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Acute Mountain Sickness

: Mechanisms & Prevention

University of Colorado, Colorado Springs
Andrew Subudhi
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Symptoms of
Acute Mountain Sickness
(headache and vomiting)
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“Great Headache Mountain”
&
“Little Headache Mountain”
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Ch’ien Han Shu period writing (~30 BCE)
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live submerged at the bottom of an ocean of the
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“We live submerged at the bottom of an
ocean of the element of air”
— Evangelista Torricelli (1608 - 1647)

Dr. Torricelli EHPHER L ERENEER
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3,776 m

Pbar = 490 mmHg
[02]~21%

PO2 =490* .21 =103 mmHg

Sea level

Pbar =760 mmHg

[02]~ 21%

PO2 =760 *.21 = 159 mmHg
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High Altitude lliness

N/

High-Altitude Cerebral Edema
(HACE)

High-Altitude Pulmonary Edema
(HAPE)

Acute Mountain Sickness

Chest X-ray of HAPE

Flu-like symptoms:
Headache
Nausea
Fatigue

HACE on MRI

2UESRFER. MRIE&ICSZaREFEZES LZRE (B
Bi) ELY MFUICE B EKEZRI LIZER (BFER)

3. SR EF

2o X bEprclE, REBRIEZGIEEL LT
AMEINERCEFIEFRIT I8k D, AEl
Wi, A VIV IRz XD REREINTH
D, BEEEERE LT EIRPFEHEE & D720,
HIELT % & S K E X S iR 7 C O EE
FERE D 26FTZ 81275,

—fBiZ, 2,500 mBL_E o E T 10-25% O A
AMEEIREREZF A, 4,500 mEL EOEE T 50-
85% D ANZMEEIFREREFALS L IN T3,
I 512 3,000 mEL_E oA T v b K B AR R

01740



0.01%TH 53, 5000 mPL FOEFRTIZIZDY 2%
ZIHITET 3,

4. FUEBRFEEDX H_X L

aMElEEI SR THERBE LT R
Y "Tight fit hypothesis” £\ BB IN T I 72,
BV, BHENTHAIBALBIZ T
B0, BEHENI ZEIZELAINDELWHRTH S,
B 2\ EEAT Tl BXIMRE 3 L, ARdEd L 72
WIMERBEIFT 2 MR ANEE T 2 U 27 8EL 5, Z
DZ ik, MEREDL S ARFZEI L, IHI
WHHENEN LR T2, 206 —EHO K2 TERFX
BUFEEFISRITETE2INTH S,

LHL, BRBETHELRIEL 728 2 A, il
WOEABLT L aMEFEEENIEL LD
FERIE DB B Teh o7z —H . BYERTIHKE
FRFMNELC X 0 MR MGBE TP o ML P R B8 B 1
BE LRI Aon, BEEETE. SELHE,

Cerebral Blood Flow?

s by

A%CBF
3 & 8 2

(av)

]

iy
\ \

LLAMS Score

50
Change in CBF (%)

A%D0,

-----

Ainslie & Subudhi, 2014

EHLE Dr. Ainslie ICKB#FHD S5, @FTHERRMMITILR
VOHBERETEMT BHPZORET TS (REL). ZhE04E
EERESLRIEELRD (RF)

Blood Brain Barrier?

LU TR

RT-hypoxia 1d

signal intensity VEGF/L28
g 888883

Schoch 2002

Natah 2009

BEDERRER (6% BRRE) IC&V). MERRIEE
#RRF (VEGF) ORRISEEICLD (BEL). —H.
MR R ZRY (BREAR)

Intracranial Pressure?
——%

#Fm 18,000 7+ — bk (¥95.400m) TH. Filc L BEERNE
DEFAE

MR BIFI D BIE I DN TIE X 572 A AL E T
HAH9,

YIAT, BRO A =R LR BT 3 ET
3, BHERNEOHIENEE T/ - TL 503, HE
MEE L CEBEHE T 203EEICHETDH 5,
Cummings (&, Z DOHIFE & &t CEEDFMHIZEH
EAERHIET AL VI F v L vV ET-TN5,
FEFITVZRITDOREIVAETH B720, EEDOY v

Brain Cummings, 1985

Intracranial pressure?

Subudhi 2008

EENEZEHENICAE T 2RBREAR. BHAICHTZEL CUEY
%, FEDO#HEREIFEE (Andrew Subudhi)

TNVEIE3HTHY, BRI oEmIUEDO 2 7 =X
LFERAD 70 DR EN IsfE w2 E ST H TIN5
e otz

Lo LAEBRE L, EHENEOZ/LSER, 356
WREIREDY v BB B \NIEZ L, DT
J—=ZXFTNThHb, LIzNoT. IN5DOHRITH
RRB T A, BAIIEHBNEOH N MAE R %
WHIE, 2EERETIIEI T LW RE %L
T, *NEEBRIIKEEL 72, WERE ¥ KR REREE
T RMHEEE L. 2o/, BEENERIED /2012,

0180



BHEANDO S DETEAEY 2 FEA L, BHENEZH#
EL7ze IHWHENELEMIEE72012, B2
BARITV, 20L& IOFEEIME,. FRBMEINR T
W, BHENELEGHDE L 72, 2 OREER, KEEE
BEICX Y amEIBEEFIERICHER CEL) L
72, EENEEZDOLTMIERT 21288 F 577,
BARFZ Lz, MEOMEMEDIZEALEL
motze ZOERBRTIIEBRERD £7207<. Tl
HEBRTH D720, SHRIDLRIWIENLETH D
(F— Y RREED2D X514 FIEAED).

5. EFEDIRER

A, Bailey IfERDIREH &1 X E Y, QS
IR T AF7-BET NV EIEL LS e HA T
%, fEIZE 23, WEHEBRRE O EENOF
TN v ZADOREE 2 BEARB L, NS
WEET 27U 7HIED 1 OTHDZ7 A O d A b
DENZDL7-6 L, SHZEEL COEBERE
FIERZTELTHINDTHD, 7ALOHY A MIMK
DIMEFEERIZEGE 2 82 L ¢, MR AE T oo B $E k%
BEDHEFFICTFES L TWB 2 b, ZOHEMICEY
SEEILRORELHATE 2D 20, 2
ORHfE B ARIEF I M EEE LT Y. 2GR
T LDMNAEINT D &N A 720,

6. mUEDYRY

Bartsch & Swenson 23AEEERIG L 72483 DR T,
2HEUTRED Y 27 DOKNIRD & 5123 DK 5
INBEL T3, 7. 2EREWHEOY 27 14
2 DlE, 55 2,500m B E T, 1 HOESSE

M500m LT THdZ e, ZNF TIZAaE LR,
K E B X O SRR OB ERE A7 N2 L
REBBTONT VDB, URIZBFEEDEHEIZ,
T 2,500m BLE T, 1 HOEEEE S 500m BL
FTHBz e, BiZ1 HiZ3,000m ML EDOEEIZ—
RUCEET 228, T2 CIAEEEILIFER,
K E B L R OB ERE R B - i &
I, HENARHLZE, REBBTFLNTWD,
U227 NREICEAEIE, 1 HOEEEE 500m 2L
ETHY, 1 OoXORETORELGEGGE M 4,000m 2L
Eehrze, BIUEECEEELER, SHfi
KIES L OEHBGZIEEOBERENH 5 Z L 72 & 235
Feontna,

TABLE 1. RISK ASSESSMENT FOR ACUTE
HIGH ALTITUDE [LLNESSES*

Low
* Slow ascent (<500m/day above 2500 m)
* No history of AMS, HACE or HAPE with comparable
previous exposure
* Ascent >500 m/day above 2500 m in pre-acclimatized
individuals (exposure <3000m in preceding weeks)
Moderate
¢ Unknown history of AMS, HACE or HAPE and ascent
> 500 m/day above 2500 m
* Unknown history of AMS and ascent to over 3000 m in
one day
High
¢ Unknown history of AMS, HACE or HAPE and very
rapid ascents (considerably >500m/day) and final
altiude >4000m
* History of AMS, HACE or HAPE with comparable
previous exposure

*altitudes given in the table refer to altitudes at which one sleeps.
AMS, acute mountain sickness; HACE, high altitude cerebral
edema; HAPE, high altitude pulmonary edema.

Bartsch and Swenson, 2014
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Prevention

* Pre Acclimatization
— Hiking above 3000m
— Nights above 2000m
* Slow Ascent
—300-500 m/day above 2500-3000m.
— Rest days
* Drugs
— Acetazolamide: 125-250mg x 2-3 times/day
— Dexamethasone: 4 mg 2-3 time/day

Adapted from Bartsch & Swenson, 2014
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