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Acute Mountain Sickness

Sl 1 L

« Simple AMS
B S M S UHE

« High Altitude Cerebral Edema (HACE)
re M7 7 He

« High Altitude Pulmonary Edema (HAPE)
e 3t it 7K B

- Mixed HAPE + HACE
e 2Rl e Mt Al 7 BB B il 7K
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AYV/IS (S|mple) symptoms
2 S LE (E ZEE}F[‘O N

* Headache
DE R

* Anorexia — vomiting
BEAYR — &t

« Malaise — misery
R — s

* Poor sleep

AR B
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Nobody dies from AMS
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But many wish they could
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But many wish they could
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AMS, von Humbolt, 1802
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We all felt a malaise,
a weakness, a wish to

vomit which came
from the lack of
oxygen in these
regions.
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o|_etter to Delambre after

Expedition to Chimborazo s




AMS (Simple) Features 1
=EmELE (Haiy) Freml

Rapid altitude gain.RZEFE T 5 E AT EL

A latent period of 6-24 hours before symptoms
start. iE iR 38 4= 27 TEIRHHZE 6-24/N\F

Great individual variation of susceptibility
regardless of fithess level.

(ERS 25 RlIZ= oA - H EAAG HRE 7K 4B I 5]

Only predictor Is past altitude history.
RaCsrERE 25

All ages, races, both sexes at risk.
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AMS (Simple) Features 2
s e (B4R HEm2

* AMS is self-limiting and clears after 3-5
days.
e LEE B IRMERIE » $9E3-5K1%
a] R E KB

 Does not recur at that altitude
EFEEZELUSE @ B ZEER

* May recur if the subject goes higher
{QE ﬁ?ﬁ%f‘éﬁ U_[ =% 0 ) u Hﬁ‘_ffgéé? 5/30/2024

8




Incidence of AMS: various altitudes
=EESUEZZE - AEYEE
% of subs with AMS
from Maggiorini et al. (1990) A study In Swiss

mountain huts
mEyLL B/ NEFSE

Sleeping altitude
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HACE Symptoms, SIigns
= A 7K B EAA B IR

* Initially symptoms of simple AMS. Then
e BT M S LE > AR

« Ataxia on walking or standing.

FERS BRI » 24 2 E) B
 Ataxia on sitting up. #EALRE 32 4F iS55
« Hallucinations. FE4 %)%

* Neurological signs - plantars up, ocular palsies,
papilledema.

%JEEE%@%@E—%UEWL@ » ARfHR AT ~ A A28
7

e Coma — death If untreated.
AV A K =0 ] =
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QAP = firsgreport (in English)
S M A 7K 28—y el 5 (550

THE NEW ENGLAND JOURNAL OF MEDICINE

ACUTE PULMONARY EDEMA OF HIGH ALTITUL

Houston CS (1960)

» COLORADO

lvi'ﬂ .\If\I‘.IZRS‘. Case RI.[’HIHA N. Engl. \J- Med- 263’ 470
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My first case of HAPE (
N (I A AT 7K

T

pILLLL)

Advanced BC, Makalu 6300m
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*Climber with HAPE .
“FEER S KEZ B







HAPE, symptoms & signs 1.
= bt K RS B ek

Breathlessness more than others at same altitude
1F [6]— 5 FEE B At A M ERES - 38 AR PR e ~ Mg 2l
RIS

Poor physical performance, fatigue §85e{R= ~ &5

Chest pain (sometimes) FaJgs (75 B5E)

Cough, dry, then frothy white sputum, later blood-
tinged.
I~ Hzlz ~ i H EURDR » MR g A I

Crackles at lung bases, bubbly breathing
AR EN A il » SRR/ EE  ss02024
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HAPE, symptoms & signs 2.
5 i K B R Bk 2

» Cyanosis 2&4H
« Mild fever, 38-9°C #fas)E » 38~39°C

« Tachycardia, tachypnoea

CoIRAETR - IR R

* Progresses to more severe dyspnoea, coma
and death iIf not treated .

RO - 55
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Incidence of HACE, HAPE
5 S K R ~ e i i

« HAPE, 1 — 3 % depending on altitude gained
e AT 7K AESYL — 3 % (NS = T EL

* HACE, 1-2%

“ = H

JKHEEYL — 2 % [N 3 S FE TR

« Often mixed HACE plus HAPE
SF8 S o i K 7 MR B v 1 i 7K e 26 AR & B U
3
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Mechanisms of AMS, HACE
SePEES L ~ 2 S K B R

Symptoms suggestive of raised intracranial pressure due to
cerebral edema.

A i 07K HE 2 e BA P R BT

Evidence for this good in HACE =& /K i > 551
Post mortem evidence of edema #3/K R IE 27 254

MRI evidence (Hackett et al. 1998) fZ ;L& 7 =515
but lacking in simple AMS (so far),

it = BRAUAT Sk S L 2 AR RS 52

MRI studies show small increase in brain volume but

poor correlation with AMS scores. (Roach et al. 2003):
RSt 5ets e S LLESC Bk TP A BG R A T g A 5 B BEET A
etEEULE T B E (AR
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Mechanisms of AMS, HACE cont.
%KmMi~mWWK%Z%W()

J0N
How does hypoxia produce cerebral edema®?

(Al e 7K HE 2

Cerebral blood flow — increased by hypoxia
decreased by reduced PCQO2

Net result 15t days at alt. CBF increased

But no good correlation with AMS

H<<< Jjﬂ/)ile _
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Mechanisms of AMS, HACE cont
S LHES 5 S K B e 1] (48) How

does hypoxia produce cerebral edema?

(35 _hﬁ[lﬁi_BZH«<7j<@?

 Fluid Balance?
PR 2
Some evidence that exercise in getting to
altitude causes fluid & sodium retention. Some
evidence of correlation with AMS

st s e HIL 7 A B (S G L N T B
H 7T 56 fs B sk 1 = LLTE 5 e

« But weak and no evidence in non-exercising
subjects.

(EE2)N =g IEBEElE T S @J%E@Iﬁ%ﬁﬁ@%mm




Mechanr
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J D

How does

M = L RE

isms of AMS, HACE cont.

- b K B M ()

nypoxia produce cerebral edema?

(BSERLEIY =15 7N

« ? Hypoxia causes blood-brain barrier to become

leaky
(E5e=p=in ikl

Hypoxia resu

(?
Ve e A R T

ts In increase Iin oxygen free radicals

which damage BBB
(RE SRR B A I 182 M As =

Some evidence of protective effect of antioxidants

IN AMS (Bailey et al. 2001)
But an unpublished study found no effect
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I\/Iecrlgnisms of AMS, HACE cont.
e L ~ o K B e ()
Hypoxic Ventilatory Response and AMS

/ﬁﬂtﬁzﬁﬂu@mMT‘

1. Subjects susceptible to HAPE have low HVR on
average (overlap)

e A 7K e 2 3 AR B (R 2 (RS SR S e (BB )

2. Subjects with AMS have low SaO2 but not high
PCO2
et LER B AR RFAREEAE B > (EAEiRA
Ak ER

3. No correlation between SL HVR and subsequent
AMS scores
L AR 3 SRS P B 2 7 = it 2 St = LLE R
&5 5 BN A [ 5/30/2024
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HVR V AMS
SZHE vs. &M LLE

Milledge et al. 1988
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Hypoxic Ventilatory Response and AMS
(BR=REE }i@,ﬁ%’@m LLE

« HVR increases during acclimatisation

17 78 JE s T (B A SR S FE s T T

* One study suggests AMS subjects fall to increase
HVR. (Bartsch et al. 2002) \
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Mechanisms in HAPE
ey A it 7K He 2 et

e Susceptibility a strong feature in HAPE
= AT 7K e 2 2 A 7 AR A R

« Hypoxia causes rise in Pulmonary artery pressure

(KA SR ENKER_E7T

* |n susceptible subjects this response in exaggerated
even in absence of HAPE

£ 2y 5% s MU ZK R T - SR a5 REIZ

« Patients with HAPE have very high pulmonary arterial
pressure (normal wedge pressure)

= A 7K 7 R F R = HI AT B Ak BR
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Mechanism of HAPE- UNEVEN VASO CONSTRICTION
1= 3 it 7K g 2 1 — AR RTRY I A W 4

/
L AF{'}%);?ELES CAPS
PULMONARY

l1'|'l

ARTERY - VEIN
SEALEVEL =
S ——————_
B FLOW \\‘&g/EVEN
VASO
CONSTRICTION
. 3
=
ALTITUDE =
VASO o
CONSTRICTION FLOW UNEVEN
+++ NO EDEMA
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Mechanisms in HAPE
ey S it 7K He 2 e ]

 Itis suggested that in susceptible subjects the
constriction is non-uniform

AT 7K HE S RAE T > ELHTA ek A B BB 1

[ A—24

* SO some lung areas are protected, others have
Increased flow and thus raised capillary pressure.

A A 08 P 0 A g
AN B E BR

e These areas become oedematous.

=R

IR UK ETR SR
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Mechanisms in HAPE cont.
s AT 7R el (R8)

* High capillary pressure results in stress
failure of the cap. walls and leakage of
fluid, proteins, and eventually red cells.
=l EBRESUMEE 2B - &

18 mx{& /52 BRI LM ER

 Later inflammatory mediators are
released which add to the progress of the
condition.
MiekEmEE R/ E (dicytokin) - {E#ER
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I\/Ianagement simple AMS
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« Gono hlgher until symptoms remlt

BHEEINESRINEE LS

. Ifs mptoms persist, go down

EARFFEA] T L

. Analgesms If rec

R AEATE

 Acetazolamide

é

uired, NSAIAsS

A (T

(better as prophylactic but helpful

even after symptoms start) 500mg stat then

250mg bd.
%ﬁﬁé‘ﬁfﬁﬂﬁ

—

N

52 (] A TR

JAcetazolamide (Diamox) 500%

125 » (B35 © FA BN EFEIR)
M%ER _RER250% 7%
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Management of HAPE and HACE
e A /K ~ = A 7K R e

GET PATIENT DOWN as soon as diagnhosis
is madef R A T LLUZKES

HACE (= 1§ 7K fiE) — Dexamethasone (38 EZ)
( VAR FI8mg » A& E:4-6/NI - fik ] 4mgE 2= AN )

HAPE (5 fifiZK i) — Nifedipine ( $55#EF-RH &)
( F4-6/)\F > iRFH20mgE £ HA )

« Portable compression chamber (Gamow bag)
Useful for temporary improvement of patient only

(5116 2UBR IS (12 (58 A IR A BT AL S8R )

5/30/2024
31




Now bag (E@=URJJAE
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Prevention.of AMS 1
L

o | e LUFZT?EBB]-

Plan time for acclimatisation =12 fEHF ]

Above 3000m height gain < 300m per day, with a
“rest” day every 3 days (ideal)

=H3000 RS ERIER EFEE T /N800 K
F3IRATERFIRE—RE)
« Climb high, sleep low

HRE S > IR AR

If symptoms — go no higher

IR - AMEEESREE (FHES

If symptoms get worse — GO DOWN & 130/2024
AR L - N

34




Prevention of AMS 2
S L 2 TR 2

« Consider acetazolamide (Diamox)
(125-250mg bd. Start 24 h before ascent)

ZEERHY %acetazolamlde Dlamox) ﬂﬁﬁﬁ

(_ELET24/ NI B2 AR T & K _2K125-
250mg )

1. For subjects who know they are slow
acclimatisers

EUrEfERE T A 2 Sl

2. When a major altitude gain is unavoidable (flying
Into, 3700m or no camp site at reasonable alt.

aln)

&?@Eﬁéﬁﬁfé R B EEE (Eiﬁ%’fi‘ﬂ&ﬁ%ﬁ IR
3700/\E La Paz= firel 28 & HH & A 3 f i S i e

HrEE ﬁﬁfﬁiﬁ L#k J@> 5/30/2024
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Further reading

Travel at High Altitude, Medex. Avail on www.medex.org.uk

Relevant Chapters in: The High Altitude Medicine Handbook,
Pollard and Murdock, 3™ edition. Radcliffe Medical Press, Oxford

Ditto, in: High Altitude Medicine and Physiology, West, Schoene and
Milledge 4™ edition, Hodder Arnold, London

Barry PW and Pollard (2003) AJ Altitude lliness BMJ 326 915-919

Hackett PH and Roach RC (2004) High Altitude Cerebral Edema
High Altitude Medicine & Biology, 5, 136-146
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