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Elevation 8,848 m (20 P)j

Eﬁmﬂeﬂwepal.and»cmna '

e (B m— e
= Easiest route: South Col (Nepal)

= First ascent

— May 29 1953,Sir Edmund
Hillary [at the age of 33] o or [ [t i N ;
(7/1919-1/2008) & Tenzing 2 : [ T
Norgay . = e
—May.8 1978, Reinhold Messner
& Peter Habeler without

Supplementany/ exyoen
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~ = >1500m (4900 ft)
T ——
= |ntermediate: 1500m - 2500m
= High: 2500m - 4000m

= Very high: 4000m - 5500m

= Extreme high: >5500m i




* P ——

- Intermedlate—‘~—- — = Highraltitide —
= 2500m - 4000m

1500m
_ = Jin arterial O2 saturation
= Jexercise performance . \arked hypoxemia may

= Talveolar ventilation occur during exercise or

il . sleep
- !\IO maj_or impairment = Adaptation not sufficient
erial O2 transport

reguired et
llness can occur
Wit rapld ascent

= Most case of altitude
2500m medial problem occur In
this range

> Start t0 occur at ~



>+

: -eTthgh altltude-—-' = Extremealtitude

= 4000m - 5500m = >5500m
= Abrupt ascent dangerous - S€Vere hypoxemia &

_ _ hypocapnia at rest
= Arterial O2 saturation not . . :
= Progressive physiological

R

maintained | deterioration despite
= Extreme hypoxemia can maximal acclimatization
occur during, sleep, g

CISE Oor Wit

ained human
habitation is impossible
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= Fall in Iinspired partial pressure of O2 (P102)

= | ower alveolar partial pressure of O2 -
(PAO2)

= Fall in arterial partial pressure of O2(Pa0O2) -

& arterial Oxygen saturationy(Saoz)
O2 delivery to tissue =»cellular

nypoxia & organ dysfunction
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e

l—msplred parﬂal—pressure of @) alongwnh
-Emometrlc-pressure on ascent to altitude
—hypoxia

" Process of body adjust to hypoxia

= Respond depend on magnitude & rate of onset of
nypoxia

IES ocho,mpensatory changes in multiple organ=

R




Clrrircartiorn to) eicolirriartzZaror

— __—._“‘—:S——:?— - -

— - m Tnthwdual varTa‘tmﬂ‘"—genetlc polymorphlsm

E——r

E‘-’l
REnIVAEliapiennadicator: Previous HX of
successfiuliascent to a similar altitude
= |nhibited by over exertion, dehydration,alcohol

= People with inadequate carotic body respond, pulmonary
or renal disease —> inadequate ventilatory respond

E
= Polycythemia & microcirculatory sludging



e Causeseibeati A CnoNEKKErRSInINERa

D.R.Snlirn & J.Gallig =i 2l: Ini.J.Sooris Ve, 1992:15

= Review of trekking deaths 1984 — mid 19¢

@eamiamf 15/100,000 trekkers
— Altitude sickness deaths 3/23 (13%)

= Mid 1987 through 1991

— Death rate of 14/100,000 (40 out of 275,950
trekkers)

— Cause of deaths

ﬂ

(0)

= Altitude sickness 10 (25%) -
= Missing & presume death 4 (10%)



| MONONELKKErS
allie gt al: Int.J.Sooris Med 1992513

— Myocardlal Infarct -4/14
— Diabetic Ketoacidosis- 3/14
— Sudden cardiac death (SCD)- 3/14
— Hypothermia- 1/14
PCVA-1/14
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- = Exam

. hé;béﬁg_m’_oqgality among climberson -
-~ . Mount Everest from 1921-2006
" 147138 mountaineers, 8030 Climbers & 6108 Sherpas

= Mortality rate in other Alpine
— Denali (6194m),Alaska, 1903-2006: 0.03% —

— Mount Rainer (4392m), Washington, 1987-1996:
0.02%

ﬂro‘rtality’ra’[‘e among mountaine bove.l:a.a&e.-"‘
W’Eﬂmaﬁmefore -
nical (roped) climbing began} was




Classification

Trauma:

- Falls
A

Obijective hazards

Non-trauma:

High altitude iliness
Hypothermia
Sudden death

Unclassified

. Disappeared:

Total

Total death rate (%)

Climbers
54 (43.2%)
34
20
46 (36.8%)
12
11
7

16

25
125
1.6

Sherpas Total
59 113
12 46
47 67

6 52
) 17
0 11
0 7
1 17
2 27
67 192
1.1 1.3

Table 2 Classification of deaths of mountaineers climbing above base camp, 1921-
2006. Values are numbers of people killed unless stated otherwise




CanadipyasellaigiskeaiRERRBYSICAINACHVIARMENV BURIAIR
Ariclres Pornchia et af: J Carclio Med: 2008, Vol 7: No 2

-~ = Ob:s er.vaneﬁmgtu—dy-m mountain of the Veneto Region _
gNorth -east Italy) from May 1999-May 2002
- Cardiovascular (CV) events
— SCD 38 (33%)
— ACS 13 (11%) -

— Stroke 5 (4%)
— 61 (52%) non-traumatic with probably CV origin

“Syncopej dyspnoea, palpitation; & other undefined -."‘
ISturba | |

events per million person-days efi physical activity.
In the mountains

= 1.02 SCDs & 0.35 ACSs per million person-days



CanaipyasellaigiskeaiREpRBYSICANACHVIWARRMENV BURIAIR
Ariclrea Poricrila gt al: J Cardio Med:2006, Vol 7: No 2

‘45""

~ = Nomajor CV events among SUbject < 401y ===

SO — : - - — B ——

—.=_>60% events recoraed In age classes > 50yr
e ——

= 83% events occurred in male (95% of SCDs & 92% of
ACSS)

= 86% of SCDs & 71% of ACS, the subjects did not practice
regular physical activity in mountain eielSeEWRENe

Most CV event occurred during exertion or immediately

ard, (74% of SCD & 85% of ACS) ...4‘
dWWW (low tem

(71% SCD & 83% ACS occurred at

altitude <1800m)



Risk Factor Prefile for Sudden Candiac Death Durng

Motrrezr rlixing
M Buriscrier et al: Int J Sporis rred 2007;25:62°1-8

iedssuddenly:

- - [ =) B --
durmg mountain h1k1ng&—randomly related control in Austria —

“‘R‘l?k‘profnesvﬁm Austrian/German males > age 34 who
suffered SCD (who died within 1hr of onset of symptom) during
mountain hiking compared to those of 537 matched controls

= Risk factor & triggering associate with SCD during hiking _
(17% vs. 0.9%; p<0.0001)
(17% vs. 4%; p<0.001)

labetes (6% vs. 1%; p <0.001) .—-_—
54 0, P <0.001)

(31%

vS. 58%; p<0.001)



High-Altitude Exposure in Patients with Cardiovascular Disease:
RiskiAssessmentaneiRiaclicaliRECOMMENEALIGNRS
Yves Allernan et al: Prog Cardiovasc Dis 2010;52:512-524

= . — Table 2
e —A - | Prerequisites, general recommendations, and contraindications to high-
altitude exposure

- Base On ava.llable da.ta General prerequisites at low altitude

e Stable clinical condition

evi d ence- based e Asymptomatic at rest
— e Functional class < II
I General recommendations at high altitude
reCO m m e n datl O nS for ® Ascent at a slow rate > 2000 m (increasing sleeping altitude by
< 300 m/d)

unacclimatized high-altitude |y

® Avoid direct transportation to an altitude > 3000 m

eXpOSU e are n Ot p 0SS | b I e Absolute contraindications to high altitude exposure

e Unstable clinical condition, ie,
- unstable angina

E G e n e ral ru I eS: kee p th e rISk - symptoms or signs of ischemia during exercise testing at low to

moderate workload (<80 W or <5 metabolic equivalents)

aS |OW aS pOSS| ble, ShOUId - decompensated ?wan failur.c

- uncontrolled atrial or ventricular arrhythmia

3 e Myocardial infarction and/or coronary revascularization in the past
be in stable and 5 o

® Decompensated heart failure during the past 3 mo

— CO m pe n Sate d Cl I n I Ca.l ® Poorly controlled arterial hypertension (blood pressure = 160/100 mm

Hg at rest, > 220 mm Hg systolic blood pressure during exercise)

’C'0ndlt.|0n a‘t J QW altltude and ® Marked pulmonary hypertension (mean pulmonary artery pressure

> 30 mm Hg, RV-RA gradient > 40 mm Hg) and/or any

‘-I/T - : pulmonary hypertension associated with functional class > II and/
ave a funCtlonaI ClaSS or presence of markers of poor prognosis*’

® Severe valvular heart disease, even if asymptomatic
Iower th a_n I I ® Thromboembolic event during the past 3 mo
e Cyanotic or severe acyanotic congenital heart disease
e ICD implantation or ICD intervention for ventricular arrhythmias in
the past 3-6 mo
e Stroke, transient ischemic attack, or cerebral hemorrhage during the
past 3-6 mo



High=Alltude ExposuenniPatientsavithiCandioye D]
Risk Assassrnent arncd Praciical Recornrneancdaiions

el
Yves Allernan gi 21): Prog Carcdiovase Dis 20°10;52:512-524

—

Patient with Hypertension e e —

— B

-

: -
S

- = BP response to high altitude exposure is

— No report of major complication in patient with HT exposure
to high altitude

— No evidence for altered prevalence of high altittide related
lliness in hypertensive patient

= Patient with Coronary artery disease :

ﬂy expeTieﬁce earlier onset & maol ue_nt-@fsympggmﬁ_“
ltitude | mfeﬁompare with that at™
EVve

i

— Travel to high altitude is C/I for after
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@ Pa‘tient with‘Cﬁﬁg*es{ive Heart Failure

H . . . .
— CHF patient likely notice reduced functional

capacity at moderate to high altitude compare
with at sea level -

to high altitude for patient with

T iy : —
Mema related
to decompensate CHK or HAPE can be

challenging in field




High Altitude Exposure in Patients With Cardiovascular Disease:

NNF O O

Yva:) rllerrrlr ll 'll r)f_)J Jarduvf!yr Dis 20° IO ,)/ Jl/ 524

= Patient with Arrhythmia
#-1—_:_—__=.|2_atientwjth-PAF/persrstent AF, advice ascertain for
rhythm/rate control especially during exercise

— Patient with paroxysmal SVT & Atrial flutter recommend
radiofrequency catheter ablation before attend high -
altitude

— Pacemaker function remain unchanged in hypobaric
amber.study strmulatrng altitude up to 4000m

— C/I for high altitude exposure in patient with



NG EFSIGKOESS

= Acute Mountain Sickness ()
= High Altitude Cerebral Edema (HACE)
= High Altitude Pulmonary Edema (-4 +)

e ——



' MOUNTAIN SICKNESS
g If you arel:af ge}'zlfq well ver 2,500m, itmay be Acu fe
Mountain Sickness (AMS ) until proven otherwise.
EARLY SYMPTOMS
d oHeadache  ®Loss of Appetite  ®Dizziness
eFatigue on Minimal Exertion
WHAT 10 DO ?
® Don't go higher, rest, drink fluids (nof Alcohol)

®Symptoms go auay=goup ® Symptoms get worse=go down

® Walking like a drunj
th at rest




= UNTS T0 REMEMBER.

———ryT

180 KERS ATTENPTING TO REACH
2%\ B THE SUNMIT SHOULD BE
. X \ 4 pHySICALLY FIT.

—
A )
8 ~fF YoU HAVE A SORE THROAT :
SN vqfﬂ.‘FULD OR BREATHING PROBLEMS "
: . \é’ no NOT GO BEYOND g i ‘.

! o5 TETRES ASL. A

. JACHILDREN UNDER 10 YRS OF AGE

. | §.ARE NOT ALLOWED ¥

N L e 7 O NG A U

¥ a 30VE 3000 METRES A.S.L.

#.IF YOU HAVE HEART OR LUNG

;2ROBLEMS DO NOT ATTEMPT THE

HOUNTAIN AT ALL WITHOUT

¢

\ : ST L
VINSULTING YOUR DOCTOR. i
LLOW PLENTY OF TIME FOR THE /

¢ I8y '@ﬁN‘LﬂNG‘SLowLY. ‘

"4 00 NOT PUSH YQURSELF TOGO
¢ IF YOUR BODY |5 EXHAUSTED gR -
8 T YOU Havg EXTREME
v, T.DRINK4-5TRES
2 EACH DAY WATER 15




AWIS
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2 -SiS typlcal D'C'CUI"ES-ﬂ:Z hours after arrlval at

new high altitude, may arise day later often

first night sleep
= Spectrum of illness and severity
= Symptom tend to worse at night

ﬁg adachels cardinal SYﬁﬁ{Qm




~ = 1991 Hypox1a=emd Meun

Dizigriosls of AVIS

g ————— c— ———

tain Medicine

‘_’:_- W—

"=""SyrrerS|trm at Lake Louise, Canada

e

2.

3.

n setting of
Present of 3 -

Plus at least one of following symptom
(anorexia, nausea, vomiting)

WM



Dz lgr 1031S Of AMS

AN and Lake*L=6ﬂ1SE Score ————— |
———— m—

= AMS score ( self report score, Q 1-5)

= AMS score (self report score + clinical B
assessment score, Q 1-8)

— Self report score
13 te 5 =mild AMS




~ | Severity

it bl ' No headache
‘ - Mild headache
Moderate headache
Severe, incapacitating headache
2. No upset

Poor appetite or nausea

Moderate nausea or vomiting

Wl RrlolwldIFR| O

|

Not tired or weak

Mild fatigue / weakness

Moderate fatigue / weakness

Severe, incapacitating fatigue

wWwiN|EFL]|O
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Self.report score | Severity, "Score:

:2% - Not dizzy 0)

e 001

Mild dizziness 1
Moderate dizziness 2 -
Severe, incapacitating dizziness 3

5. Slept well as usual 0)

Did not sleep well as,usual

Sleep

Could not sleep at all 3




i

—mChange 0
Status_ Lethargy / lassitude 1
Disoriented / confused 2
Stupor / semi-consciousness 3
7. No ataxia 0)
1

Maneuvers to maintain balance

Steps off line

Can’t stand

No

One location

Two or more location

N RO [N
0




Predictiorn of AVIE

= Rate of ascent, altitude attained (sleep
altitude) _

= Duration of exposure to altitude

meunt of exercise undertake at altitude
"‘*

ogicalisusceptibility -

| 0 S|gn|f|cant effect of age, gender, physical

fitness




AcgEiZolarr]] cJ~ (DIzrr10)

= _:—C—BTBOHIC aﬁﬁi/“rase inhibitor
" = Force kidney to excrete bicarbonate

= Re- acidification the blood

= Respiratory stimulant especially at night

L \Viake a pmcess normally, ialge 4__3,@;5._
S| UL

apoeut 1.2-24




e

= = ‘Treat/ maskiﬁe-symptem

— especially at night

where descent not possible
= Not help acclimatization -

= Not to go higher until at least 18 hrs,if use
dexamethasone

SEvere reb@und can occur if abrupt dlscog;inue oi=

-




Oxyder]

Aptom r€S‘O‘|\7€‘Ve1’y rapldly (minutes)on
moderate flow (2-4 L/min) through nasal
cannular

= Rebound symptom if duration of therapy'is
Inadeguate

T







ESM
EEAK BRENES 5
E5MATEM .

AER—-RERE. BER 8

RITHRE: (REZR) 2005-2 e8sop-g

EEHIIES: 111020050288 |
=3 (2006) 00238

ERERD: 1. 4Mpa(20°C)

FRHUE. 99.5%

ARAE: UL

RRY: EREUTREN_S

TERYRER

BEFEL T ERAR ;

ﬂflt: BEDFHRGHA 5 000

BiE: 028-83920067 83922180 -

Wi http://www. cdxin ju. com







s SEIR i CRETC0)Y

STOTEDE ypeTiaNehag..T% %% T
- =-Gamow Bag, Certec Bag, PAC (portable altitude

chamber)
= Air impermeable bags complete envelop the
patient E
= |nflated to significant pressure above ambient
atmosphere ‘
2liysiological descent + oxygen B e —
stﬁmWNch bag

— e.g. at 4250m inside bag ~ 2100m






13.500/4.000 ~

7.000/2,000 A

Everest

McKinley (Denali)

AMBIENT CONDITIONS INSIDE GAMOW BAG
Feel mm Hg Melers Feel mm H A Change (
0 760 -1022 3353 863 3353
084 7l 51 264 34 48
1969 105 495 -164 808 3593
2953 679 232 161 782 14
3937 654 p I 151 3859
4921 630 288 045 133 76
5906 607 335 1755 110 4151
6890 - 84 198 2018 687 a°n
7874 562 1054 3458 665 #“l6
8859 541 1310 4208 645 4561
0843 2 1553 5102 626 44l
10827 503 1805 922 607 4905
11812 484 2053 6736 588 5076
12796 466 2299 7543 570 5253
13780 449 2544 8347 553 5433
14765 433 2187 9144 531 5621
15749 417 3028 9935 521 5814
5100 16733 401 3268 10722 505 6011
5400 17717 387 3505 11500 491 6217
5700 18702 n 3741 12274 476 6428
6000 19686 359 3975 13042 463 6644
6300 20670 345 4206 13800 49 6870
6600 21655




NAT R

Ginkgo Bilobe
100~y




—

Peru, Colombia, Ecuador, |
Vnenzula, Bolivia

Herbal tea with mild stimulant
effect

Raw material for manufacture of

cocaine
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== Presence of a change in mental status and / or

ataxia in a person with / without AMS

= |ncidence -

— ~ 1% of persons travel > 4000m
— ~ 3% of those with AMS

itheut prempt treatment, further neurological et

rierat%-ii It (T I.-".imitr- niationciise




- Tandem gait test

= Not affect finger - nose test

= | ake Louise Consensus
— In setting of recent
= -ntherpresence of a change in mental status

——

* ce of both mental status:change and
ataxia in a person without AMS -
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= |f descent not possible

= 8 mg IMI stat then 4 mg IMI / PO Q6H.... —

= 4 |/m flow of 4-6 hours

R

= Require 4-6 hrs treatment




AltitudeRPulmenan.Edema
Q J.I_\J_)'_' T —

——m Occurflrst 1‘2h‘da‘ys—after arrlve at altltude

>2500, usually on second night after ascent

= Not necessary preceded by AMS
= 50% HAPE have AMS
= 14% HAPE have HACE

B TR

—— el
B - e e ——

"



LAKE LOUISE \LULISE]

elexiiglitlei el El AR =

el D
e - — .——~—__

— "inseﬁmg of S rgeart ozl Ir altltude the presence DIl e —
_=_f.ellewmgﬁ

= Symptoms: of:
— Dyspnoea at rest
— Weakness or decreased exercise performance -
— Cough
— Chest tightness or congestion
Sign: of:

rackles or wheezing in at least one lung field
— Central cyanosis



o —

e cot———

1 Eay ' is critical
> . .
= Greatest threat i1s own failure to accurately

assess a dangerous situation & respond

approprlately (James A.Litch. ET intuabation & Mechanical Ventilation
following respiratory arrest from HAPE; WJM,Mar 1999-vel 170,No 3)

‘fnprové rapidly with descel ,_Saeéﬁﬂﬁms
' a Scent (esp to previous

asymptomatic level)

= Additional causes of pulmonary compromise:
pneumonia; cardiogenic pul edema; ARDS; PE



Vlzirizig errierit of rIAPE

- Yvawiata —— =,
|

—
— Life saving If available

— 4 L/min x 4-6 hour
= Nifedipine (Adalat) - =

— Useful when oxygen unavailable

— vasodilatation— ¥ pulmonary hypertension
mg; sta 4H PO -‘—4

' eatment

— Dramatic improvement
— 2-4 hour of treatment

A g

B



BrEVErIon Of Altice 17
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THE GOLDEN RULES & Cradua oo
ALTlTUDE " Climb g, STeer—

1 ) TF You ARE TLL AT ALTITUDE ASSUME IT IS - _If _feel L.ane|_| at altltUd_e’
PR TTLDE (AT PROVEDS it is altitude illness until
2) 0 NOT AsceNd WITH SYMPTOMS proven otherwise

A QRN = Never ascent with -
WORSEN —>DESCEND symptom of AMS

.

4‘ ONLY ASceNd 300-400m PER. DAY AND :
4 TAKE A REST DAY EVERY 1000»47 A = IT getting worse, go

5)130 NOT LEAVE A PERSON WITH down at once
ALTITUDE TLLNESS ALONE



Questions ?

= Thanks You

b




