor mal
hy poxic ven ti la tory drive more sus -
cep ti ble

b. hy poxia and hy pov en ti la tion cause
head ache and nau sea of AMS; in
HACE, cap il lar ies leak fluid, caus ing
brain swel ling

c. hy poxia also leads to vaso con stric tion
in lungs, re sult ing in in creased pres -
sure in some blood ves sels there, then
leak ing from cap il lar ies (pul mo nary
edema)3

7. pre dis pos ing fac tors for al ti tude ill ness:
a. low home al ti tude
b. sleep ing al ti tude
c. ra pid ity of as cent
d. in di vid ual sus cep ti bil ity for al ti tude ill -

ness (those who had al ti tude ill ness
likely to get again)

e. males many times more likely to de -
velop HAPE,* but be ing fe male no pro -
tec tion against AMS4,5,6,7

8. physi cal fit ness

a. physi cal fit ness and ex pe ri ence in high 
al ti tude climb ing: no im mu nity to al ti -
tude ill ness

b. some stud ies show slight in crease in
al ti tude ill ness if in very good aero bic
con di tion,8 though evi dence ac cu mu -
lat ing that this is not true4,9

c. one study: poor aero bic con di tion
and low- carbohydrate diet re sulted in
se vere AMS10

d. obe sity may be risk fac tor for al ti tude
ill ness2,11

9. de hy dra tion

a. does not, as once thought, pre dis pose 
to al ti tude ill ness

b. how ever, does mark edly de crease
per form ance at al ti tude

c. should stay well- hydrated, be cause
de creased urine out put de spite good
hy dra tion may be sign of al ti tude ill -
ness

10. neu ro logi cal defi cits:

a. se vere AMS/HACE and HAPE may
cause con fu sion or a de creased LOC

b. how ever, if pa tient at al ti tude with fo -
cal neu ro logi cal defi cit, can not as -
cribe to al ti tude; should evacu ate
pa tient im me di ately for evalua tion for
pos si ble stroke or TIA: both of more
com mon at al ti tude than at sea level

C.Prevention of Altitude Illness

1. staged as cent:

a. al ti tude ill ness re lated to rate of as cent

b. slower as cents, or planned rest stops,
de crease al ti tude ill ness

c. some times, high al ti tude climb ers de -
scend each night, be cause sleep ing al -
ti tude so im por tant in de vel op ment of
al ti tude ill ness12

2. drugs

a. ace ta zo la mide (e.g., Dia mox®):
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(1) ace ta zo la mide ef fec tive for pre vent -
ing12,1314 and treat ing al ti tude ill -
ness15

(2) same dos age for ei ther: usual adult
dose 250 mg twice a day,* ei ther PO
or IV

(3) some sug gest just 125 mg twice or
even once a day; some rec om mend
three times a day, but Dr. Hack ett
rec om mends same twice a day dose
for both pre ven tion and for treat -
ment

(4) to be most ef fec tive, start at least
twenty- four hours be fore as cent

(5) ace ta zo la mide is sulfa drug, and
those with sulfa al lergy must not take
it; for such peo ple, dex ametha sone
is rea son able al ter na tive for pre ven -
tion

(6) works by in creas ing ven ti la tion and
in creas ing oxy gena tion, not just
mask ing symp toms

b. dex ametha sone (e.g., De cad ron®):
(1) works well for treat ing acute moun -

tain sick ness and HACE but not
HAPE16,17

(2) symp toms may re turn if with drawn,
so im por tant to con tinue if un able to
de scend

(3) some rec om mend it to pre vent
AMS;18 one study showed it bet ter
than ace ta zo la mide19

(4) an other study, how ever, showed
that lower than rec om mended doses 
in ef fec tive for pre ven tion16

(5) as with any po tent ster oid, may have
sig nifi cant side ef fects

(6) at pres ent, we rec om mend dex -
ametha sone to treat any pa tient with

AMS, but for pre ven tion only in
those with a his tory of AMS, and only 
if al ler gic to sulfa (and thus al ler gic to
ace ta zo la mide)20,21**

c. nife dip ine (e.g., Pro car dia®, Ada -
lat®):

(1) will help pre vent high al ti tude pul mo -
nary edema in those who have had it
be fore

(2) how ever, may have side ef fects in -
clud ing or thostatic hy poten sion
(light head ed ness from low blood
pres sure on stand ing up)

(3) there fore not suit able for rou tine pre -
ven tion, ex cept pos si bly if prior his -
tory of high al ti tude pul mo nary
edema22

3. high- carbohydrate diet:

a. eat ing high- carbohydrate meals im -
proves ex er cise per form ance at al ti -
tude, and de creases symp toms of
AMS10,23

b. high- carbohydrate diet re duces al ti -
tude ill ness by 30%24,25

c. since most de velop ano rexia (de -
creased ap pe tite) at al ti tude, sweet
drinks ideal form of car bo hy drate sup -
ple ment26

4. ap pro pri ate ex er cise lev els: some
climb ers re port heavy ex er cise makes
al ti tude ill ness more likely, though no
con trolled stud ies avail able

5. avoid al co hol: high al ti tude climb ers re -
port drink ing al co hol well- known to in -
crease in ci dence of al ti tude ill ness

6. Don’t let any one as cend with symp -
toms of al ti tude ill ness.
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* susceptible people have lower oxygen saturation, increased levels of some hormones (renin,
angiotensin, aldosterone, norepinephrine, epinephrine, ACTH, cortisol); in one study, HAPE
male:female ratio 49:1, though ratio of male:female climbers was only 2:1; same study shows
81% incidence of HAPE in those who had it before, but only 10% in others (controls)

* 5 mg/kg/day divided into two doses (twice a day)



D.Acute Mountain Sickness (AMS)

1. mild AMS

a. acute moun tain sick ness (AMS)

(1) com mon af ter sud den as cent: many
fly ing to high al ti tude ski re sorts have
mild AMS

(2) 20% who as cend rap idly to about
8,000- 10,000 feet (2,500-3,000 me -
ters) will de velop AMS

(3) how ever, mi graine, mus cle ten sion,
and eye strain head aches also more
com mon at al ti tude, and may simu -
late symp toms of AMS17,27,28

b. symp toms of acute moun tain sick -
ness, in ad di tion to head ache and nau -
sea, in clude symp toms of al co hol
hango ver or mi graine head ache, both
also thought due to brain vaso di la tion:

(1) tired ness, mal aise, and drowsi ness

(2) weak ness and dysp nea on ex er tion

(3) ano rexia (loss of ap pe tite)

(4) dif fi culty sleep ing, of ten with promi -
nent pe ri odic (“Cheyne- Stokes”)
breath ing

c. nor mal course of mild AMS, as sum ing
don’t as cend higher, is to last 15
hours, then re solve com pletely; rarely
may last longer, up to 90 hours

2. se vere AMS: rec og nized by in creas ing
neu ro logi cal symp toms, in clud ing con -
fu sion, ataxia (ab nor mal walk ing gait);
grades into HACE

3. chronic moun tain sick ness: be yond
scope of Wil der ness EMT train ing (if in -
ter ested, or to learn more physio logi cal
de tails of al ti tude ill ness, read al ti tude
chap ter in Au er bach and Gee hr’s
text,29 or Ward, Milledge, and West’s
com pen dium on al ti tude medi cine and
physi ol ogy30)

E.High Altitude Cerebral Edema
(HACE)

1. HACE is se vere stage of AMS, with sig -
nifi cant cere bral edema and ele vated
in trac ra nial pres sure

2. leak of fluid from blood into white mat -
ter of the brain

3. HACE less com mon than HAPE; of
troops rap idly trans ported by air to
11,500 feet (3,500 me ters), 1.25% de -
velop HACE, 5.7% de velop HAPE;
mean al ti tude for HACE is 15,500 feet
(4,720 feet), slightly higher than for
HAPE2

4. most re li able sign of de vel op ing HACE
is ataxia: ask pa tient to walk straight
line, plac ing heel of one foot di rectly in
front of toes of other foot; at al ti tude, if
not oth er wise in toxi cated and can not
walk the line, must de scend ASAP

5. later stages of HACE: coma, fol lowed
by death

6. stroke and TIA (tran sient ischemic at -
tack) more com mon at al ti tude, and
may look like HACE; may be due to
com bi na tion of hy poxia, de hy dra tion,
and brain swel ling

F. High Altitude Pulmonary Edema 
(HAPE)

1. as in ARDS (Adult Res pi ra tory Dis tress
Syn drome), protein- rich fluid leaks into
lungs

2. on set usu ally slower than AMS, usu ally
sec ond to the fourth day af ter start ing
as cent or ar riv ing at ele va tion

3. less com mon than AMS: af ter as cend -
ing to 12,000- 14,000 feet (3,500 to
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** Dr. Peter Hackett is our primary source for these drug recommendations



4,250 me ters), only 0.5% of adults and
8% of those younger than 16 will de -
velop HAPE31

4. di ag no sis:
a. early di ag no sis key to treat ment of

HAPE
b. early HAPE char ac ter ized by
(1) dry cough
(2) de creased ex er cise tol er ance
(3) in ter mit tent slight short ness of

breath and chest tight ness, usu ally at
night

c. may note in creased heart rate and in -
creased res pi ra tory rate even at rest,
cya no sis of the lips or ex tremi ties, or
râles (crack les) in lungs

d. hy poxia of HAPE may not be as so ci -
ated with se vere symp toms, be cause
blunted drive to breathe is it self fac tor
in the de vel op ment of HAPE

e. how ever, hy poxia from HAPE may
cause con fu sion, neu ro logi cal symp -
toms, or even coma, all with out short -
ness of breath

5. pa tients with more se vere HAPE of ten
de velop frothy spu tum; once pa tient
be comes un con scious from HAPE,
death usu ally in 6-12 hours

G.Peripheral Edema

1. com mon on as cent to al ti tude; though
un com fort able, sel dom causes prob -
lems in it self, though may warn of more
se vere al ti tude ill ness to come

2. diu ret ics such as fu rosemide (e.g., La -
six®) or ace ta zo la mide some times
given to more rap idly re move pe riph -
eral edema, but usu ally cor rects any -
way, even with out medi ca tions, af ter a
few days at al ti tude

H.High Altitude Retinal
Hemorrhage (HARH)

1. com mon above 15,000 feet, but rarely
cause symp toms, un less in volve cen ter
ret ina, caus ing dif fi culty with vi sion

2. no known treat ment or pre ven tion for
HARH, but de scent wise if se vere hem -
or rhage

I. Treatment of Altitude Illness

1. AMS: treat ment of AMS mostly symp -
to matic:

a. stop as cend ing or go down
(1) mild AMS may in di cate wors en ing

AMS to come if rate of as cent stays
the same

(2) af ter symp toms gone, as cend at a
slower rate

(3) for more se vere AMS, de scent of
500- 1000 me ters (1500- 3000 feet)
ade quate

(4) if re cov ers com pletely, may safely
reascend (gradu ally), but with un der -
stand ing that pre dis posed to al ti tude
ill ness

b. oxy gen, es pe cially at night (low flow
rate: 1 li ter/minute)

c. as pi rin or aceta mino phen for head -
ache

d. an tie met ics (anti- nausea drugs) such
as pro chlor pera zine (e.g., Com -
pazine®) for nau sea; some what se -
dat ing, but in creases ven ti la tion,
es pe cially when hy poxic,32,33 so ideal
for al ti tude ill ness

e. ace ta zo la mide (e.g., Dia mox®): start
un less con tra in di ca tion such as sulfa
al lergy For treat ment, give the stan -
dard dose (adults: 250 mg of ace ta zo -
la mide every 12 hours,* PO or IV)

f. dex ametha sone (e.g., De cad ron®): 4
mg PO or IV four times a day (if
predni sone avail able, but not dex -
ametha sone, 30 mg Predni sone four
times a day roughly equiva lent)

2. se vere AMS/HACE:
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a. for pa tients with al ti tude ill ness and
sig nifi cant neu ro logi cal symp toms,
only ac cepted treat ment is to go back
down; if weather or ter rain pre vent im -
me di ate de scent, can use back pack -
able fab ric pres sure cham ber to
simu late a de scent*34,35,36,37,38

b. al though sec on dary com pared with
de scent, start other treat ments:**

(1) low- flow oxy gen

(2) dex ametha sone as de scribed above
for mild AMS

(3) ace ta zo la mide un less al ler gic to it;
give stan dard dose de scribed above

(4) fu rosemide (e.g., La six®), in small
doses (i.e., 20 mg PO or IV), will help
de crease brain swel ling; if give fu -
rosemide, must care fully moni tor
urine out put and blood pres sure

(5) if have Ad vanced Life Sup port ca pa -
bili ties, and pa tient has mark edly de -
creased level of con scious ness:

() place Foley uri nary cathe ter

(a) start IV

(6) if pa tient de te rio rates, may need to
in tu bate and sup port ven ti la tion

3. Se vere HAPE:

a. if al ti tude ill ness and se vere pul mo -
nary symp toms, as for se vere neu ro -
logi cal symp toms, only ac cepted
treat ment is to go back down (port -
able pres sure cham ber may buy some
time);29,39,40,41,42,43 sec on dary treat -
ments:

(1) high- flow oxy gen

(2) keep pa tient warm; cold may in -
crease spasm in pul mo nary blood
ves sels

(3) if alert enough, use pursed- lip breath -
ing, and use pos tural drain age (dis -
cussed in Wil der ness Medi cal
Prob lems)

(4) nife dip ine (e.g., Pro car dia®, Ada -
lat®) is treat ment of choice for
HAPE: usual dose 10 mg chew- and-
 swallow and a 20 mg sustained-
 release cap sule im me di ately, then
20 mg sustained- release cap sule
every 6 hours44,45; nife dip ine has
also been used to pre vent HAPE46

(5) ace ta zo la mide un less al ler gic; use
stan dard dose (de scribed above)

(6) ster oids such as dex ametha sone not
use ful in treat ing HAPE

(7) fu rosemide and mor phine, as used
to treat con ges tive heart fail ure pul -
mo nary edema on street or in Emer -
gency De part ment, not very use ful
for HAPE, and clearly sec on dary to
nife dip ine and ace ta zo la mide

Glossary

AMS: Acute moun tain sick ness.
Ano rexia: Loss of ap pe tite.
Ataxia: An ab nor mal walk ing gait.
Cheyne- Stokes Breath ing: Pe ri odic breath ing, with

wax ing, wan ing, and pe ri ods of ap nea. Com mon 
in con ges tive heart fail ure, and at al ti tude.

Diu ret ics: Medi ca tions that make you ex crete more
urine than your might or di nar ily ex crete. La six®
(fu rosemide) is a strong, commonly- used diu -
retic. Ace ta zo la mide (Dia mox®) is a mild diu -
retic.

HACE: High al ti tude cere bral edema.
HAFE: High al ti tude fla tus ex pul sion.
HAPE: High al ti tude pul mo nary edema.
HARH: High al ti tude reti nal hem or rhage.
Hy pov en ti la tion: In ade quate rate or depth of breath -

ing.
Hy poxia: A low level of oxy gen in the blood.
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* 5 mg/kg/day divided into two doses (twice a day)
* two designs now commercially available, one in the U.S., another in France; both used in Nepal

** these recommendations from Dr. Peter Hackett as of August 1992; differ slightly from
recommendations of the Wilderness Medical Society Position Statements



TIA: tran sient ischemic at tack. An acute neu ro logi cal
defi cit, simi lar to a stroke, but that com pletely re -
solves in a short time (hours).
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