Cinical Reviews: H GH ALTI TUDE | LLNESS

0.0 SUMVARY
0.1 CRITI CAL FOCUS
A GENERAL:

1. ALL MAN FESTATI ONS: Descent, rest, oxygen.
2. SERI QUS COWPLI CATIONS: Mechani cal ventilation, Swan-Ganz
noni toring, decrease intracranial pressure.
3. PREVENTION: Acetazol amide, acclimatization.
B. ACUTE MOUNTAI N SI CKNESS:
1. DESCENT: 3000 to 4000 feet (1000 to 1500 neters) usually

adequat e.
2. OXYGEN For nore severe synptons; useful for all forns
of altitude illness, including AVS (but often not

available); give 2 to 3 L/mn.

3. ACETAZOLAM DE: 250 ng PO @BH (children: 5 ng/kg/day PO
in 3 divided doses) for 48 hours.

4. DEXAMETHASONE: 4 ng POor IMQ@H in patients with
neurol ogi ¢ deterioration (eg, ataxia, change in |evel of
consci ousness) or severe headache and/or vomting.

5. ASPIRIN OR ACETAM NOPHEN: 650 ng (children: 10 to 15
ng/ kg) PO Q4-6H for headache.

6. PROCHLORPERAZINE: 10 ng | Mor PO @-8H (children >2
years: 0.4 ng/kg/day PO or 0.2 ng/kg/day IMin 3 to 4
di vi ded doses) for nausea and vomting.

C. H GH ALTI TUDE PULMONARY EDENA:

1. BED REST/WARMIH: To decrease pul nonary artery pressure;
avoi d exertion.

2. OXYGEN If available, give 6 to 12 L/ min by nasal
cannula or face mask (1 to 2 L if Q2 is a problem.

3. DESCENT: As rapidly as possible but preferably with
little exertion by the victim 1000 to 3000 feet may be
adequat e.

4. A RWAY MANAGEMENT: CPAP by tight-fitting mask i n awake
patients; intubation, nmechanical ventilation, and PEEP
for severe cases.

5. FURCSEM DE: 20 to 40 ng (children: 1 to 2 ng/kg) |V nay
be needed if intravascular volune is increased (rarely
necessary); nust be given under nedical supervision.

6. N FED PI NE (Emergency treatnment when descent or
evacuation is inpossible and suppl enental oxygen is not
available): 10 ng SL plus 20 nmg PO of sl owrel ease
nifedipine. |If systolic BP does not decrease >/=10 nmHg
within 10 mn, repeat SL dose after 15 nmin, then give 20
ng of slowrelease nifedipine @GH for entire tine at
al titude.

7. MORPHNE 2to 10 mg IV if no cerebral involvenent

(children: 0.1 to 0.2 ng/kg/dose IV); rarely necessary.

H GH ALTI TUDE CEREBRAL EDENA:

DESCENT.

OXYGEN. 2 to 4 L via nasal cannul a.

Al RWAY MANAGEMENT: | ntubati on and hyperventilation for

patients in coma (nechanical ventilation for long-term

managenent) .

4, FURCSEMDE: 20 to 40 ng IV (children: 1 to 2 ng/kg/dose
V).

5. DEXAMETHASONE: 10 ng IV initially, then 4 mg Q6H
(children: 0.25 to 0.5 ng/kg/dose IV QB6H).

6. FOLEY CATHETER  For bl adder drainage if comatose.

E. PROPHYLAX S:

1. ACCLI MATI ZATI ON:  Graded exercise and sl ow ascent (300
nm day over 3000 m) avoid abrupt ascent fromsea level to
sl eeping altitude over 10,000 ft; stay at internediate
altitude for one night.

2. ACETAZOLAM DE: 250 ng PO BID, or one sustained-action
500-ng capsul e PO @4H (children: 5 ng/kg/day POin 2
di vi ded doses) begi nning 3 days before ascent and
continuing for 2 to 3 days at altitude.

0.2 CLI NI CAL PRESENTATI ON

A.  ETIOLOGY: Relative or absolute hypoxia secondary to | ow
oxygen content of air at altitudes above 7200 feet (2000
nmeters); HAPE and HACE rarely occur bel ow 2500 m

B. CLASSIFICATION. Primary clinical syndrones are acute
nmount ai n si ckness (AMS), high altitude pul nonary edenma
(HAPE), high altitude cerebral edema (HACE); may occur
singly or in conbination.

wrop Y
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C. PREDI SPCSI NG FACTORS: Rapid ascent, lack of sufficient
time for acclimatization, increased physical activity,
prior episodes, underlying pul monary di sease, drugs that
depress ventilation

D. CLINICAL FINDINGS: Onset usually within first 48 hours of
arrival at a higher altitude

1. AMS: Headache (nmpbst common and usual |y nost prom nent

synpton), nausea, voniting, anorexia, |ethargy, sleep
di sturbance, vertigo or dizziness, palpitations,
difficulty in concentrating; synptons often worse on
second and third day, especially on awakening

2. HAPE: MId fever, tachypnea, tachycardia, dry cough
ral es, cyanosis, fatigue; occasionally, wheezing
ort hopnea, henoptysis (late), chest pain (tightness);
confusion, ataxia, conma possible; synptons often preceded
by strenuous exercise; victimoften awakes with it; nmay
be confused with bronchitis or pneunonia early in course

3. HACE: Severe headache; confusion, delirium Iassitude
hal | uci nati ons, enotional lability progressing to cong;
gait ataxia common early finding; possible foca
neurol ogi ¢ signs; papilledena.

E. COWPLI CATIONS: Anoxi c encephal opathy (rare); death (HACE
HAPE) if unrecogni zed and untreated

0. 3 DI AGNCSTI CS

A, LABORATORY

1. AMS: No laboratory tests generally required; usually
| oner Sa®@% than normal for that altitude and w dened A-a

2 difference

2. HAPE: ABGs (hypocapnic al kal osis; severe hypoxem a (PaQ2
<30 to 40)).

3. HACE: ABGs; drug toxicology screen if diagnosis
uncertain; electrolyte panel not useful

B. RAD OLOGY:

1. AMS: Not indicated

2. HAPE: Chest film- patchy alveolar infiltrates with
sparing of bases and prom nent pul nbnary arteries.

3. HACE: Chest film CT scan

C. DI AGNCsTI C Al DS

1. HAPE: EKG (signs of acute pul nonary hypertension);
pul monary artery catheterization if patient fails to
i nprove with oxygen therapy, rest, descent.

0.4 DI FFERENTI AL DI AGNCSI S

A. AMS: (Gastroenteritis, head traumm, hypotherm a
dehydration, drug ingestion, exhaustion, carbon nonoxi de
poi soni ng, al cohol "hangover"; usually can be
differentiated on basis of history.

B. HAPE: Any respiratory infection or inflammation; history,
x-rays, and failure to inprove with oxygen therapy and
descent shoul d suggest another entity.

C. HACE: Any entity producing cerebral edema and neurol ogi c
findings; failure to inprove with oxygen therapy and
descent suggests another entity; electrolyte |levels, LFTs,
CT scan, |unbar puncture may be necessary to rule out
ot her causes of cona.

1.0 CLI NIl CAL PRESENTATI ON

1.1 | NTRODUCTI ON

1.1.1 ETIOLOGY

A DEFINTION

1. Relative or absol ute hypoxia secondary to | ow oxygen
content of air at altitudes above 2000 neters (7200
feet); HAPE and HACE rarely occur bel ow 2500 m (8200 ft)
(Hackett, 1992; Yaron, 1994; Pigman, 1990).

2. Requires several physiologic adaptations, sonme of which
are advant ageous (el evated hematocrit and i ncreased
breat hing), while others are di sadvant ageous
(respiratory al kal emi a and decreased stroke vol une).

3. Severity of synptoms influenced by |level of altitude
rate of clinb, terrain, and environnent on nountain
(Shukitt-Hal e, 1980; Ergun, 1994).

B. ALTITUDES (Hackett, 1992; Ergun, 1994):

1. HGHALTITUDE: 1500 to 3500 m (4900 to 11,500 ft) above
sea | evel ; decreased exerci se perfornmance and increased
ventilation occur, without major inpairment in arteria
2 transport. Altitude illness comon wi th abrupt
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ascent to >2500 m (8200 ft).

2. VERY H GH ALTITUDE: 3500 to 5500 m (11,500 to 18, 000
ft); maximumarterial Q2 saturation falls to <90%
extrene hypoxem a may occur during sleep, exercise
altitude illness. Abrupt ascent nmay be dangerous;
requi res period of acclimitization

3. EXTREME ALTI TUDE: >5500 m (>18,000 ft); acconpani ed by
severe hypoxem a and hypocapni a; abrupt ascent al nost
al ways precipitates altitude ill ness.

1.1.2 CLASSI FI CATI ON

A.  OVERVI EW

1. HYPOXI C SYNDROMES (Hackett, 1992):

a. Problens of primary concern are those attributable
directly to hypoxia, including acute hypoxia, acute
nmount ai n si ckness (AMS), high altitude pul nonary edenma
(HAPE), high altitude cerebral edema (HACE)
retinopathy, peripheral edema, sleeping problens, and
group of nerurol ogi ¢ syndrones.

b. Share fundanental nechanism occur in setting of rapid
ascent in unacclinatized person, and respond to sane
essential therapy (oxygen, descent).

2. NONHYPOXI C SYNDROVES: Thronboenbolic events (nay be
attributable to dehydration, prolonged incapacitation
pol ycyt hem a, cold), high altitude
pharyngitis/bronchitis, ultraviolet keratitis (Hackett,
1992).

B. MOUNTAI N SI CKNESS, ACUTE

1. EPIDEM QLOGY:

a. |INCIDENCE: 20%to 50% depending on altitude and rate
of ascent (Hackett, 1992; Montgonery, 1989; Honi gnan,
1993; Theis, 1993).

b. ACGE

(1) Younger persons are at higher risk than are ol der
persons, although no age group is i mune (Hackett,
1976; Roach, 1995; Theis, 1993). However, a study of
AMS occurring at internediate altitude (2000 to 4000
n) reported no associati on between age and nunber of
synpt ons (Mont gonery, 1989).

(2) A der persons, including those with underlying
asynpt omati ¢ cardi opul nonary di sease, can safely visit
noderate altitudes (Roach, 1995).

2.  CLI NI CAL PRESENTATI ON\:

a. Manifested by headache, dyspnea, dizziness, anorexia
nausea, vomting, fatigue, and insomia; physica
findings may include cyanosis, pallor, periorbita
edema, tachycardia (Mntgonery, 1989; Pignman, 1991
Hackett, 1992).

b. Synptons may begin during ascent but nore typically
occur 6 to 48 h later. Wth avoi dance of overexertion
they usually decrease in 1 to 7 days, even when staying
at the sane altitude (Mntgonery, 1989).

EDEMA, PULMONARY, H GH ALTI TUDE
| NCI DENCE

a. 0.5%to 6% depending on altitude (uncommon at <10, 000
ft), speed of ascent, and individual susceptibility
(Hackett, 1992; Hsia, 1994; Yaron, 1994; Hultgren
1978).

b. Subclinical formabove 14,000 ft is common, noted in
15%to 23% of trekkers (Hackett, 1979; Houston, 1975).

2. CLI NI CAL PRESENTATI ON: Most |ethal syndrone.
Mani f ested by nmarked shortness of breath, undue fatigue
a persistent, progressive, nonproductive cough
tachypnea, tachycardia, cyanosis, fever, chest
di sconfort; synptons often worsen with sleep (Rabold
1989; Hsia, 1994).

3. RECURRENCES: Common; reported after rapid ascent to
4559 min two thirds of adult residents of |ow altitude
with history of HAPE (Vock, 1989).

Q)

D. EDEMA, CEREBRAL, H GH ALTI TUDE

1. DEFINITION. Presence of progressive neurol ogic
deterioration in person with AVMS or HAPE (Hackett,
1992).

2. |INCIDENCE: Least comon formof altitude illness

(Hackett, 1992; Yaron, 1994). Incidence in M Everest
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trekkers is 1% (Hackett, 1976).

3. CLINICAL PRESENTATI ON: Characterized by altered nenta
status, ataxia, stupor, and progression to cona if
untreat ed; headache, nausea, and vomting may or nay not
be present; may be focal neurol ogic signs, eg, 3rd and
6th cranial nerve pal sies, associated with increased | CP
(Hackett, 1992).

E. RETI NOPATHY, H GH ALTI TUDE

1. Include retinal edemm, tortuosity and dilatation of
retinal veins, disc hyperem a, retinal henorrhages, and
cotton wool exudate (rare) (Hackett, 1992).

2. Retinal henorrhages comon above sl eeping altitude of
5000 m and occur at lower altitudes in persons with

altitude illness; usually asynptonmatic; resolves
spontaneously in 10 to 14 days (Hackett, 1992; Shuping
1993).

F. BRONCHI TIS, H GH ALTI TUDE
1. Comon entity at altitudes >14,000 ft and may be
confused with HAPE. Synptons range fromnild dry cough
to production of copious yell ow green sputum and
henmopt ysi s; cough occurs prinmarily at rest. Patient may
conpl ain of exertional (but not resting) tachypnea
fever is absent. Lungs may have coarse rhonchi, but
nore conmmonly are clear. Synptons worsen on ascent and
i nprove on descent (Rabold, 1989).
2. Appears to be due to sterile bronchial inflammtion
caused by chronically high mnute volune of cold and dry
air (Rabold, 1989).
KERATI TI' S, ULTRAVI OLET
Synpt ons del ayed for 6 to 12 h postexposure
Characterized by severe eye pain, foreign body or gritty
sensation, photophobi a, tearing, nmarked conjunctiva
erythema, chenosis, lid edena. Cenerally self-linited
and heal s within 24 hours (Hackett, 1992).
H.  MOUNTAI N SI CKNESS, CHRONI C
1. CGENERAL: My develop after variable length of residence
in both long-termhigh altitude residents and | ow anders
who relocate to high altitude; incidence higher in males
and increases with age (Hackett, 1992).
2. CLI NI CAL PRESENTATI ON: Characterized by excessive
pol ycythem a for given altitude (Hgb >20 to 22 g/dL);
causes headache, difficulty thinking and sl eeping
i npai red peripheral circulation, drowsiness, chest
congestion (Hackett, 1992).
1.1.3 EPI DEM OLOGY

)

A AMVS
1. Incidence is 20%to 40% depending on altitude and rate
of ascent (Hackett, 1992; Montgonery, 1989; Roach, 1995
Thei s, 1993).

2. Younger persons are at higher risk than are ol der
persons, although no age group is i mune (Hackett, 1976
Roach, 1995; Theis, 1993). However, a study of AMS
occurring at internediate altitude (2000 to 4000 m
reported no associ ati on between age and nunber of
synpt ons (Montgonery, 1989).

3. dder persons, including those with underlying
asynpt omati ¢ cardi opul nonary di sease, can safely visit
noderate altitudes (Roach, 1995).

4. (Qccurrence of altitude illness does not appear to be
related to previous altitude experience (Hackett, 1976).

B. HAPE

1. Incidence is 0.5%to 6% (Hackett, 1992; Yaron, 1994,

Hul tgren, 1978). Subclinical form above 14,000 ft is
common, noted in 15%to 23% of trekkers (Hackett, 1979
Houst on, 1975).

2. Recurrences common; reported after rapid ascent to 4559
min two thirds of adult residents of lowaltitude with
hi story of HAPE (Vock, 1989).

3. Mortality is 4%to 27% depending on rapidity of descent
and evacuation (Rabol d, 1989).

C. HACE

1. Least common formof altitude illness (Hackett, 1992
Yaron, 1994).

2. Incidence in M Everest trekkers is 1% (Hackett, 1976).

(c)1974-1999 M cronedex, Inc. Volunen 100 Fecha de caduci dad: 30/06/99
Pg 4



Cinical Reviews: H GH ALTI TUDE | LLNESS

D.

MORTALITY: Altitude accounts for 10%to 15% of deaths
anmong trekkers; persons in organized trekking groups are
at a higher risk than those traveling on their own
(Shlim 1992).

1. 1. 4 PATHOPHYSI OLOGY

A

1

B

1

mm

A&eTITOWO

1

GENERAL

Il nesses associated with altitude have fluid retention
fluid compartment shifts, and | eaky m crovascul ar beds
secondary to the hypoxem a as the basic underlying

pat hophysi ol ogi ¢ mechani sm (Ergun, 1994; Reeves, 1991).
Hypoxemi a results from decreasi ng baronetric pressure
and partial pressure of Q2 with altitude. Decreasing Q2
tension stimul ates peripheral chenoreceptors to increase
al veol ar ventilation; this blows off CO2, |leading to
respiratory al kal osi s (Reeves, 1991).

Al types caused by a | ack of oxygen. These entities
rarely exist alone, and the victimusually presents with
a predom nance of signs and synptons of one condition

as well as with several findings associated with the
other entities (Hackett, 1976, 1979; Pignman, 1990;

Mont gonery, 1989; Hackett, 1992; Yaron, 1994; Ergun
1994).
CLI NI CAL SETTI NG

Syndrones occur singly or in conbination al nost
exclusively within the first 96 hours of arrival at high
altitude (7500 feet or 2710 neters) or after ascending
to a new, higher altitude before acclinatization has
occurred. AMS may occur at altitude as | ow as 2000 m
(Mont gonery, 1989; Pigman, 1990; Ergun, 1994).

HAPE

Seen al nbst exclusively in persons who ascend to

el evations >2740 m (Rabol d, 1989). My occur in high
altitude residents upon return to elevation after a
visit to lower altitude

Characterized by marked pul nonary vasoconstriction; my
i nvol ve increased al pha adrenergic activity (Hackett,
1992). Appears to be caused by stress failure of

pul nonary capillaries (Wst, 1992). Can occur in
suscepti bl e persons despite the presence of a normal or
hi gh ventilatory response to hypoxia (Selland, 1993).
HACE: Hypoxic cerebral vasodilatati on appears to be

i nvol ved i n pat hogenesis of HACE but not of ANMS

Prol onged increased capillary pressure in vasodil ated
areas could |l ead to vasogeni c cerebral edenma (Lassen
1992).

. 5 PREDI SPCSI NG FACTORS

Travel to nountains fromaltitudes <900 m fast rate of
ascent (eg, arrival to altitude by airplane, ascent on
foot >300 nf day above 3000 n) (Honignman, 1993).
Strenuous exerci se (Honi gman, 1993; Bartsch, 1992); not
al ways correl ati on between physical fitness and
susceptibility to AMS (M 11 edge, 1991; Pigman, 1990).
Unil ateral pul nonary artery (congenital).
Underlying respiratory, cardiac, or neurol ogic disease
(Honi gnan, 1993). (However, ol der persons with
under |l yi ng asynptomati c cardi opul nonary di sease, can
safely visit noderate altitudes (Roach, 1995).)
Prior episodes (Vock, 1989; Honi gnman, 1993).
Use of respiratory depressants, eg, alcohol, codeine
barbi turates, diazepam Al cohol inhibits initial stages
of adequate acute ventilatory adaptation to mld hypoxia
at noderate altitude (Roeggla, 1995).
Adol escent and preadol escent high altitude residents who
return to altitude following a visit to sea |evel
Low vital capacity (eg, kyphosis, pneunonectony).
Fluid retention.
Pul nonary hypertensi on
Sl eep apnea syndrones (Normand, 1992; Col denberg, 1992);
however, periodic breathing may be hel p adaptation to
altitude (CGol denberg, 1992).
Bl unt ed hypoxic ventilatory response (carotid body
function) (Rathat, 1992).
However, this is controversial, as several studies have
shown no correl ati on between HVR and subsequent
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M

susceptibility to AMS (M 11 edge, 1991) or that |ow HVR
alone is critical factor for HAPE (Matsuzawa, 1989
Sel | and, 1993).

Persons with a nore vigorous ventilatory response to
hypoxi a appear to have nore residual neurobehaviora
impai rnent after returning to | ower el evations

(Hor nbei n, 1989).

I ntracardi ac shunting across patent foranen oval e
(present in 10%to 30% of normal adults) (Levine, 1991).

1.2 ASSOCI ATED CONDI TI ONS

A
1

B
1

HYPOTHERM A
Because high altitude is a frequent acconpani nent of
wintertime activities (eg, skiing), concomtant illnesses

due to cold exposure, hypotherma, or frostbhite may be
present and shoul d be sought.

TRAUVA

May be a frequent cause of trauma, eg, falls or injuries
caused by poor judgenent or ataxia

1.3 VITAL SI GNS

A

1
a.

TEMPERATURE
TEMPERATURE, | NCREASED
Low grade fever may acconpany the cough of early HAPE
This has lead to the erroneous diagnosis of underlying
infection as the cause of the respiratory conpl ai nt
(Hackett, 1992; Yaron, 1994; Rabol d, 1989).
TEMPERATURE, DECREASED
Hypot herm a may occur secondary to environnmenta
exposur e
BLOOD PRESSURE
BLOOD PRESSURE, DECREASED
HAPE: BP usually low In a study of 21 patients in
Peru, the nean arterial BP was 106/ 69 mHg (Hackett,
1992; Yaron, 1994).
Acute (short-term) exposure to noderate altitude does
not seemto affect BP; 36 hours of exposure at 3000 m
produces a small reduction (5 mrHg). Significant
changes in BP (>10 nmHg) fol |l ow hypoxi c and physica
stress with internediate high altitude exposure (2 to 7
weeks) (Brinchmann-Hansen, 1989).
BLOOD PRESSURE, | NCREASED
Altitude travel may | ead to hypertension secondary to
cat echol am ne rel ease (Pal atini, 1989).
I nci dence of pregnancy-induced hypertension is increased
at altitude (More, 1982).
RESPI RATI ONS
RESPI RATI ONS, | NCREASED
May be a presenting sign of AVS (Pigman, 1992; Ergun
1994).
Increases in HAPE, rate usually 20 to 30/ m nute
(Hackett, 1992; Yaron, 1994; Rabol d, 1989).
RESPI RATI ONS, CHEYNE- STCKES
May occur on arrival to high altitude and may be
observed by witnesses, especially at night (Fletcher

1979).

May be normal in high altitude sojourners.

HEART RATE

TACHYCARDI A

CGenerally occurs in persons with HAPE. | n severe

hypoxi a, pulse rate may be as high as 160 beats/ m nute
(Hackett, 1992; Yaron, 1994; Rabol d, 1989).

Al so may be a presenting sign in AVS (Pignan, 1990;
Ergun, 1994).

Patients with underlying COPD nmay devel op further
hypoxeni a because of a lack of sensitivity of the
chenoreceptors to this hypoxem a

1.4 PRESENTATI ON BY BCODY SYSTEM
1. 4.2 DERVATOLOG C PRESENTATI ON

A
1

CYANCSI S
Central cyanosis nay be present due to hypoxem a
(Raybol d, 1989).

1. 4. 3 HEENT PRESENTATI ON
A ASYMMETRY, FACI AL

1

May occur secondary to specific nuscle weakness in
patients with HACE (Hackett, 1992; Yaron, 1994).
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B. EDEMA, FAC AL

1. Cccurs nore commonly in fenal es; usually acconpani es
nore serious forms of altitude illness (Hackett, 1992
Yaron, 1994).

2. There was a 4% inci dence of periorbital edema in 200
trekkers exam ned at 4243 neters. It occurs nore
comonly in patients with other synptons of AMS
(Hackett, 1992; Yaron, 1994).

C. SCOTOvVA

1. Paracentral scotonma may occur in 50% of patients with
retinal henorrhage (Hackett, 1992; Yaron, 1994).

D. WVISION, BLURRED

1. douding of vision nay be present in patients with
retinal henorrhage (Hackett, 1992; Yaron, 1994).

E. FUNDUSCOPI C CHANGES

1. HEMORRHAGE, RETI NAL

a. |Increased vessel engorgenent and di sc hyperem a were
found in all patients studied at altitude (MFadden
1981). Appears related to physical exertion during
hi gh altitude exposure (Brinchmann-Hansen, 1989
McFadden, 1981).

b. GQccurs in 30%to 40% of persons at altitudes >4500
neters (Hackett, 1992; Yaron, 1994) and in 50% of
climbers at altitudes over 5300 neters. Not
necessarily a sign of either inpending cerebral edema
or a need for descent (Hackett, 1992).

c. Unless over macula, usually asynptonatic and resol ve
spont aneousl y; probably related to increased retina
bl ood flow and dil atation of vessels (Hackett, 1992).

F. TINNITUS

1. Rare finding in AMB (Hackett, 1992; Yaron, 1994). also
may result from prophylactic treatnment with
acet azol am de

1. 4.4 NECK PRESENTATI ON

A. NUCHAL RA D TY

1. Rarely present even when CSF pressure is narkedly
el evated (Hackett, 1992; Yaron, 1994).

1. 4.5 RESPI RATORY PRESENTATI ON

A COUGH

1. Persistent nonproductive cough may be early
mani f estati on of HAPE;, often mi staken for an underlying
pneunoni a or bronchitis (Rabold, 1989).

2. Patients with high-altitude bronchitis may have a mld
dry cough or cough productive of copious yell ow green
sputuny occurs primarily at rest (Rabold, 1989).

B. HEMOPTYSI S
1. Late manifestati on of HAPE, necessitates aggressive
t herapy (Hackett, 1992; Yaron, 1994).
C. DYSPNEA
1. AMS: Dyspnea on exertion occurs in all visitors to high

altitude (Hackett, 1992; Yaron, 1994; Pigman, 1990;
Mont gonery, 1989; Ergun, 1994). May be present due to
margi nally | ow PO2 when conbi ned wi th other synptons
(Hackett, 1992; Yaron, 1994).

2. HAPE

a. Nocturnal dyspnea or dyspnea at rest is a sign of HAPE
and mandat es aggressi ve nanagenent (Hackett, 1992
Yaron, 1994; Rabol d, 1989).

b. A contributing factor to the "leaky capillaries" of
HAPE is increased pul nonary artery pressure, occurring
during exercise. Dyspnea at rest when pul nonary
pressures are lowis a sign of advanced di sease

D. BREATH SOUND CHANGES

1. RALES

a. Cccur in 23%of visitors to heights above 14, 000 feet
and are frequently associated with peripheral edens,
AMS, and retinal henorrhages (Hackett, 1979).

b. Once rales are heard, nore acclinmatization is
recommended before ascendi ng hi gher; these persons
shoul d be observed for synptons of HAPE (Rabol d, 1989).

c. In one series, rales were present in only 50% of
pati ents whose chest filnms showed evi dence of HAPE
even extensive |lung edema was acconpani ed by discrete
rales only. Conversely, rales in absence of
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r adi ogr aphi ¢ evi dence of HAPE were observed in >50% of
pati ents who devel oped radi ographi c evidence | ater
during stay at high altitude (Vock, 1989).

E. RETRACTI ONS, | NTERCOSTAL

1. Nonspecific sign of severe respiratory distress; my be
present in patients with HAPE as a result of increased
airway resistance due to interstitial or intra-alveol ar
fluid.

1.4. 6 CARDI OVASCULAR PRESENTATI ON

A.  PAIN, CHEST

1 Dul | pain and disconfort in the muscles of the
posterol ateral chest wall, which is at tinmes described
as a "tightness", is a common conplaint in HAPE
(Hackett, 1992; Yaron, 1994; Rabold, 1989).

2. Rarely, may be indicative of underlying coronary artery
di sease, which may be aggravated by hypoxem a at high
altitude. However, in physically fit ol der nen
strenuous exercise (eg, skiing) at high altitude does
not appear to pose a greater coronary stress than does
conparabl e exercise at low altitude (Hackett, 1992
Yaron, 1994).

B. ORTHOPNEA

1. May occur in patients with no previous history of
under |l yi ng cardi ac di sease (Hackett, 1992; Yaron, 1994).

C.  PALPI TATI ONS

1. Palpitations on effort may be noted (Hackett, 1992
Yaron, 1994; Ergun, 1994).

D. ARRHYTHM AS

1. May occur secondary to hypoxia

E. HEART SOUND CHANGES

1. HEART SOUND, TH RD

a. Unusual finding in HAPE, reflects right ventricul ar

failure due to severe pul nonary hypertension

EDEMA, PERI PHERAL

Noted in 18% of 200 trekkers at 4243 neters; nore common

when ot her signs of AMB were present. NMore comon in

wonen than in men (Hackett, 1992).

2.  Mechani sm not understood; when present signs of HAPE or
HACE shoul d be carefully sought (Hackett, 1992).

1. 4.7 GASTRO NTESTI NAL PRESENTATI ON

A, ANCREXI A

1 Characteristic in visitors to high altitudes who are
experiencing AVS (Hackett, 1979; Pignman, 1990;
Mont gonery, 1989; Ergun, 1994).

=m

B. NAUSEA

1. Nausea, with or without vomting, is a conmon
acconpani nent of AMS and seens to be nore common in
children (Hackett, 1992; Yaron, 1994; Pigman, 1990;
Ergun, 1994).

2. Common feature of HACE (Hackett, 1992; Yaron, 1994).

C. VOMTING

1. May occur in victins of AVS (Pigman, 1990; Ergun, 1994).

2. Common feature of HACE (Hackett, 1992; Yaron, 1994).

1.4.8 CEN TOURI NARY PRESENTATI ON

A POLYUR A

1. AMS: Diuresis (up to 5 L/day) has been reported during
hi gh altitude trekking; correlates negatively with
severity (Del amare, 1979).

B. QLIGURIA

1. AMS: Present in noderate to severe cases; nust be

differentiated from dehydration
1.4.9 MJUSCULCSKELETAL PRESENTATI ON

A, WEAKNESS, MJSCLE

1 Uncommonl y, specific and | ocalized notor weakness, eg
anbl yopia, difficulty with finger notions, facia
asymmetry, and dysarthria, may be associated with HACE
(Hackett, 1992; Yaron, 1994).

2. Supraspinal dysfunction producing mld alterations in
not or function may occur in AVS as result of
hypoxi a-i nduced cerebral edema (Ham|ton, 1991).

B. RIA@DTY MISCLE

1. HACE: Miscle rigidity has been reported (Hackett, 1992
Yaron, 1994).

C. FLACC D TY, MJSCLE
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1. HACE: My present with nuscle flaccidity (Hackett,
1992; Yaron, 1994).

D. TREMOR

1 HACE: Trenors have been reported (Hackett, 1992; Yaron
1994).

1.4.10 NEUROLOG C PRESENTATI ON

A.  HEADACHE

1. AMB

a. Most common synptom frequently present in the norning
occurs in nonacclimted visitors 6 to 96 hours after
arrival to altitudes over 2000 neters.

b. Throbbing, bilateral, and frontal and associated with
sensation of fullness of the head; worse in norning and
with strenuous exercise; often not relieved by aspirin
or acet am nophen (Pigman, 1991; Montgonery, 1989).

c. Mgraineurs are likely to experience a mgraine attack
upon reaching high altitude

2. HACE: Headache, especially when occipital and
associ ated with other neurol ogi c synptons, occurs and
mandat es i mredi at e descent (Hackett, 1992; Yaron, 1994).

B. | NSOW A

1. Sleep is difficult at high altitude, especially for the
first few nights. Frequent periods of wakeful ness and
strange dreans often occur (Hackett, 1992; Yaron, 1994;
Pi gman, 1990; Montgonery, 1989; Ergun, 1994).

2. Disturbances of sleep are often secondary to periodic
breathing and intermttent brain hypoxia, resulting in
increasing C2 |evels (Sutton, 1979).

C. D ZZI NESS

1 May be a synptom of AMS (Hackett, 1992; Yaron, 1994;

Pi gman, 1990; Ergun, 1994).

D. NEUROLOG C SIGNS, FOCAL

1. ATAXIA

a. HACE

(1) Common; frequently one of the nore reliable warning
signs. At first, affected persons show a slight
clunmsi ness in wal king or using hands or fingers, but
soon wal ki ng or even standing becone difficult
(Sutton, 1992; Tso, 1992).

(2) These synptons are nost likely due to the particul ar
sensitivity of the cerebellumto hypoxia; often
attributed initially to cold weather, rough terrain
or other environnental factors (Hackett, 1992; Yaron
1994).

b. AMS: (Cccasionally, patients nay have ataxic gait with
poor finger-to-nose and heel -to-shin coordination tests
(Pi gman, 1990; Ergun, 1994).

E. ALTERED MENTAL STATUS

1. OVERVIEW

a. Altered consciousness and CNS dysfunction nmay be
related to profound hypoxia in severe HAPE (Hackett,
1992; Yaron, 1994) or nay be a manifestation of HACE
(Houston, 1975; Hackett, 1992; Yaron, 1994).

2.  CONFUSI ON

a. HACE: As the condition progresses, typical changes in
nmental status include nental confusion, irritability,
enotional lability, and hallucinations. Progression to
obtundation, conma, and death may occur if descent is
not acconplished rapidly (Hackett, 1992; Yaron, 1994).

3. LETHARGY

a. Lethargy may occur in AMB, HACE, and HAPE (Hackett,
1992; Yaron, 1994).

4. COVA

a. HACE/HAPE: Mental status alterations may progress to
obtundation, coma, and death if descent is not
acconpl i shed rapidly (Hackett, 1992; Yaron, 1994).

F. SEI ZURES

1. Convul sions associated with HACE have been reported
(Hackett, 1992; Yaron, 1994).

G COGNI TI VE | MPAI RVENT

1. Persistent cognitive inpairnent, particularly involving

short-termnmenory, may occur foll owi ng exposure to
extrenely high altitudes (Cavaletti, 1990; Regard, 1991
Wi te, 1984; Hornbein, 1989).
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2. Short-termmenory inpairnent is nost sensitive indicator
of AMS; subclinical devel opnent appears to be heral ded
by decrenent in ability to retrieve new information
Subclinical hypoxia in AMS may interfere with cognition
either directly or via secondary changes (eg
subclinical cerebral edena or alterations in cerebra
bl ood flow) (Regard, 1991).

3. Persons who devel oped AMS with a 24- to 48-hour stay at
high altitude were mldly inpaired in short-term nenory
but inmproved in conceptual tasks. Persons who remained
heal thy had a better short-term nenory but no
i nprovenent in cognitive flexibility (Regard, 1991).

4. Most likely explanation for nmenory inpairnment is
sensitivity to hypoxia of anatom c structures known to
be involved in nmenory tasks, ie, those situated in the
tenmporal |obe (Cavaletti, 1990).

5. Persons with a nore vigorous ventilatory response to
hypoxi a appear to have nore residual neurobehaviora
impai rnent after returning to | ower el evations
(Hor nbei n, 1989).

H  SYNCOPE

1. May occur follow ng short-term exposure to noderate
altitude. Typically occurs in otherw se healthy persons
who have recently arrived (<24 h) at altitude, have a
neal, and stand up and faint. Recovery usually is
i medi ate, with no further synptons (N cholas, 1992).

2. Mechanismis unknown; role of hypoxia is uncertain
(Ni chol as, 1992). Does not appear to be related to poor
physi cal conditioning or |lack of fitness (N chol as,
1993).

1.4.14 PSYCH ATRI C PRESENTATI ON

A, HALLUCI NATI ONS

1. Rare manifestation of HACE (Houston, 1975).

B. EMOTI ONAL CHANGES

1. Rare manifestation of HACE (Houston, 1975).

C. CONCENTRATI ON, DECREASED

1. May be a synptom of AMS, HAPE, or HACE (Hackett, 1992
Yaron, 1994).

D. JUDGEMENT, | MPAI RED

1. HACE: Victins may becone so paranoid and irrationa

that their behavior threatens both thensel ves and
ot hers, or judgenent and dexterity nay become so
i npai red that they are unable to perform necessary
nmental and physi cal tasks (Hackett, 1992; Yaron, 1994;
Sutton, 1992; Tso, 1992).
1.4.15 M SCELLANEQUS SYMPTOVS
A, MALAI SE
1. Lassitude with a general feeling of indispositionis
characteristic of AVMS (Hackett, 1992; Yaron, 1994;
Mont gonery, 1989).
1.5 COWPLI CATI ONS
A.  ENCEPHALCOPATHY, ANOXI C
1. Only long-termbut rare conplication of either HACE or
HAPE; due to prol onged hypoxem a, (Hackett, 1992; Yaron
1994).
B. BLI NDNESS
1. Cortical blindness may occur at high altitude, probably
secondary to cerebrovascul ar spasm and i s not
necessarily associated with altitude illness (Hackett,
1987).

2. Permanent visual inpairnent due to retinal henorrhage
over the macula is a rare conplication (Hackett, 1992
Yaron, 1994).

HI GH ALTI TUDE | LLNESS, RECURRENT
HAPE: Recurrences comon; reported after rapid ascent to
>4550 min two thirds of adult residents of |ow altitude
with history of HAPE (Vock, 1989).
2.0 LABORATCORY DATA
2.2 HEMATOLOG C
A HEMATOCRI T
1. HEMATOCRIT, | NCREASED
a. Persons who live at high altitude may show a chronic
hemat ocrit el evati on secondary to erythropoietic
stimul ation due to hypoxia. This occurs over a 2- to

Q)
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3-week period in the acclimatization of sea | eve
dwel lers to high altitude
b. May be present secondary to dehydration and
henmoconcentrati on
2. HEMATOCRI T, DECREASED
a. Intravascul ar henol ysis associ ated with HAPE has been
reported (Lovlin, 1980).
B. VWH TE BLOOD CELLS
1. VWH TE BLOOD CELLS, | NCREASED
a. No distinct white cell abnormalities in HAPE, but
| eukocyt osi s when present resenbl es a pneunoni ¢ process
(Hackett, 1992; Yaron, 1994).
2. Hypothesized to be due to the resorption of blood and
protein-rich exudate fromthe alveoli (Hackett, 1992
Yaron, 1994).

C. PLATELET ADHESI ON

1. Increased platel et adhesion nay be causative in the
pat hogenesis of high altitude illness (Sharma, 1978).

D. COAGULATI ON TESTS

1. Shortened PTT, depressed fibrinogen, and depressed factor
VI11 values have all been associated with HAPE (Maher
1976) .

2. Although sonme of these findings are consistent with D C

ot her | aboratory evidence of DI C (thronbocytopenia
prol onged protime, increased FDP) is |acking
2.5 URINALYSI S

A, SPECIFIC GRAVITY, URI NE

1. SPECIFIC GRAVITY, UR NE, | NCREASED

a. Hgh urine specific gravity represents antidiuresis and
i nappropriate fluid retention, or nmay be due to
i ntravascul ar vol une depletion (Hackett, 1992) and
dehydrati on.

B. HEMATURI A

1. Mcroscopic hematuria has been reported during high
al titude trekking (Houston, 1975).

C. CATECHOLAM NES, URI NE

1. CATECHOLAM NES, URI NE, | NCREASED

a. Elevated urinary catechol am nes | evel s have been
reported in a najority of patients with synptonmatic
altitude illness and HAPE. The increase occurs
i mredi ately on arrival and peaks on day 10 (Hoon, 1976).

2.6 ARTERI AL BLOOD GASES

A HYPOXI A

1. GENERAL

a. Consistent finding in HAPE, with arterial saturations
ranging from55%to 75% (Hul tgren, 1978).

b. Hypoxem a is probably secondary to ventilation/perfusion
m smat ches, diffusion problens secondary to al veol ar
fluid accunul ati on, or shunting.

2. PATHOPHYSI OLOGY: Many theories have attenpted to explain
t he phenonenon of |eaky capillaries in HAPE, including
mar ked pul nonary hypertensi on, uneven hypoxic
vasoconstriction, increased pul nonary bl ood flow, and
pl atel et thronbi-induced damage to capillaries (Hackett,
1992; Yaron, 1994). HAPE is a high-protein perneability
edema (Schoene, 1986).

B. ALKALOSIS, RESPI RATORY

1. Typically, arterial PC2 is either normal for the
altitude or decreased secondary to profound hypoxem a and
hyperventilation (Hackett, 1992; Yaron, 1994).

3.0 RADI OLOG C DATA
3.2 PLAIN FI LM

A.  RADI OGRAPHY, CHEST

1. I NDI CATIONS: Suspected HAPE; hel pful in detecting HAPE
in patients with normal auscul ation (Vock, 1989).

2. FI NDI NGS

a. Dilation of central pulnonary arteries and patchy
alveolar infiltrates with sparing of the bases and
prom nent pulnonary arteries are characteristic of HAPE
(Hackett, 1992; Yaron, 1994; Rabold, 1989; Vock, 1989).
However, there is no single characterisitc
radi onmor phol ogi ¢ condition of HAPE;, appears to change
with tine, beginning as patchy opacities in periphery,
progressing to nore honogenous and diffusely distributed

(c)1974-1999 M cronedex, Inc. Volunen 100 Fecha de caduci dad: 30/06/99
Pg 11



Cinical Reviews: H GH ALTI TUDE | LLNESS

| esions |ater on (Vock, 1991).

b. Heart usually nornal size

c. Rarely, with congenital absence of the right pul monary
artery, left-sided alveolar infiltrates, absent right
pul nonary artery shadow, small right hemthorax, and
shift of the mediastinumto the right (Hackett, 1992
Yaron, 1994).

d. Wth appropriate therapy, the al veolar shadows clear in
a few hours, with conplete clearing in 3 to 5 days
(Hackett, 1992; Yaron, 1994).

4.0 DI AGNCSTI C Al DS

4.1 ELECTROCARDI OGRAM

A, Sinus tachycardia is the nost consistent EKG finding
right ventricular hypertrophy by voltage; right axis
devi ati on.

B. There has been one report of transient atrial flutter
associated with HAI (Hackett, 1992; Yaron, 1994).

C. EKG abnornalities usually return to normal when HAPE
resol ves, although in a study of 10 fol |l ow up EKGs, two
showed persistent evidence of right heart strain, possibly
due to pul nonary hypertensi on (Hackett, 1992; Yaron
1994).

5.0 DI FFERENTI AL DI AGNCsI S

5.2 TRAUMVA

A, TRAUMA, HEAD, BLUNT

1. HACE may mimc head trauma, but a history for trauma will
be | acking

2. Physical examin high altitude cerebral edema will revea
no signs of trauna.

3. Focal neurologic findings may be present in both
entities.

4. CT-scan and cerebral angi ography may be normal in mld
cases of HACE; however, severe cases may display cerebra
edema on CT-scan
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVIEW  BLUNT
HEAD TRAUMA)

B. CONTUSI ON, PULMONARY

1. Pul nobnary contusion and HAPE may produce simlar
synpt ons; however, history for trauma will be absent in
hi gh altitude pul nonary edena.

2. HAPE will not be associated with signs of trauna (fl ai
chest, contused chest wall, crush injury, pneunothorax).

3. Pulnmonary contusion and HAPE may be radi ographically
i ndi sti ngui shabl e
(FOR FURTHER | NFORNMATI ON, SEE CLI NI CAL REVI EW  PULMONARY
CONTUSI ON)

5.3 | NFECTI QUS

. MENINGATIS

Most fornms of neningitis preceded by a history of

respiratory tract illness.

2. Patients with HACE usually are afebrile and have a suppl e
neck.

3. Focal neurologic abnornalities and/or altered nenta
status may be present with both entities.

4. Meningitis will not inprove with oxygen and descent.

5. Lunbar puncture is the only definite way to differentiate
the two entities.
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EWS
BACTERI AL MENING TI'S, VIRAL MENI NG TI S)

B. ABSCESS, CEREBRAL

1. Abscess npbst often presents with headache, fever, and
focal neurol ogic findings.

2. Abscess will not inmprove w thout definite therapy.

3. CT-scan or brain scan should be used to differentiate

brai n abscess from HACE and/ or neningitis.

(FOR FURTHER | NFORVATI ON, SEE CLINICAL REVIEW BRAIN

ABSCESS)

PNEUMONI A

Purul ent sputumis nore conmmon and fever generally higher

with pneunoni a

2. Radi ographi ¢ appearance of HAPE may be i ndi stingui shabl e
frominfectious pneunonitis (fungal, bacterial, or vira
etiol ogi es nust always be considered). |In infectious
pneunonitis, x-rays rarely show i nprovenent follow ng

= >
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oxygen therapy and descent.
3. Transtracheal aspiration, percutaneous needl e bi opsy, or
br onchoscopy may be necessary to differentiate HAPE from
i nfecti ous pneunoni a
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW5: BACTERI A
PNEUMONI A, ATYPI CAL PNEUMONI A)
GASTRCENTERI TI S
Abdom nal cranping and voniting are rarely severe and
fever is usually absent in AVS
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW
GASTRCENTERI TI S)
5.4 | NFLAMVATORY

A CEREBRITIS, LUPUS ERYTHEMATOSUS

1 Lupus cerebritis rarely is the first manifestation of SLE
but may be clinically indistinguishable from HACE

2. Failure to inprove with oxygen and descent shoul d suggest
the possibility of another etiology. Antinuclear
anti bodi es test, erythrocyte sedinentation rate, and
ti ssue biopsy nmay be necessary.

B. POLYARTERI TI S NCDOSA

1. DESCRIPTION: Characterized by segnental inflammation and
necrosis | esions of blood vessels, especially snall to
medi um si zed arteries in major organs, with secondary
i schem a of tissue supplied by affected vessels.

Ki dneys, muscles, joints, heart, nerve, @ tract conmobn
sites; occasionally nay be cutaneous and pul nonary
i nvol venent

2. ETIQLOGY: Unknown; hypersensitivity appears to be
i nvol ved

3. EPIDEM OLOGY: Al ages affected frominfancy to ol d age
with peak incidence in 5th and 6th decades; male
pr edom nance

4. CLI NI CAL PRESENTATION: Vari abl e, depending on severity
and |l ocation of arteritis. Course nay be acute
subacute, or chronic.

a. Most common initial conplaints are fever, abdom na
pai n, synptons of peripheral neuropathy (often
nmononeuritis multiplex), weakness, weight |oss.

b. Qher findings may include hypertension, edena, and
oliguria and urenia (renal involvenent); G henorrhage
precordi al pain; headache, seizures, organic psychosis
(CNS invol verrent); mnuscle and joint pain; dernmal
| esions, including pal pabl e subcut aneous nodul es al ong
course of affected artery; cotton-wool spots occur with
occl usion of retinal vessels.

5. LABORATORY FINDINGS: Most frequently | eukocytosis (WBC
20,000 to 40,000/ mcroL), proteinuria, hematuria; also
anem a due to blood loss or renal failure, elevated ESR
t hr onbocyt osi s

6. DIAGNCSIS: Confirnmed by biopsy of typical |esions or
angi ogr aphi ¢ di splay of typical aneurysns of medi umsized
vessels. Differentiated fromother causes of necrotizing
vascul itis by absence of extravascul ar granul onas,
sparing of pulnonary arteries, failure of venous
i nvol venent except by contiguous spread, and predilection
for nediumsized arteries

5.5 METABOLI C

A.  KETQACI DCSI'S, DI ABETIC

1 HACE may need to be differentiated fromdiabetic
ket oaci dosi s.

2. Laboratory determ nations, especially of blood glucose
| evel and the presence or absence ketones, wll be
di agnostic. The blood pH is alkaline in HACE

3. Metabolic causes of encephal opathy rarely inprove with

oxygen and descent al one

(FOR FURTHER | NFORVATI ON, SEE CLINICAL REVIEW DI ABETIC

KETQACI DCsI S)

RENAL FAI LURE, CHRONI C

HACE may need to be differentiated fromurema

Laboratory determ nations will be diagnostic, especially

creatinine clearance and BUN | evel

3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one

C. ENCEPHALOPATHY, HEPATIC

)

N
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1. DEFINITION. Reversible neuropsychiatric syndrone
occurring in patients with liver disease. One of nost
characteristic features of liver failure; nay be acute or
chronic. Also known as hepatic coma or portal -systemc
encephal opat hy.

2. ETIOLOGY: Biochem cal abnormalities associated with
hepat ocel lul ar deficit or hepatic bypass or portal vein
bl ood into the systemc circulation

3. PRECI PI TATI NG FACTORS

a. Severe liver damage from any cause or acute
deconpensation of a chronic liver disease (usually
cirrhosis) that is associated with portal -system c
shunting of intestinal venous bl ood and the pressure of
an excessive systemc | oad of ammoni a and nercapt ans.

b. Common precipitants include

(1) Anesthesialsurgery

(2) Azotem a

(3) Constipation

(4) Deterioration in hepatic function
(5) Drugs

(a) Sedative, hypnotics, narcotics
(b) Potentially hepatotoxic agents
(c) Diuretics

(d) Amoni um or am no conpounds

(6) G henorrhage

(7) Hypokal em a

(8) Hypoxia

(9) Increased dietary protein

(10) Infection (system c or hepatic)
(11) Paracentesis (with attendant hypovol em a)

4., CLI NI CAL PRESENTATI ON:

a. Diagnosis based on presence of conpati bl e neurol ogic
signs and synptons in a patient with advanced |iver
di sease and exclusion of other possible causes of
neurol ogi ¢ abnornalities. Signs and synptons may be
subtle, consisting initially of a personality change
mld confusional state, or lethargy. |n advanced cases,
al nost any form of neurologic abnornality nmay be
present, including seizures, lateralizing signs, and
abnor mal posturing.

b. D agnosis should be suspected in any patient with |iver
di sease who presents with changes in behavior
nentation, or neuronuscul ar status, including

(1) BEHAVI OR CHANGES: Restlessness or ainless wandering
euphoria or garrulousness, irritability, agitation or
apat hy, sullenness or paranoi a, inappropriate behavior
and decreased inhibitions, confusion foll owed by
di sorientation, lethargy | eading to somol ence or
st upor.

(2) NEUROLOCG C ABNORMALI TIES: | pai red handwri ting,

i ncoordi nation, asterixis, deliberate novenents,

pi cki ng, yawni ng or blinking, abnornal muscle tone
resistance to passive novenents and nuscle rigidity,
hyperactive refl exes, abnormal toe signs. Asynmetric
neurol ogi ¢ findings are unusual, and brain stem

refl exes typically are preserved

c. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one

5. DI AGNCSTI C STUDI ES:

a. Routine laboratory studies (eg, electrolytes, chem ca
survey, liver function tests) are helpful primarily in
excl udi ng other causes of netabolic encephal opat hy and
eval uati ng presence and severity of |iver disease

b. Toxicol ogi c screening may be appropriate when ingestion
of sedatives or toxins capable of altering neurol ogic
function is suspected

c. Blood amoni a and CSF gl ucose | evel s usually are of
limted val ue

d. EEG changes are sensitive indicators of hepatic
encephal opathy (present in nost patients with
subclini cal disease) but are not specific for this
di sorder.

D. REYE S SYNDROME

1. Reye's syndrone should be considered in the differentia
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di agnosis in children, especially in the presence of a
viral prodrone.

2. Laboratory determnations, eg, liver function tests and
serum anmoni a level, will be diagnostic
3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one
(FOR FURTHER | NFORNMATI ON, SEE CLI NI CAL REVIEW REYE' S
SYNDROVE)
E. HYPERNATREM A
1. Certain electrolyte abnornalities, eg, hypernatrem a, nay
present with ataxia and/or focal neurologic deficits, but
headache is rarely present.
2. Laboratory determnations will be diagnostic
3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one
(FOR FURTHER | NFORMATI ON, SEE CLI NI CAL REVI EW
HYPERNATREM A)
G HYPONATREM A
1. Hyponatremia may present with ataxia and/or foca
neurol ogic deficits, but headache is rarely present.
2. Laboratory determinations will be diagnostic
3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one
(FOR FURTHER | NFORMATI ON, SEE CLI NI CAL REVI EW
HYPONATREM A)
G HYPERCALCEM A
1. Hypercalcenia may present with ataxia and/or foca
neurol ogic deficits, but headache is rarely present.
2. Laboratory determinations will be diagnostic
3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one
(FOR FURTHER | NFORNMATI ON, SEE CLI NI CAL REVI EW
HYPERCALCEM A)
5.6 VASCULAR
A, HEMORRHAGE, SUBARACHNO D
1 Subar achnoi d henorrhage (SAH) and HACE nay both present
with severe headache and altered nental status.
2. CSFin SAH is generally bloody but is clear in HACE
3. CT-scan with such findings as blood in the ventricles
wi Il be diagnostic in SAH (this may not be apparent
initially). Findings in HACE include generalized
cerebral edenm and decreased ventricul ar size
(FOR FURTHER | NFORMATI ON, SEE CLI NI CAL REVI EW
SUBARACHNO D HEMORRHAGE)
B. CEREBROVASCULAR ACCI DENT
1. Focal neurologic deficits may be present in both CVA and
HACE, but headache is rare in CVA
C. HEADACHE, M GRAI NE
1. Visual scotomata of migraine nmay mimc those caused by
retinal henorrhage of high altitude
2. Magraine headache can usually be differentiated from HACE
by history.
3. Headache of migraine and HACE nay both inprove with
oxygen.
(FOR FURTHER | NFORNMATI ON, SEE CLI NI CAL REVIEW M GRAI NE
HEADACHE)
D. ANEURYSM | NTRACRANI AL
1. Wien | arge enough, cerebral aneurysm may cause severe
headache
2. Angi ography or CT-scan nay be necessary to differentiate
high altitude cerebral edema fromcerebral aneurysmif
synmptons fail to inmprove with oxygen and descent.
E. EMBOLI SM PULMONARY
1. HAPE may nimc or be associated with PE. Differentiated
by history (calf pain, sudden onset of chest pain and
dyspnea) and physical exam (cal f tenderness, edenm, or
cords and absence of prom nent rales).
2. If PEis suspected, the patient should not be allowed to

ambul ate. Modest inprovenment on adequate descent is nore
i ndicative of PE, in HAPE, victins should have
substantial inprovenent with oxygen and descent as edena
resol ves (Rabol d, 1989).

(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW  PULMONARY
EMBOLI SM
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5.7 NECPLASTIC

A.  NECPLASM CEREBRAL

1. TYPES

a. PRIMARY: Include gliomas (50%, neningiomas, pituitary
adenonas, and neurof i bronas.

b. METASTATIC. Most common source is carcinoma of the
lung; other primary sites are breast, kidney, and G
tract.

2. CLI NI CAL PRESENTATI ON: Characterized by generalized or
focal disturbances of cerebral function, or both, and
signs and synptons of increased | CP

a. CGENERALI ZED.

(1) May include personality changes, intellectual decline
enotional lability, seizures, headache, nausea
mal ai se, slowy progressi ve weakness on one side
vi sual changes, aphasia, vomting, mental changes.
Papi | | edemma occurs in 25% of patients and may not be
early sign; vital signs are nornmal.

(2) Increased | CP may cause herniation, npbst commonly
tentorial, characterized by ipsilateral pupillary
dilatation, followed by stupor, conmm, decerebrate
posturing, and respiratory arrest.

b. FOCAL: Due to localized destruction or conpression of
nerve tissue or to altered endocrine function; depend on
tunor | ocation

3. DIAGNCSIS:  Neuroradiol ogi c evidence of space-occupyi ng
lesion. CT or MRI may detect |esion and al so may define
its location, shape, and size; extent to which nornal
anatony is distorted; and degree of any associ ated

cerebral edema or mass effect.
5.8 TOXICOLOG C

A.  EDEMA, PULMONARY, NONCARDI OGENI C

1 Noncar di ac pul nonary ederma due to drugs or toxins may be
i ndi sti ngui shabl e from HAPE

2. Followi ng drugs or toxins cause pul nonary edema: heroin
or met hadone, Darvon(R), Placidyl (R, LibriumR)),

t hi azi des, paraquat, Denerol (R), salicylates, snoke
i nhal ation, fat enbolism inhaled toxin, industria
exposure, or aspiration of gastric contents.

3. Drug levels may be necessary to docunent acute drug
i ngesti on.

4. Both drug-induced pul nonary edema and HAPE nmay respond to
hi gh fl ow oxygen
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW
NONCARDI AC PULMONARY EDEMA)

B. DRUG ABUSE

1. Conma secondary to HACE nust be differentiated fromcoma
due to drug ingestion

2. Preceding history of the state of health inmediately
prior to | oss of consciousness may be hel pful

3. Physical examination may reveal signs of acute drug
toxicity, eg, pinpoint pupils, respiratory depression
dilated pupils, and fl ushing

4. Drug levels, ABGs, and toxicol ogy screens should be
obt ai ned when indicated by clinical history or physica
findi ngs.

5.9 PHYSI CAL AGENTS

A, PO SONING TOXI C | NHALATI ON

1 ETI OLOGY: Produced by conbustion of household or
i ndustrial products in accidental fires (eg, CQO
phosgene) or as byproducts of work activity (eg
wel ding). Exposure to toxic gases (eg, arsine, chlorine)
may occur during an accidental |eak or spill

2. CLASSI FI CATI ON:

a. SIMPLE ASPHYXI ANTS

(1) TOXINS/ SOURCE: Methane and propane (cooki ng gas)
inert gases (argon, nitrogen; industry, esp welding);
C®2 (all fires).

(2) CLIN CAL EFFECTS

(a) Cause toxicity by |lowering anbient 2 concentrati on.
(b) Synptons of hypoxemia, without airway irritation

b. CHEM CAL ASPHYXI ANTS & SYSTEM C PO SONI NG

(1) TOXINS/ SOURCE: C®2 (fires); hydrocyanic acid
(industry; burning plastics, furniture, fabrics);
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hydrogen (liquid manure pits, decaying organic
materi al s).

(2) CLIN CAL EFFECTS: These substances possess intrinsic
systemc toxicity that is nmanifested after absorption
into the circulation

(a) CO Fornms carboxyhenogl obin; inhibits 2 transport
Headache earliest synptom

(b) HYDROCYANIC ACID: Highly toxic cellular asphyxiant.

(c) HYDROGEN SULFIDE: Highly toxic cellular asphyxiant
simlar to cyani de; causes sudden collapse; ability to
smel |l characteristic rotten eggs odor is rapidly
fatigued

c. | RRITANTS & CORRCSI VES

(1) TOXI NS/ SOURCE

(a) H GHLY WATER- SOLUBLE: Chl ori ne gas, hydrochloric
aci d; ammoni a (i ndustry; sw nm ng pool chem cals;
bl each m xed with acid at hone.

(b) POORLY WATER- SOLUBLE: Nitrogen dioxi de (burning
cellulose; fabrics; grain silos (acrid red gas));
ozone (inert gas arc welding industry); phosgene
(burning of chlorinated organic material).

(c) ALLERGENI C. Tol uene di socyanate (nfg of
pol yur et hanes) .

(2) CLINICAL EFFECTS: Cause cellular destruction and
i nfl ammati on when they cone into contact with the
tracheobronchial tree, usually by produci ng acids or
al kali upon contact with noisture

(a) H GHLY WATER SOLUBLE: Cause imediate irritation
mai nly of upper airway and conjunctiva. Early onset
of lacrimation, sore throat, stridor
tracheobronchitis; with heavy exposure, may progress
to pul monary edena in 2 to 6 h

(b) POORLY WATER SOLUBLE: May be nore deeply inhal ed
produci ng del ayed onset (12 to 24 h) of |ower airway
destruction with chenical pneunonitis and pul nonary
edema; |late chronic bronchitis. Has sweet "electric"
smel |

(c) ALLERGENI C. Reactive bronchoconstriction; nmay have
long-termeffects (COPD) in susceptible persons.

d. METAL FUMES:

(1) TOXIN SOURCE: Zinc, copper, tin, Teflon (welding, esp
gal vani zed netal wel ding); arsine (burning
arseni c-containing ores; electronics industry);
nercury, |ead (industry; welding).

(2) CLIN CAL EFFECTS

(a) ZINC, COPPER, TIN, TEFLON: "Metal fume fever"
(chills, fever, nyal gia, headache, nonproductive
cough, |eukocytosis (4-8 h postexposure); self-linmted
course (12 to 24 h).

(b) ARSINE: H ghly toxic; hemolysis, pul nonary edems,
renal failure, chronic toxicity.

3. DIAGNCSIS: Usually is history of exposure

a. dinical presentation varies depending on toxin. |In an
accidental fire, conbinations of all classes of toxic
i nhal ants may be causing synptons (eg, burning in
eyes/ nouth, sore throat, brassy cough, dyspnea
headache) .

b. Physical findings may include singed nasal hairs,
car bonaceous deposits on nose/face, upper airway
swel | i ng/ obstruction, wheezing/signs of pul nonary edens,
mani f estati ons of systemic toxicity.

c. Diagnostic tests include ABGs, COHB | evel, chest x-ray.

4. DI FFERENTI ATI ON:

a. Patients nmay devel op headache at high altitudes as a
result of toxic inhalations or exposure to a variety of
physi cal agents.

b. The followi ng should be differentiated from AMS and/ or
HACE: inhal ation of carbon nonoxide, natural gas, or
hydr ocarbons (especially cyclic conpounds); high
intensity sun exposure; or alcohol consunption (ie
"hangover").

B. HYPOTHERM A
1. HACE may need to be differentiated from hypot herm a
al t hough both may be present due to cold exposure at high
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al titude.
2. Body tenperature will be diagnostic.
3. Metabolic causes of encephal opathy rarely inprove with
oxygen and descent al one.
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW
HYPOTHERM A)
5.10 M SCELLANEQUS
RESPI RATORY DI STRESS SYNDROME, ADULT
The follow ng disorders may present with ARDS, a clinical
pi cture resenbling HAPE: pancreatitis, near-drowning,
urem a, shock | ung, neurogenic pul nonary edens,
i nfection-associ ated ARDS, ketoaci dosis, pul nonary
enbol i sm and | eukoaggl uti nin hypersensitivity.
2. Historical data or appropriate |aboratory analysis wll
aid in the diagnosis.
(FOR FURTHER | NFORVATI ON, SEE CLI NI CAL REVI EW
NONCARDI AC PULMONARY EDEMA)
6.0 TREATMENT
6.1 TREATMENT SUMVARY
A, GENERAL:
1. ALL MAN FESTATI ONS: Descent, rest, oxygen.
2. SERI QUS COWPLI CATI ONS: Mechani cal ventilation, Swan-Ganz
noni toring, decrease intracranial pressure.
3. PREVENTI ON: Acetazol am de, acclinatization.
B. ACUTE MOUNTAI N SI CKNESS:
1. DESCENT: 3000 to 4000 feet (1000 to 1500 neters) usually

= >

adequat e.
2. OXYGEN For nore severe synptons; useful for all forns
of altitude illness, including AVS (but often not

available); give 2 to 3 L/mn.

3. ACETAZOLAM DE: 250 ng PO @BH (children: 5 ng/kg/day PO
in 3 divided doses) for 48 hours.

4. DEXAMETHASONE: 4 ng POor IMQ@H in patients with
neurol ogi ¢ deterioration (eg, ataxia, change in |evel of
consci ousness) or severe headache and/or vomting.

5. ASPIRIN OR ACETAM NOPHEN: 325 to 650 ng (children: 10
to 15 ng/ kg) PO 4-6H for headache.

6. PROCHLORPERAZINE: 10 ng | Mor PO @-8H (children >2
years: 0.4 ng/kg/day PO or 0.2 ng/kg/day IMin 3 to 4
di vi ded doses) for nausea and vomiting.

C. H GH ALTI TUDE PULMONARY EDENA:

1. BED REST/WARMIH: To decrease pul nonary artery pressure;
avoi d exertion.

2. OXYGEN If available, give 6 to 12 L/ min by nasal
cannula or face mask (1 to 2 L if Q2 is a problem.

3. DESCENT: As rapidly as possible but preferably with
little exertion by the victim 1000 to 3000 feet may be
adequat e.

4. A RWAY MANAGEMENT: CPAP by tight-fitting mask in awake
patients; intubation, nechanical ventilation, and PEEP
for severe cases.

5. FURCSEM DE: 20 to 40 ng (children: 1 to 2 ng/kg) |V nay
be needed if intravascular volune is increased (rarely
necessary); nust be given under nedical supervision.

6. N FED PI NE (Emergency treatnment when descent or
evacuation is inpossible and suppl enental oxygen is not
available): 10 ng SL plus 20 nmg PO of sl owrel ease
nifedipine. |If systolic BP does not decrease >/=10 nmHg
within 10 mn, repeat SL dose after 15 min, then give 20
ng of slowrelease nifedipine QGH for entire tine at
al titude.

7. MORPHNE 2to 10 mg IV if no cerebral involvenent

(children: 0.1 to 0.2 ng/kg/dose IV); rarely necessary.

H GH ALTI TUDE CEREBRAL EDENA:

DESCENT.

OXYGEN. 2 to 4 L via nasal cannul a.

Al RWAY MANAGEMENT: | ntubation and hyperventilation for

patients in coma (nechanical ventilation for long-term

managenent) .

4, FURCSEMDE: 20 to 40 ng IV (children: 1 to 2 ng/kg/dose
V).

5. DEXAMETHASONE: 10 ng IV initially, then 4 nmg Q6H
(children: 0.25 to 0.5 ng/kg/dose IV QB6H).

6. FOLEY CATHETER  For bl adder drainage if comatose.

wrop Y
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E. PROPHYLAX S

1. ACCLI MATI ZATI ON:  Graded exercise and sl ow ascent (300
nm day over 3000 m) avoid abrupt ascent fromsea level to
sl eeping altitude over 10,000 ft; stay at internediate
altitude for one night.

2. ACETAZOLAM DE: 250 ng PO BID, or one sustained-action
500-ng capsul e PO @4H (children: 5 ng/kg/day POin 2
di vi ded doses) begi nning 3 days before ascent and
continuing for 2 to 3 days at altitude

6. 2 NON- PHARMACOLOG C TREATMENT

A, DESCENT

1 Moving the patient to a lower altitude is the first and
single nost therapeutic neasure for all forms of altitude
illness and shoul d begin imrediately in severe cases.
Dramatic i mprovenent can occur with only a 300-neter
descent (Yaron, 1994; Pigman, 1991; Hackett, 1992; Ergun
1994).

2. MECHANI SM Because the patient is on the steep portion
of the oxygen-dissociation curve when at altitude, it is
felt that descent will inprove oxygen partial pressures
and relieve sone underlying hypoxi a.

B. Al RWAY MANAGEMENT

1. VENTI LATI ON, POCSI Tl VE PRESSURE, NONI NVASI VE
a. CONTI NUOQUS PCsI Tl VE Al RMY PRESSURE

(1) INDI CATIONS: |Inproves gas exchange in HAPE.  For
patients requiring increased oxygenation in early
respiratory distress and who:

(a) Are alert, cooperative, and breathing spontaneously.
(b) Have |l ow or normal PCQ2 | evel s.
(c) Are in no danger of enesis

(2) MECHANI SM  CPAP applies the principles of PEEP in
noni ntubated patients w th spontaneous respirations
(Gegory, 1971). It utilizes low levels of
end-expiratory pressure (5-15 cnH0 and a
tight-fitting face mask to adm ni ster oxygen (Covelli
1982, 1984; Zanost, 1981; WIson, 1974).

(3) ADVANTAGES: Elimnates the need for intubation, has no
associ ated decrease in cardiovascul ar henodynam cs, and
does not further increase the work of breathing

(4) DI SADVANTAGES

(a) Requires an alert, cooperative,
spont aneousl y-breathing patient. It nmay cause rising
level s of PCO2 since it has no effect on ventilation
May cause skin irritation and anxi ety because of the

seal of the nask on the face. |If emesis occurs
aspiration may result
(b) A small, prospective, randomi zed, controlled tria

involving 27 ED patients with acute respiratory
failure found use of noninvasive positive pressure
ventilation (NPPV) del ayed tracheal intubation and
mechani cal ventilation. A nonsignificant increase
noted in inhospital nortality and mnul tiorgan
derangenent in patients initially treated with NPPV
(Wod, 1998).

(c) Further studies needed to define role of NPPV in the
treatnent of acute respiratory failure in ED (Wod

1998).
2.  EXPI RATORY PCSI Tl VE Al RWAY PRESSURE
a. Inthe field, EPAP has been used to increase henogl obin
saturation and decrease respiratory rate without
suppl ement al oxygen. Mask is light, small, and does not

requi re suppl enental oxygen to work, although it does
have an oxygen port (Larson, 1985; Schoene, 1985).

b. Inproves arterial 2 saturation by 10%to 20%in
subjects with HAPE in trials of 10 m nutes' duration
however, clinical studies of long-termeffects are
needed before EPAP can be reconmended as initia
energency treatnment of HAPE (Bartsch, 1992).

3. I NTUBATI ON, ENDOTRACHEAL

a. CENERAL: The decision to intubate is extrenely conpl ex
and is based mainly on patient's course. The nethod
chosen should be the one that will permt the nost rapid
attai nnent of the best possible airway while mnimzing
the potential for adverse events.
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b. | NDI CATI ONS

(1) Failure to maintain an adequate airway.

(2) Failure to protect airway agai nst aspiration.

(3) Failure of oxygenation

(4) Failure of ventilation

(5) Acondition is present (elevated intracrania
pressure), or a therapy is required (pul nonary
toileting) that nandates intubation

c. PREREQUI SITES TO | NTUBATI ON:  Energent airway
managenent, if necessary, should not be del ayed for any
reason. However, procurenment of the following is highly
desirabl e

(1) 1V access.

(2) ECG nonitoring.

(3) Pul se oxinetry.

(4) Renoval of foreign bodies, food, or teeth in nouth or
post eri or pharynx.

(5) Preoxygenation with 100% oxygen

d. RECOMVENDED APPROACH

(1) PREPARATI ON:

(a) Prepare patient with explanations and ensure that
patient is well oxygenated

(b) Assenble all necessary equi pnent.

(2) SEDATI ON:

(a) Mdazolam1l to 2 ng IV

(b) Fentanyl 50 to 100 ntg |V may be given concurrently
with m dazolamif analgesia is desired

(3) Al RMAY ANESTHESI A:

(a) If tine is not an issue, can use a standard
respiratory nebulizer with a solution of 4%l i docai ne
(4 cc) and 1/ 2% phenyl ephrine (1 cc). Airway
anesthesia will be achieved in about 5 to 10 m nutes.

(b) Standard nethod is to spray the nouth, tongue
oropharynx, and then the larynx with |idocai ne spray
using a laryngeal spray device

(4) Performthe | aryngoscopy and insert the ETT.

(5) Qntain chest radiograph

e. ADULT TUBE SIZE: The ETT should have a hi gh vol une/ | ow
pressure cuff. The |argest tube size possible always
shoul d be used, especially in patients with chronic |ung
di sease. ETT sizes are typically 7.0 to 8.0 interna
diameter for females and 8.0 to 8.5 for nales.

f. PED ATRIC TUBE SIZE: Several nethods and fornul as have
been devised for estimating tube size. A visua
estimation can be made by choosing an ETT with an
out si de di aneter approxi mating the dianmeter of the
child s little finger. For children >1 year, the
following formula may be used: internal diameter = (16
+ patient's age in years) divided by 4.

NASOTRACHEAL TUBE:

(1) Al t hough easier to secure, nore confortable, and |ess
traumati zing to the vocal cords, NT intubation has
hi gher failure and conplication rates and requires
smal | er tube sizes.

(2) May still be preferable in certain settings:

(a) Wen paral ysis poses an excessive relative risk (ie
when intubation is not energent or when ora
i ntubation after paralysis may be difficult).

(b) When patient is sitting upright.

(c) Wen spontaneous breathing is desired or seria
physi cal exam nations are antici pated

(d) Wien the NT route is preferred long-termfor patient
confort.

(3) The cuff should be inflated to a pressure |ess than 25
mHg and should allow a small air |eak during peak
inspiration

h. TUBE PLACEMENT: After intubation, it is nmandatory to
check for equal breath sounds over the |ateral chest,
especially on the left. Tube placenent nust be
confirned via chest x-ray; the tip should be 1 to 2 cm
above the carina

4, | NTUBATI ON, RAPI D SEQUENCE

a. DEFINNTION. Definitive airway nanagenent technique in
whi ch a potent sedative or induction agent is

(c)1974-1999 M cronedex, Inc. Volunen 100 Fecha de caduci dad: 30/06/99
Pg 20



Cinical Reviews: H GH ALTI TUDE | LLNESS

adm nistered virtually simultaneously with a paral yzing
dose of a neuronuscul ar bl ocking agent to facilitate
rapid tracheal intubation

b. CAUTION. Physicians performng RSI nust possess
trai ning, know edge, and experience in the techni ques
and pharmacol ogi ¢ agents used to perform RS
(FOR DETAI LED REVIEW SEE CLI NI CAL REVIEW RAPI D
SEQUENCE | NTUBATI ON)

5. VENTI LATI ON, MECHANI CAL

a. |INITIAL ADULT SETTI NGS

(1) RESPI RATORY RATE: 8 to 20 breaths/m nute (Cakes
1994).

(a) Manipulate with tidal volume to achieve desired mnute
vol une (PaC2).

(b) Slower rates allow for larger tidal volunmes and result
in inmproved conpliances.

(2) TIDAL VOLUVE (Vt): 10 to 15 cc/kg (Cakes, 1994)

(a) Large Vts inprove ventilation/perfusion and gas
exchange, and prevent atelectasis; nay decrease venous
return.

(3) FRACTION OF I NSPI RED OXYGEN (Fi@): 100%initially;
reduce in 5% to 10%increnments, maintaining Pal2 of 60
to 100 .

(4) PEAK | NSPI RATORY PRESSURE: <35 cntHR0

b. OBSTRUCTI VE Al RWAY DI SEASE

(1) RESPI RATORY RATE: 8 to 20 breaths/m nute (Cakes
1994).

(a) Manipulate with tidal volume to achieve desired mnute
vol une (PaC2).

(b) Slower rates allow for larger tidal volunmes and result
in inmproved conpliances.

(2) TIDAL VOLUVE (Vt): 10 to 15 cc/kg (Cakes, 1994)
(a) Large Vts may decrease venous return; snaller volunes
with PEEP may be utilized

(3) FRACTION OF I NSPI RED OXYGEN (Fi @): 100%initially;
reduce in 5% to 10%increnments, naintaining Pal2 of 50
to 60 .

(4) PEAK | NSPI RATORY PRESSURE: <35 cntH0O

c. |INITIAL PED ATRI C SETTI NGS

(1) RESPI RATORY RATE: 12 to 25 breaths/mnute (infants
20 to 40 breaths/mnute) (Cakes, 1996).
(a) If intermttent nandatory node or assist node is used
set rate just below patient's spontaneous rate

(2) TIDAL VOLUVE (Vt): 10 to 15 cc/kg (infants: 7 to 10
cc/ kg) (Cakes, 1996).

(3) FRACTION OF I NSPI RED OXYGEN (Fi @2): 100% (i nfants:
Keep oxygen saturation >90% (CQCakes, 1996).

(4) PEAK | NSPI RATORY PRESSURE: 25 to 35 cnHO (infants
15 to 30 cnH20) (Cakes, 1996).

d. OVERVI EW

(1) | NDI CATI ONS

(a) VENTI LATORY FAI LURE: PaC2 >55mmHg (or acute increase
frompatient's baseline); pH <7.25; deadspace ratio
(VD Vt9% >60% (Cakes, 1994).

(b) OXYGENATION: Pa®2 <50 mmHg on roomair; <70 mHg on
40% 2; <200 nmHg on 100% 2 (Cakes, 1994).

(c) PaC2 CONTROL: Hyperventilation therapy for head
trauma and abnormal ventilatory drive (Cakes, 1994).

(d) CH LDREN. May nodify the foll ow ng based on
pat hophysi ol ogy of disease state (initiate early in
atelectatic states; avoid as long as possible in
obstructive states) (Cakes, 1996):

Ongoi ng CPR
Signi ficant episodes of apnea
Pa2 <60 mMHg on 80% Fi @2 and CPAP 6 to 8 cnH20 OR
Pa2 <60 mHg on 40% Fi @2 if wei ght <1250 grans
PaC®2 >55 to 64 mmHg with pH <7.1 if body wei ght
<1500 grams
Cardi ovascul ar col | apse
Pati ent unresponsive to external stinuli

(2) GOALS

(a) Physiologic objectives are to i nprove oxygenation or
ventilation while decreasing the work of breathing
prevent further lung injury through successfu
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mani pul ati on of pressure-volune relations in attenpt
to prevent and reverse atelectasis; pronote |ung and
airway healing while avoiding ventil ator-induced
conplications (Tobin, 1994).

(b) I'n specific settings, additional goals are to permt
sedation or neuromnuscul ar bl ockade; decrease system c
or myocardi al oxygen consunption; reduce intracrania
pressure; stabilize the chest wall (Slutsky, 1993).

e. PHASE VARI ABLES

(1) CGENERAL: A phase variable is a physical quality
(pressure, volune, flow, or tinme) that is adjusted
measured, or used to manipulate (start trigger, sustain
limt, and end cycle) a phase of the ventilatory cycle
(Cakes, 1994).

(2) TRI GGER VARI ABLE

(a) Most commonly tine and pressure; volunme and fl ow
changes caused by inspiratory effort of patient are
used | ess commonl y.

(b) Patient effort required to trigger inspirationis
dependent on the ventilator's sensitivity, which is
adj usted by changing the preset value of the trigger
vari abl e.

(3) CYCLE VARI ABLE

(a) VOLUVE CYCLED: Mdst commonly used ventilator; once a
preset volume of gas is delivered (regardl ess of
pressure required to deliver it), ventilator stops
inspiration and all ows passive expiration

(b) PRESSURE CYCLED: Used nmainly for short-termuse; once
a preset pressure is reached, ventilator stops
inspiration and all ows passive expiration

(c) FLONCYCLED: Inspiration ends because a preset flow
is attained

(d) TIME CYCLED: Inspiration ends because a preset tine
i nterval has el apsed

(4) LIMT VAR ABLE

(a) PRESSURE LIM TED: Peak pressure reaches a preset
val ue before inspiration ends.

(b) VOLUME LIMTED: Peak volune reaches a preset val ue
bef ore inspiration ends.

(c) FLOWLIMTED: Peak flow reaches a preset val ue before
i nspiration ends.

f. VENTI LATOR SETTI NGS

(1) TIDAL VOLUMVE (Vt): Volune of gas delivered by the
ventil ator.

(a) VOLUME- TARGETED VENTI LATOR:  Vari abl es consi dered when
sel ecting Vt include lung/thorax conpliance, system
resi stance, conpressible volune | oss, oxygenation
ventilation, and barotrauma (Kacmarek, 1987). A rway
pressures nust be nonitored regularly to prevent
bar ot r auma.

(b) PRESSURE- TARGETED VENTI LATOR: Vt delivered depends on
target pressure sel ected, systeminpedance, and the
spont aneous ventilatory pattern of the patient.

Di sadvantage is that Vt varies with airway resistance
and | ung conpliance, which may result in inadequate
al veol ar ventil ation

(2) RESPI RATORY RATE: Mode of ventilation, Vt delivered
dead space to tidal volune ratio, netabolic rate
desired PaC®2 | evel, and rate of spontaneous
ventilation determ ne the ventilator rate setting
(Kacnar ek, 1987).

(3) PEAK I NSPI RATORY FLOW The single nost common vari abl e
set inappropriately. Fast flowates may increase
airway pressures; slow flowates may prol ong
inspiratory and expiratory tinmes. Flow delivery mnust
be set to exceed patient's spontaneous denand;
preferred range is 40 to 100 L/ m

(a) VOLUME- TARGETED VENTI LATOR.  Level of spontaneous
inspiratory effort is the primary factor in selection
of peak inspiratory flowrate; patient effort, work of
br eat hi ng, and synchrony of patient and ventil ator
depends on selection of peak inspiratory flow (Marini
1986) .

(b) PRESSURE- TARGETED VENTI LATOR: Interaction of the set
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pressure, respiratory resistance, and patient effort
determ nes peak inspiratory flow.

(4) I NSPI RATORY TIME/ |: E RATIO Determnation of
inspiratory tine (Ti) and I:E ratio is generally based
on henodynami c response to ventil ation, oxygenation
status, and | evel of spontaneous breat hing.

(a) SPONTANEQUSLY BREATHI NG PATIENTS: Normally require a
Ti between 0.8 and 1.2 seconds and an |:E of about 1:2
to 1:1.5 to ensure synchrony between gas delivery and
patient inspiratory effort (Kacrmarek, 1992).

(b) CONTROLLED VENTILATION. Ti and |:E ratios may be
extended in effort to increase nean airway pressure
and i nprove oxygenation. Factors that may limt
i ncreases include patient disconfort, need for
sedation, devel opment of auto-PEEP, and henbdynam c
instability (Marini, 1992).

(5) SENSITIMITY: Determines patient effort required to
trigger the ventilator; preferred range is -0.5to 1.5
cmH2O.  Triggering on flowis nore sensitive than
triggering on pressure and decreases the work of
br eat hi ng

(6) FRACTION OF | NSPI RED OXYGEN (Fi @2): Desired Pa(2,
| evel of PEEP, nmean airway pressure, and henodynam c
status of patient determ ne setting. Fi Q2 should be
set at the |owest acceptable |evel, although the
possi bility of oxygen-induced lung injury nmust be
bal anced with the potentially adverse effects of airway
and al veol ar pressures on lung tissue

(7) PEEP: Optimal |evel depends on desired physiologic
response and specific clinical setting

g. STANDARD VENTI LATOR MCDES

(1) OVERVI EW

(a) Mode is determined by patient's condition and
ventilatory needs. Basic nobdes include continuous
mandat ory ventilation (control), assist-contro
ventilation (ACV), (synchronous) intermttent
mandatory ventilation (SIMW or | W), and pressure
support ventilation (PSV).

(b) Adjuncts to nechanical ventilation include use of
positive end-expiratory pressure (PEEP) and conti nuous
positive airway pressure (CPAP), which help to prevent
al veol ar col | apse

(c) Acute respiratory failure with asthnma and chronic
obstructive pul nonary di sease (COPD) is associ at ed
with significant expiratory obstruction and
hyperinflation. Both groups of patients benefit from
ventilatory nodes that maximze expiratory tine,

t her eby reduci ng end-expiratory volune, extrinsic
PEEP, and potential for henobdynani c conprom se
(Sl utsky, 1993).

h.  VENTI LATI ON, CONTROL

(1) INTRODUCTION: Vol unme delivered and frequency of
delivered breaths are preset. This node is flow
limted, volune cycled, and may be volune linmted
(Chat burn, 1995).

(2) INDI CATIONS: Appropriate only for patients who are
apnei ¢ secondary to conditions such as respiratory
nmuscl e paral ysis, sedation, drug overdose, or brain
damage (Tobin, 1990); quickly leads to respiratory
nmuscl e atrophy (Tobin, 1994a).

i . VENTI LATI ON, ASSI ST/ CONTROL

(1) | NTRODUCTI ON:

(a) Volune delivered is preset and is triggered by
patient-initiated breaths or by the backup (preset)
rate if no patient breath occurs within a presel ected
time. Al so nmay be flow triggered between
time-triggered breaths, depending on the presence of
spont aneous breathing efforts and the sensitivity
setting on the ASSI ST conponent (Chatburn, 1995).

(b) Work of breathing during volune-targeted A/ C depends
on sensitivity, flowrates, and respiratory drive of
patient, which is dependent on many vari abl es,

i ncluding fever, anem a, hypoxia, pain, hypovol em a
and | evel of consciousness.
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(2) INDI CATIONS: Used in patients with normal respiratory
drives but weak respiratory nuscles. Conbines
controlled ventilation with the possibility of a
synchronous breathing pattern of patient and
ventilator. Ventilatory support is provided for every
br eat h.

(3) COWPLI CATIONS: Risks include excessive patient work if
peak flow or sensitivity is inadequate; may be poorly
tolerated i n anake, nonsedated patients; nay be
associated with respiratory al kal osis; may possibly
worsen air trapping in patients with COPD;, tidal volune
may vary with changes in |ung inpedences, patient
ventilatory drive, or patient-ventilator dyssynchrony.

j . VENTILATION, | NTERM TTENT MANDATORY

(1) |1 NTRODUCTI ON:

(a) Both a ventilatory node and a weani ng node.
Intermttent nmechanical breaths at a preset rate and
vol ume are delivered while allowi ng spontaneous
br eat hs between and i ndependent of the | MW breaths.

(b) Mandatory breaths are flow controlled, pressure
triggered, or tine triggered; spontaneous breaths are
pressure control |l ed, pressure triggered, and either
pressure or flow cycled (Chatburn, 1995).

(2) INDI CATIONS: May be of benefit to patients with
respiratory al kal em a; nmay reduce nean airway pressure
(Kirby, 1975); may pronote nore uni formintrapul nonary
gas distribution (Downs, 1983); forestalls nuscle
atrophy and dyssynchrony; mnimzes need for sedation
and nuscl e paralysis (Petty, 1981).

k. VENTI LATI ON, PRESSURE- SUPPORT

(1) |1 NTRODUCTI ON:

(a) Ventilatory cycle is initiated by the patient and each
spont aneous breath is augnented with a fixed anmount of
positive pressure. Patient determ nes respiratory
rate

(b) At the start of inspiration, pressure rises rapidly to
a plateau and i s naintai ned throughout the inspiration
phase. |Inspiratory duration is dependent on patient
effort; airway pressurization always stops before
reachi ng zero fl ow.

(2) INDI CATIONS: Primarily designed to assist spontaneous
breat hing, although it is used during periods of stable
ventilatory support and weaning. Respiratory rate
inspiratory tine, and flowrate are controlled by the
patient; tidal volume is determ ned by the |evel of
PSV, patient effort, and pul nonary nechani cs (Tobin
1994).

. CONTI NUOUS PGCsI TI VE Al RWAY PRESSURE

(1) | NTRODUCTI ON:

(a) Provides continuous positive airway pressure by the
ventil ator throughout the ventilatory cycle in
spont aneousl y breathi ng patients.

(b) I nproves oxygenation if decreased lung volune is a
contributing factor in hypoxem a. Reduces work of
breathing in patients with dynam c hyperinflation
(phenonenon in which there is airlowlimtation
resulting frominadequate expiration tinme) and
aut o- PEEP (positive alveol ar pressure at end
expiration); however, excessive CPAP | evels may induce
t hese phenonena (Fessler, 1995).

(2) INDI CATIONS: Uilized in spontaneously breathing
patients who can ventil ate adequately but cannot
oxygenate effectively because of decreased functiona
resi dual capacity; increases |lung volune and
oxygenation by el evating end-expiratory pressure to
t hat above atnospheric pressure (Katz, 1985).

m  PQCSI TI VE END- EXPl RATORY PRESSURE

(1) | NTRODUCTI ON:

(a) Positive pressure applied to the expiration circuit
prevents al veol ar col | apse that may occur between
breaths. Serves to correct shunting and
ventil ation-perfusion msmatch resulting in increased
functional residual capacity of the lung (Wl sh, 1992
Bone, 1995).
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(b) Adm nistering PEEP equal to intrinsic positive
end-expiratory PEEP ("auto-PEEP") results in al nost
total resolution of intrinsic PEEP (Minoz, 1993).

(c) Optimum PEEP nay be eval uated by increasi ng PEEP by
increments of 3 to 5 cn0 (starting at 0 cn) every 20
to 30 mnutes. Assess blood pressure, arterial blood
gases, cardi ac output, and oxygen delivery
cal cul ations with each change. Best PEEP is the
| onest level that allows a decrease in Fi Q2 without
conprom si ng oxygen delivery (\Wlsh, 1992).

(2) INDI CATIONS: Used to inprove arterial oxygenation in
severely hypoxenic patients, or in an effort to
decrease the Fi2 to avoid oxygen toxicity. Mjor
indication is Pa®2 <60 nmmHg with an Fi2 >50%in a
patient with diffuse pulmonary injury and infiltrates
(Tobin, 1990).

(3) COWVPLI CATI ONS

(a) DECREASED CARDI AC QUTPUT: Mbst frequent conplication
occurring comonly if PEEP exceeds 15 cntHRQ, if
cardi ovascul ar reflexes are inpaired, if there is
coexi stent hypovolema, or if AAC ventilation is being
used; occurs secondary to decreased venous return

(b) BAROTRAUVA: Rel ationship to PEEP i s uncl ear
potential may increase with PEEP | evels >18 cn0
general |y benign but can result in tension
pneunot horax (Wl sh, 1992).

(c) I NCREASED | NTRACRANI AL PRESSURE: Cccurs only with
hi gh |l evel s of PEEP (Tobin, 1990).

(d) DECREASED RENAL AND PORTAL BLOOD FLON Related to
decreased cardi ac output (Tobin, 1994).

n. VENTI LATI ON, H GH FREQUENCY

(1) Includes a variety of nonconventional nodes of positive
pressure ventilation utilizing |ow tidal volunes and
i ncreased ventilatory frequencies that serve to
m nim ze the adverse effects of increased peak and nean
airway pressures, thereby increasing functiona
residual capacity (Meliones, 1994).

(2) Dangers associated with HFV require that clinicians be
very fanmliar with technique. Risks include
hemodynam ¢ conprom se and barotrauma associated with
outfl ow obstruction; air trapping due to high flow
rates; severe necrotizing tracheobronchitis due to
i nadequat e hum dification (Meliones, 1994).

(3) High-frequency jet ventilation (HFJV) is one of the
nost commonly used technol ogies and utilizes a
hi gh- pressure air-oxygen gas to generate inspiratory
gas flow, expiration is passive. Man airway pressure
(Paw) and peak airway pressure (PIP) are |less than
t hose generated during conventional PPV (Meliones,
1994).

(4) Requires a separate ETT and additional ventilator
Advant ages incl ude reduced airway pressures, inproved
hemodynam cs, and | ess risk of barotrauma. Consider in
patients with high airway pressures or those who are
unusual |y sensitive to airway pressures (Mliones,
1994).

(a) NEONATES: Failure to respond to conventional therapy
despite high PIPs is an indication for HFJV, consider
HFJV when patient requires a Paw >/ = 15 to 20 mHg or
if asignificant airleak is present.

(b) CH LDREN. Primarily indicated in postoperative
congenital heart disease, ARDS, or perioperatively for
thoraci c surgery patients. |n postoperative cardiac
patients, HFJV is initiated when the Pawis >/ = 15
nmHg when pul monary artery hypertension and/or right
ventricul ar dysfunction is present (Meliones, 1991).

(c) ADULTS: Consider HFJV when Paw is >20 to 25 nmmHg or
when airleak is present; may be beneficial in patients
during or after thoracic surgery or in patients with
ARDS (Howl and, 1987; Brimoulle, 1990).

(5) High-frequency oscillatory ventilation (HFOV)
alternates positive and negative pressures in the
airway (Fredberg, 1987); both inspiration and
expiration are active. D sadvantages include increased
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Paw, air-trapping if high airway resistance is present,
and because of the rigid nature of the HFOV circuit,
patient position is relatively fixed

(6) Advantages include the ability of the clinician to
mani pul at e oxygenati on and ventilation i ndependantly,
and the ability to apply HFOV w t hout special ETT or
additional ventilator. Consider in patients with
i npai red oxygenation or in whom barotrauma has
occurred

(a) NEONATES: Indicated for infantile respiratory
di stress syndrone (I RDS), barotrauma, refractory
pul nonary artery hypertension, airleak, and
di aphragmati ¢ herni a.

(b) CHILDREN. Primarily indicated in patients with ARDS
who have decreased oxygenati on despite high | evels of
support or those who devel op significant barotrauna.

(c) ADULTS: Possibly beneficial in ARDS; surgically
i nduced airway injury; postsurgical patients at high
risk for pneunonitis or aspiration (Freitag, 1989).

0. COWVPLI CATI ONS OF MECHANI CAL VENTI LATI ON

(1) BAROTRAUNA:

(a) Cccurs nost often in patients with adult respiratory
di stress syndrone, especially those with severe
di sease requiring high peak inspiratory pressure or
hi gh (>18 cnH0O) |evels of positive end-expiratory
pressure

(b) Susceptibility may vary with di sease process;
prol onged ventilation nmay cause many forns of
barotraunma to occur nore frequently (Sl utsky, 1993),
the nost disasterous of which is tension pneunot hor ax.

(c) Preventatory neasures include perm ssive hypercapnia
(Pesenti, 1990; Hickling, 1990; Reynolds, 1993
Gentilello, 1995); pressure-controlled ventilation
(Nahum 1992); and pressure-limted, volune-cycled
ventilation (Marcy, 1991; Dries, 1995)

(d) TREATMENT: Energency needl e thoracentesis may be
life-saving in tension pneunot horax; chest tube with
wat er - seal ed drai nage nay be required for a small
pl eural | eak.

(2) OXYGEN TOXICI TY: Prol onged use of oxygen at high
concentrations (>50% over several days) can lead to
irreversible pulmonary fibrosis (Bone, 1995).

(3) HEMODYNAM C ALTERATIONS: Increases in intrathoracic
pressure adversely affect cardi ac output secondary to
decrease in venous return (Slutsky, 1993).

(4) BREATH NG EFFORT AND PATI ENT- VENTI LATOR ASYNCHRONY:
Factors that increase work of breathing include
endotracheal tube resistance, excessive triggering
threshol d or response delay, insufficient ventilator
flow capacity to neet peak patient denmands, and
devel opment of dynanic hyperinflation, which gives rise
to aut o- PEEP (Sl utsky, 1993).

(5) AUTO PEEP

(a) DEFINITION. The difference between al veol ar pressure
and external airway pressure at end expiration
Managenent differs depending on the cause of
aut o- PEEP; nmay occur during nmechanical ventilation
when ventil ated breaths occur prior to conplete
exhal ati on of the previous breath (Sl utsky, 1993).

(b) RISK FACTORS: Common in obstructive |lung di sease
(particularly during acute exacerbations) when
ventilator settings are set inappropriately for
physi ol ogic state. Variables that may contribute to
t he devel opnent of auto-PEEP include interruption in
expiratory flow, respiratory rate, mnute volune, size
of endotracheal tube, and characteristics of the
ventilatory circuit (Minoz, 1993; Fessler, 1995).

(c) MEASUREMENT: Can be measured by transiently
decreasing ventilator rate and nmonmentarily occl udi ng
the exhal ation port at the usual time of inspiration
which results in equilibration of pressure; a
manonet er attached to the proximal airway will then
refl ect alveolar pressure

(d) COWPLICATIONS: Similar to those of applied PEEP
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severe hypot ensi on and decreased cardi ac out put;
bar ot raunmm; erroneous pul nbnary artery catheter
measur enents (hi gh pul nonary-capillary wedge pressure)
| eadi ng to msguided and i nappropriate fluid therapy
or diuresis (Wlsh, 1992).
(e) TREATMENT: Must reduce ventilator rates (sonetinmes to
1-2 breaths/mnute) imediately to correct problem
C. BED REST
1. AMS: Rest alone may reduce synmptons. Oxygen and bed
rest may preclude the need for descent if the patient
i nproves (Hackett, 1992; Yaron, 1994; Bartsch, 1992).
2. HAPE

a. Absolute bed rest is inmportant because physical exercise
wi Il aggravate it by increasing pulmonary artery
pressure and reduci ng oxygen saturation (Hackett, 1992
Yaron, 1994).

b. Once HAPE is resolved, patients are at further risk if
t hey ascend hi gher on that particular excursion to high
altitude and nay have denonstrated an underlying
susceptibility.

D. MON TORI NG CARDI AC

1. | NDI CATI ONS

a. Respiratory and/or potential cardiac problens.

b. Severe nental obtundation or coma.

E. HYPERVENTI LATI ON

1. Voluntary hyperventilation every 10 to 15 mnutes is
hel pful in AVS

F. | NTRAVENQUS LI NE

1. | NDI CATI ONS

a. Respiratory distress for administration of drugs if
i mredi ate i nprovenment does not occur with conservative
t her apy.

b. Severe nental obtundation

c. Unnecessay in patients with unconplicated AVS
G MONI TORI NG PULMONARY ARTERY PRESSURE

1. CONTROVERSY: Use is controversial; uncertainty regarding

its safety and efficacy in contributing to inproved

pati ent outconmes (Connors, 1996; Dal en, 1996; Robin
1987; Matthay, 1988; Sibbald, 1988; Spodick, 1989, 1989a
Shoenaker, 1990; Fink, 1997; Reinhart, 1997; G nosar
1997).

a. Mjority of critical care clinicians believe that
i nformation provided by the PAC is helpful in guiding
therapy and inproving outcone in selected critically il
patients. Provides henobdynam c i nformation that cannot
be supplied by clinical diagnosis alone, while allow ng
di agnostic classification of patients with
cardi ovascul ar dysfunction and ot her di seases (Chernow,
1997; Am Soc Anest hesi ol ogi sts Task Force, 1993; Eur Soc
I ntensive Care Med, 1991).

b. Results of an observational prospective cohort study in
over 5700 critically ill patients in five US teaching
hospital s indicate that, independent of severity of
illness, placenent of a PAC during first 24 h of stay in
an ICU is associated with significant increased risk of
death, as well as increased cost of care and | ength of
hospitalization and | CU stays (Connors, 1996).

c. However, both the Pul nonary Artery Catheter Consensus
Conference (1997), organized by the Society of Critical
Care Medicine, and a panel convened by The Anerican
Col | ege of Chest Physicians and the American Thoracic
Soci ety (Chernow, 1997) have concluded there currently
is NO basis for a noratoriumon PAC use. The decision
to insert a PAC should continue to be based on specific
clinical circunstances and a wei ghing of risks vs
benefits of PAC by the physician providing care

d. The Pul nonary Artery Consensus Conference (1997) found
that PAC may have value in very select settings
however, other nethods of nonitoring adequacy of
resuscitation in critically ill patients (eg
echocar di ography, tissue tononmetry) may be better and
| ess invasive adjuncts to conventional clinical tools
(Fink, 1997).

e. Prospective, random zed, controlled trials are indicated
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to definitively determine utility of PAC for various

i ndi cations (Pulmonary Artery Consensus Conference

1997; Chernow, 1997; Reinhart, 1997; Fink, 1997).

| NDI CATI ONS | N REFRACTCORY HEART FAI LURE: May be usefu

in patients with severe or progressive HF. No proof of
benefit in inproving outcones; research needed to
det ermi ne whet her such patients nmanaged wi th PAC have
better outcones than those managed by | ess invasive neans
(Pul nronary Artery Consensus Conference, 1997).

FI NDI NGS

El evated pul nonary artery pressure and pul nonary
vascul ar resi stance.

Normal or | ow pul nonary capillary wedge pressure
Decreased cardi ac out put.

Decreased system c bl ood pressure

Normal or slightly elevated right-sided pressures
(Hackett, 1992; Yaron, 1994).
CARDI OGENI C PULMONARY EDEMA:  Produces el evat ed pul nonary
capillary wedge pressure (normal = 5-10 nmmHg, with a
range of 3-15 mmHg). Pressures nmay range from 18 mtHg to
>30 mmHg. At 30 nmmHg, frank intra-alveolar fluid
accurul ation usually occurs.
OXYGEN, HYPERBARI C
GAMOW BAG R)

Portabl e, one-person hyperbaric bags (Ganow Bag(R)) are
avai | abl e that pressurize victinms of high altitude
illness to 2 psi, equivalent to a descent of 5000 feet
when operated at 14,000-foot altitude (King, 1990;

Taber, 1990; Kasic, 1991).

As effective as oxygen or descent and is safe in persons
with AMS5, HAPE, or HACE. Ventilation or CO2 scrubbers
prevent C2 accunul ation. Length of treatnent depends

on severity of illness and can range froma few to nmany
hours (King, 1990; Taber, 1990; Kasic, 1991; Bartsch
1992).

Long-term benefit (>12 h) of pressurization is
controversial. Sone studi es have shown such benefit

(Taber, 1990; King, 1990; Robertson, 1991), while others
suggest the effect nmay be short-lived, possibly as short
as 1 h (Bartsch, 1993; Kayser, 1993). There is no
beneficial effect of single treatnent session (Bartsch
1992).

Shoul d be considered as additional treatment for
synmptomatic relief in severe cases if patient is
unresponsive to or unable to tolerate nedicine, pronpt
evacuation is not possible, and positive-pressure bag is
avai | abl e for use by experienced personnel (King, 1990).

6. 3 PHARVACOLOG C TREATMENT

A
1

a.

2

a.

OXYGEN

| NDI CATI ONS

AMS: Treatnent of choice in severe cases (Hackett,
1992; Yaron, 1994; Pigman, 1990; Bartsch, 1990; Callen
1989).

HAPE: Adequate treatnent when conbined with bed rest.
Oxygen is both life-saving and curative (Marticorena
1979; Rabold, 1989).

HACE: WMay be tenporarily life-saving but should not be
regarded as a substitute for descent (Hackett, 1992
Yaron, 1994).

RECOMVENDATI ON:

AMVB:  Admini ster oxygen by mask or nasal cannula at a
flowrate that will alleviate hypoxem a as neasured by
pul se oximetry or produce good clinical response. |If
supplies of 2 are limted, use lowflow (1 to 2 L/mn)
to maxi mze | ength of treatnent.

HAPE: Severe cases require 24 hours or nore of Q2 for
resolution if descent is not acconplished. During
evacuati on, oxygen should be give by face nask at 6 to 8
liters/mnute for first 30 minutes, then decreased to 2
to 4 liters/mnute for 12 to 48 hours to conserve
oxygen. |In the hospital setting, a 100% nonrebreat her
shoul d be used (Rabold, 1989).

HACE: G ve oxygen at rate of 2 to 4 liters/mnute
(Hackett, 1992).
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B. CARBON DI OXI DE

1. AMS: Use is controversial. Uncontrolled studies have
suggested that used of C2-enriched air (3% CQ2) nay be
alternative treatnent of AMS (Harvey, 1988). However,
results of a controlled study did not support its
useful ness; only significant effect was increased
ventilation resulting in slight rise in Pa® (Bartsch
1990) .

C. I NTRAVENQUS FLUI D

1. CRYSTALLO DS

a. | NDI CATI ONS

(1) Initial fluid choices in HAPE and HACE. Shoul d be
adm nistered to maintain normal vital signs and urine
output of at least 30 niL/hr. Pulnonary capillary wedge
pressure should be followed to ascertain appropriate
fluid therapy, and a net positive fluid bal ance shoul d
be avoi ded

(2) Use of colloid solutions (eg, albumin) should be
considered if venous pressure does not rise after
crystalloid infusion or if hypoal bum nem a exi sts.

b. CAUTI ON:

(1) Adilemma is encountered in the fluid resuscitation of
the patient with HAPE or HACE. Too much fluid may
expand i ntravascul ar vol unme and i nprove cardi ac out put,
thus indirectly inproving tissue oxygenation by getting
the oxygen to the tissues. However, this may cause an
increase in pulnonary fluid and thus worsen hypoxem a
In addition, any increase in capillary hydrostatic
pressure in the presence of an increase in perneability
may result in an increase in lung water

(2) Although possibly inmproving al veol ar capillary oxygen
exchange, too little fluid may reduce cardi ac out put
(Robin, 1972). This effect nay be nore disastrous if
PEEP is instituted

(3) In the hypovol emc patient, restoration to nornal
i ntravascul ar volune once the danage to the
al veol ar/capillary menbrane is acconplished may
preci pitate worsening pul nonary edema. However,
crystalloid resuscitati on has been shown not to worsen
pul nonary ederma (Tranbaugh, 1982).

(4) A delicate conprom se needs to be reached utilizing al
nodal i ties avail able: Swan-Gnz neasurenents, tissue
oxygenation and consunption as nani fested by PVQ2, and
clinical exam nation

D. CARBONI C ANHYDRASE | NHI Bl TORS

1. ACETAZOLAM DE

a. | NDI CATIONS (Treatnent):

(1) MId to noderate AMS; relieves synptons, inproves
arterial oxygenation, and prevents further inpairnment
of gas exchange (Gissom 1992; Hackett, 1992; Pi gnan,
1990; Bradwell, 1986).

(2) Not recommended for established HAPE and HACE; shoul d
not be a substitute for descent, rest, and oxygenation
once synptons devel op

(3) Not effective in all individuals and should not be
substituted for acclimatization and sl ow ascent.

b. RECOMVENDATION (MId to noderate AMS): 250 milligrans
orally every eight hours (children >6 years: 5
mlligrans/kilogramday orally in three divided doses)
for 48 hours (Pigman, 1990).

c. AVAI LABLE FORVS: Dianmox(R) (tine-rel ease capsul es
tabl ets).

d. DOSING IN SPECI AL SI TUATIONS: Increase dose interval in
renal failure; dose adjustnment not required in |liver
di sease

e. PRECAUTIONS: Sulfa drug. Contraindicated in
hypokal em a, hyponatrem a, severe renal insufficiency
and hyperchl orem c aci dosis; |ong-termuse
contraindicated in chronic non-congestive angle closure
gl auconma; caution in pul nbnary obstruction or enphysens;
may ant agoni ze effects of |ithiumand net henam ne; nay
i ncrease quinidine toxicity.

f. MAJOR ADVERSE REACTI ONS: Paresthesias; drowsiness
nausea and vom ting; thronbocytopenia; aplastic anem a
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net abol i ¢ aci dosis; renal calculi; nyopia
g. MONI TORI NG PARAMETERS: Serum el ectrol ytes
E. ANALGESICS

1. ASPIRIN

a. | NDI CATIONS: May be used to relieve headache (Hackett,
1992; Yaron, 1994).

b. RECOMMVENDATION: 650 milligrans orally every four to six
hours as needed (children: 10 to 15 mIligranms/kil ogram
orally every four to six hours; maxi num 650
m | |igrans/dose).

c. AVAI LABLE FORVS: Ecotrin(R); Bufferin(R); many generic
pr epar ati ons.

d. DOSING IN SPECI AL SI TUATI ONS: Dose reductions not
required in inmpaired renal function; avoid in severe
hepati c insufficiency.

e. MAJOR ADVERSE REACTIONS: |ncreased bleeding time and
potenti al bl eedi ng epi sodes; hypersensitivity reaction
(urticaria or anaphylaxis); hepatotoxicity with high
doses; overdose toxicity (tinnitus); adverse reactions
wi th prol onged use

f. PRECAUTIONS: Contraindicated in bleeding disorders, in
| ast nonth of pregnancy, hypersensitivity to aspirin
caution in asthma, nasal polyps, ulcers, and in patients
receiving anti coagul ants; many drug interactions.
Contraindicated in viral illness (eg, influenzae and
chi ckenpox) in children due to possible association with
Reye' s syndrone.

2. | BUPRCFEN

a. |IND CATIONS: Treatnent of high altitude headache
(Broone, 1994)

b. RECOMVENDATION: 400 milligrans orally every four to six
hours PRN, maxi mum 2.4 grans/day.

c. AVAI LABLE FORMS: Mdtrin(R) (tablets); Nuprin(R
(tablets, caplet); Mdipren(R) (tablets); or equival ent
NSAI D.

d. DOSING IN SPECI AL SI TUATIONS: | ncrease dosage interva
inrenal failure

e. MAJOR ADVERSE REACTIONS: Tinnitus; hearing loss; G
bl eedi ng; chol estatic jaundi ce; anaphyl axis.

f. PRECAUTIONS: Contraindicated in patients with
hypersensitivity to aspirin or other NSAIDs; caution in
active peptic ulcer disease, renal insufficiency,
hepati c dysfunction, and patients with conprom sed
cardi ac function (edena); potentiates effects of
warfarin; concomtant antacid adm nistration may reduce
absorpti on.

3. CODEI NE

a. | NDI CATIONS: May be used to relieve headache unaffected
by aspirin (Hackett, 1992; Yaron, 1994). Mist be
adm nistered with caution as any increase in sedation
may potentiate al veol ar hypoventil ation and worsen
cerebral ederma (Sutton, 1979).

b. RECOMVENDATION: 30 to 60 mlligrans orally as needed
(children: 3 mlligrans/kilogranmday orally in divided
doses).

c. AVAI LABLE FORMS: GCeneric tablets and injection
nunmer ous conbi nati on products.

d. DGCSAGE IN SPECI AL SI TUATI ONS: Dose reductions are not
required in renal insufficiency; dose reductions
required in hepatic disease

e. MAJOR ADVERSE REACTIONS: Respiratory depression;
hypot ensi on; addiction with prol onged use

f. PRECAUTIONS: Contraindicated in patients with
repiratory depression or coma; use with caution in the
presence of convul sions, shock, asthma or COPD;, additive
CNS depression with other depressant drugs.

F. STERA DS

1. DEXAMETHASONE

a. | NDI CATIONS (Treatnent):

(1) AVMs: Patients with neurologic deterioration, eg
ataxia, change in |l evel of consciousness, severe
headache and/or vomting, particularly when descent is
i npossible or to facilitate cooperation in evacuation
efforts (Ferrazini, 1987; Levine, 1989; Hackett, 1992
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Mont gonery, 1989a; Johnson, 1984).

(2) HACE: Although no studies have denonstrated effect of
dexanet hasone on HACE, severe AMSB includes synptons of
cerebral edenm, and dexanet hasone has shown i nprovenent
of synptons with severe AVMS

(3) HAPE: No proven val ue (Hackett, 1992; Yaron, 1994).

b. RECOMVENDATI ON:

(1) AMB: 4 milligrans orally or intranmuscularly every six
hours (Levine, 1989).

(2) HACE: 10 milligrams intravenously initially, then 4
mlligrans every six hours (children: 0.25to 0.5
m | ligrans/ kil ogranf dose intravenously every siXx
hours) .

c. AVAI LABLE FORMS: Decadron(R) (tablets, injection)
Dexone(R) (tablets); Hexadrol (R) (tablets, solution).

d. DOSING I N SPECI AL SI TUATI ONS: Dosage adjustnments may be
required in patients with cirrhosis because of possible
enhanced steroid effects.

e. MAJOR ADVERSE REACTIONS: Peptic ulceration may occur
with high doses; fluid retention may precipitate CHF in
susceptible patients.

f. PRECAUTIONS: Contraindicated in the presence of
system ¢ fungal infections; adrenal suppression nay
occur with adm nistration of high doses for prol onged
periods; |arge doses nmay induce hypokal emia, which is
accentuated by concomtant therapy with diuretics.

G ANTI EMETI CS

1. PROCHLORPERAZI NE

a. |ND CATIONS: Treatnment of nausea and vom ting; also
i ncreases ventilatory response to hypoxia (d son, 1982
Hackett, 1992).

b. RECOMVENDATI ON:

(1) ORAL: 5 to 10 mlligrans orally every six to eight
hours (children >2 years: 0.4 mlligrans/Kkilogran day
orally in three to four divided doses).

(2) RECTAL: 25 milligrams per rectumevery 12 hours
(children: 0.4 mlligrans/kilogram day as needed in
three to four divided doses).

(3) INTRAMUSCULAR: 5 to 20 mlligranms intranuscul arly;
maxi mum 40 m | ligranms/day (children: 0.2
mlligranikilogram day intramuscularly in three to four
di vi ded doses).

c. AVAI LABLE FORVS: Conpazine(R) (capsul es, syrup
tablets, injection, suppository).

d. DOSING IN SPECI AL SI TUATI ONS: Reduce dose in severe
liver disease; dose reduction not required in rena
i nsufficiency.

e. MAJOR ADVERSE REACTIONS: Extrapyram dal reactions
(dystonias that may mmc tetanus); hepatotoxicity;
bl ood dyscrasi as (granul ocytopenia, thronbocytopenia);
adverse reactions with prol onged use

f. PRECAUTIONS: Contraindicated in children under 2 years,
in severe hypotension, and in patients with bone marrow
depression; use with caution in glauconma, hepatic
dysfunction, and prostatic hypertrophy.

g. MONI TORI NG PARAMETERS: Monitor for dystonic reactions

H  VASODI LATORS

1. OVERVIEW

a. HAPE is characterized by marked pul nonary
vasoconstriction. Pulnobnary vasodilators exert a
beneficial effect on henbdynam cs and oxygenation in
t hese patients (Hackett, 1992a; Celz, 1989, 1992).

2. N FED PI NE

a. | NDI CATIONS: Potential energency treatnment of HAPE when
descent or evacuation is inpossible and suppl ementa
oxygen is not available (Celz, 1989, 1992; Jam eson

1992).
b. RECOMVENDATION: 10 milligrans sublingually plus 20
mlligrans orally of slowrelease nifedipine. |If

systolic BP does not decrease 10 mmHg or nore within 10
m nutes, repeat sublingual dose after 15 m nutes.
Subsequently, give 20 mlligrams of slowrel ease

ni f edi pi ne every six hours for entire time at altitude
(Cel z, 1989).
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AVAI LABLE FORMS:  Procardi a(R) (capsul es); Procardia
XL(R) (sustained-rel ease tablets).
MAJOR ADVERSE REACTI ONS: Hypotension (during initia
treatment, nore frequent in patients receiving
bet a- bl ockers); increased frequency or severity of
angi na upon initiation; CHF (in patients receiving
bet a- bl ockers); pal pitations; dizziness; headache
PRECAUTI ONS: Caution if clinical history or EKG
suggests recent angina or ischema and in patients
recei vi ng beta-bl ocki ng agents; nmay exacerbate
wi t hdrawal syndronme or beta-blockers if initiated after
wi t hdrawal (taper beta-bl ocking agents before starting
nifedipine). Caution in patients with hepatic
impairnent and in patients with tight aortic stenosis
(increased risk of CHF). Increased risk of hypotension
has been reported when patients are vol une-depl eted or
are receiving diuretics or other antihypertensive drugs.
EFFI CACY: Results in clinical inprovenent, better
oxygenation, reduction of alveolar arterial oxygen
gradi ent and pul nonary artery pressure, and progressive
clearing of alveolar edena (Celz, 1989, 1992; Jam eson
1992).
PHENTOLAM NE
Mar ked pul nonary vasoconstriction in HAPE may invol ve
i ncreased al pha adrenergic activity. A short-acting
al pha bl ocker, eg, phentolanine, is particularly
effective (Hackett, 1992a).
MORPHI NE SULFATE
| NDI CATI ONS (HAPE): Effective in decreasing dyspnea
reduci ng pul nonary bl ood vol une, and i nproving
oxygenation, but depression of ventilatory drive may
wor sen al veol ar hypoxi a, pul nonary hypertensi on, and
oxygen delivery. May be hel pful when descent is not
possi bl e and oxygen is not avail abl e (Hackett, 1992
Yaron, 1994). Little actual experience with its use in
HAPE
RECOMVENDATION: 2 to 10 mlligranms intravenously
(children: 0.1 to 0.2 milligramkilogramintravenously
slow y); may be repeated every 10 to 15 minutes PRN
observe for hypotension and respiratory depression
AVAI LABLE FORMS: Many generic preparations (injection)
DOSI NG | N SPECI AL SI TUATI ONS: Reduce dose in hepatic
i nsufficiency; dosing adjustnent not required in rena
failure
MAJOR ADVERSE REACTI ONS: Respiratory depression
hypot ensi on; bradycardi a; hal | uci nati ons; anaphyl axi s
when given |V, nausea and vomting; constipation; urinary
retention.
PRECAUTI ONS: Contraindicated in patients with
respiratory depression, coma, or allergy to norphine
caution in the presence of convul sions, shock, asthma, or
COPD; CNS depression accentuated with other
depressant-type drugs, including phenothi azi nes.
MONI TORI NG PARAMETERS: Respiratory depression is conmon
especially in patients with chronic pul nonary di sease
It is maximal 10 m nutes after an intravenous dose and
may cause acute respiratory failure or apnea. Therefore
the patient nust be observed for hypotension and
respiratory depression followi ng adm nistration of the
initial dose of norphine
MECHANI SM OF ACTI ON
Vasodi | ation via histam ne rel ease
Arteriolar dilatation via central suppression of
adrenergi c tone
Decrease in nyocardi al oxygen consunption
Decrease in left ventricular end-diastolic pressure
Rel i ef of anxiety.
DI GOXI N
Has no proven value in the treatnment of HAPE (Hackett,
1992; Yaron, 1994).
Dl URETI CS
FURCSEM DE
| NDI CATIONS: Correction of fluid retention and vol une
over | oad.
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(1) AVS: Excellent results reported in treating noderate
to severe AMS;, use in field when nonitoring of
dehydrated patients is difficult and is not recommended
(Hackett, 1992; Yaron, 1994).

(2) HACE

(a) No data supporting role of diuretics in treating HACE
in field environments, patients nmay becone overly
dehydrat ed, weak, and unable to descend; however, a
degree of dehydration in a nedically supervised
setting, if carefully observed for hypovolema, is
acceptabl e (Hackett, 1992; Yaron, 1994).

(b) Dehydrated patients with neurol ogi c signs who are not
respondi ng to oxygen and descent may benefit frommnild
di uresis (Houston, 1975).

(3) HAPE: Role of diuretics has been questioned on the
grounds that these patients are already dehydrated, and
diuretics may potentiate dehydrati on, hypotension, and
severe weakness which could interfere with rescue
attenpts and descent (Hackett, 1992; Yaron, 1994).
Caution in dehydrated patient on nechanical ventilator
secondary to hypotensi on

b. RECOMVENDATION:. 20 to 40 mlligranms intravenously every
12 hours until inproved (children: 1 to 2
m | |igranms/ kil ogranf dose intravenously).

c. AVAI LABLE FORMS: Lasix(R) (injection).

d. DOSING I N SPECI AL SI TUATIONS: Hi gher doses may be
required in renal failure to induce effective diuresis;
no specific dosing adjustnent is required in hepatic
i nsufficiency.

e. MAJOR ADVERSE REACTIONS: CQotoxicity can occur in
patients with renal failure; electrolyte depletion may
occur with large doses; acute hypotensive epi sodes nmay
occur with rapid diuresis.

f. PRECAUTIONS: Contraindicated in anuria; the drug should
be used with caution in the presence of increasing rena
i nsufficiency and/or oliguria during treatnent of severe
renal disease; may precipitate hepatic encephal opathy in
liver disease; excessive hypokal emia may occur during
conconitant therapy with corticosteroids, anphotericin B
and ot her diuretics.

g. MONI TORI NG PARAMETERS: Periodic determ nati on of serum
el ectrolytes; serumuric acid and glucose |evels.

L. TRANSFUSI ON, BLOOD

1. Necessary treatnment nodality only if the patient's
henmogl obi n concentration is so lowthat it interferes
with the transport of oxygen to the tissue (Hackett,
1992; Yaron, 1994).

M SEDATI VES/ HYPNOTI CS

1. Sedatives nmay worsen sl eep oxygenation, potentiate
cerebral edema (Sutton, 1979), and contribute to HAPE
(Hackett, 1992).

N.  NALOXONE

1. A single case report showed that nal oxone was apparently

successful in aneliorating the clinical and | aboratory
abnornalities of HAPE (Bar-Or, 1982); however, this
requires further study and is not recomended.
O  PROPHYLAXI S, H GH ALTI TUDE | LLNESS
1. ACCLI M TI ZATI ON
a. AMs is alnost universally experienced during
acclimtization to extrene altitude but noticeable
synmptons of AMS al so develop in travelers to
internmedi ate altitudes (2000 to 3000 nm), particularly in
persons arriving fromaltitudes <900 m ( Mont gonery,
1989; Pigman, 1990; Houston, 1990).
b. Stopping the ascent and waiting for the body to better
acclimatize may be adequate for mld cases of AVMS;, 24 to
48 hours may be required. G adual ascent of no nore
than 300 ni day above 3000 neters is recomended (Pi gman,
1991; Houston, 1990).
c. Drinking additional water, avoiding salt and al cohol
and being only noderately active al so hel pful (Houston
1990) .
d. The term"acclimatization" probably should not be used
for extrene altitudes >8000 m since the body steadily
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deteriorates at such altitudes (Wst, 1993).

2. ACETAZOLAM DE

a. |IND CATIONS: Drug of choice to help prevent or mninize
AMS synptons (Sutton, 1979; Bradwell, 1981; Ml es,

1987; Mclntosh, 1986; Pignman, 1991; Med Lett, 1992).

b. RECOMMVENDATION. 250 milligranms orally twice daily, or 1
sust ai ned-action (500-m|ligram capsule orally every 24
hours (children 6 to 12 years: 5
mlligranms/kilograniday orally in two divided doses),
beginning 2 to 3 days before ascent and continuing for
first 3 days at altitude (Pigman, 1991; Barkin, 1994).

c. AVAI LABLE FORVS: Dianmox(R) (tine-rel ease capsul es
tabl ets).

d. DOSING IN SPECI AL SI TUATIONS: Increase dose interval in
renal failure; dose adjustnment not required in |liver
di sease

e. PRECAUTIONS: Sulfa drug. Contraindicated in
hypokal em a, hyponatrem a, severe renal insufficiency
and hyperchl orem c aci dosis; |ong-termuse
contraindicated in chronic non-congestive angle closure
gl aucona; caution in pul nbnary obstruction or enphysens;
may ant agoni ze effects of |ithiumand net henam ne; nay
i ncrease quinidine toxicity.

f. MAJOR ADVERSE REACTI ONS: Paresthesias; drowsiness
nausea and vom ting; thronbocytopenia; aplastic anem a

net abol i ¢ aci dosis; renal calculi; nyopia
g. MONI TORI NG PARAMETERS: Serum el ectrol ytes
3. DEXAMETHAXONE

a. | NDI CATIONS: Helps prevent or nminimze AVS in persons
ascendi ng >2700 mbut is not indicated routinely. My
be considered for persons w thout contraindications who
are intolerant of acetazol anide, for whom acetazol am de
is ineffective, or who nust make forced, rapid ascent to
high altitude for short period of tine with guaranteed
retreat route (Pignan, 1991; Mntgonery, 1989a; Rock
1989; EllIsworth, 1991).

b. RECOMMENDATION: 4 milligranms orally every six hours for
si x doses beginning at tinme of exposure (Montgonery,
1989a) .

c. AVAI LABLE FORMS: Decadron(R) (tablets); Dexone(R)
(tablets); Hexadrol (R) (tablets).

d. DOSING I N SPECI AL SI TUATI ONS: Dosage adjustnments may be
required in patients with cirrhosis because of possible
enhanced steroid effects.

e. MAJOR ADVERSE REACTIONS: Peptic ulceration may occur
with high doses; fluid retention may precipitate CHF in
susceptible patients.

f. PRECAUTIONS: Contraindicated in the presence of
system ¢ fungal infections; adrenal suppression nay
occur with adm nistration of high doses for prol onged
periods; |arge doses nmay i nduce hypokal emia, which is
accentuated by concomtant therapy with diuretics.

g. EFFICACY: Significantly decreases incidence of AMS and
severity of synptons (Montgonery, 1989a); positively
i nfl uences cognitive performance and nood states at
altitude but has no residual effect on personality
(Jobe, 1991).

4. N FEDI PI NE

a. | NDI CATI ONS

(1) Prevention of HAPE in susceptible persons. Not
i ndicated routinely because of potentially harnful side
effects (eg, hypotension, dizziness) and | ack of
evi dence regarding long-termsafety and efficacy at
altitude. May be considered for persons at risk for
HAPE who go to altitudes where suppl enental oxygen is
not avail abl e and rapid descent is not possible
(Reeves, 1991; Bartsch, 1991; Celz, 1992).

(2) Not recommended for prevention of AMS (Hohenhaus,
1994).

b. RECOMMVENDATION: 20 milligrams orally of slowrel ease
ni f edi pi ne every eight hours (Bartsch, 1991).

c. AVAI LABLE FORVS: Procardi a(R) (capsul es); Procardia
XL(R) (sustained-rel ease tablets).

d. MAJOR ADVERSE REACTIONS: Hypotension (during initia
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treatment, nore frequent in patients receiving
bet a- bl ockers); increased frequency or severity of
angi na upon initiation; CHF (in patients receiving
bet a- bl ockers); pal pitations; dizziness; headache

e. PRECAUTIONS: Caution if clinical history or EKG
suggests recent angina or ischema and in patients
recei vi ng beta-bl ocki ng agents; nmay exacerbate
wi t hdrawal syndronme or beta-blockers if initiated after
wi t hdrawal (taper beta-bl ocking agents before starting
nifedipine). Caution in patients with hepatic
i mpai rment and in patients with tight aortic stenosis
(increased risk of CHF). Increased risk of hypotension
has been reported when patients are vol une-depl eted or
are receiving diuretics or other antihypertensive drugs.

7.0 DI SPCsSI TI ON

7.1 ADM SSI ON CRI TERI A

A Al patients with noderate to severe HAPE or HACE require

hospitalization if still synptomatic after descent.
2 HOME CRITER A
Al'l enmergency departnent patients nmust be screened
stabilized, and discharged in accordance with the COBRA
(antidumping) law. For the full-text of this docunent,
SEE CLI Nl CAL REVI EW COBRA STATUTE
B. AM and mil|d HAPE and HACE can be nmanaged on an outpati ent
basi s.

3 CONSULT CRI TERI A
Unconpl i cat ed AMS does not require subspecialty
consul tation

B. Al patients suspected of having HAPE shoul d be admtted
under the care of a primary care physician, with pul monary
and/ or cardi ol ogy consultation readily avail abl e.

C. Al patients suspected of having noderate to severe HACE
shoul d be adm tted under the care of a primary care
physi ci an, with neurol ogi ¢ and/ or neurosurgica
consultation avail abl e

D. Al patients suspected of having high altitude retina

henor r hage shoul d have opht hal nol ogi ¢ consul tati on

4 TRANSFER CRI TERI A

Al'l enmergency departnent patients nmust be screened
stabilized, and transferred in accordance with the COBRA
(antidumping) law. For the full-text of this docunent,
SEE CLI Nl CAL REVI EW COBRA STATUTE

B. Patients with unconplicated AVS need not be transported
other than to descend to a lower altitude for the relief
of severe synptons. Descent can be readily acconplished
by foot, stretcher, or autonobile. Native altitude
residents require only oxygen

C. For patients with HAPE or HACE, start evacuation by foot.
I f synptons are severe, evacuation by litter will be
necessary because the effort of clinbing down may increase
the severity of the edena (Hackett, 1992; Yaron, 1994).

D. In field conditions, high flow Q by plastic mask can be
conconmitantly administered to patients with HAPE or HACE
(Hackett, 1992; Yaron, 1994). Portable, one-person
hyperbari c bags may be used to pressurize victins to 2 ps
(King, 1989; Taber 1989).

E. Alife-line should be established and EKG nonitoring done
i n nonanbul atory patients.

F. Patients with unconplicated retinal henorrhage require no
speci al transport.
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