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Mount Everest 

 Elevation 8,848 m (29.028 ft) 

 Location: Nepal and China 
(Tibet) 

 Easiest route: South Col (Nepal) 

 First ascent 

– May 29 1953,Sir Edmund 
Hillary [at the age of 33] 
(7/1919-1/2008) & Tenzing 
Norgay 

– May 8 1978, Reinhold Messner 
& Peter Habeler without 
supplementary oxygen 

 

 



 







Classification of high altitude 

 > 1500m (4900 ft) 

 Intermediate: 1500m - 2500m 

 High: 2500m - 4000m 

 Very high: 4000m - 5500m 

 Extreme high: >5500m 



 Intermediate 

 1500m - 2500m 

 exercise performance 

 alveolar ventilation 

 No major impairment 

in arterial O2 transport 

 Adaptation is sufficient 

 AMS start to occur at ~ 

2500m 

 High altitude 

 2500m - 4000m 

 in arterial O2 saturation 

 Marked hypoxemia may 
occur during exercise or 
sleep 

 Adaptation not sufficient 

 Acclimatization required 

 Altitude illness can occur 
with rapid ascent 

 Most case of altitude 
medial problem occur in 
this range 

 



 Very high altitude 

 4000m - 5500m 

 Abrupt ascent dangerous 

 Arterial O2 saturation not 

maintained 

 Extreme hypoxemia can 

occur during sleep, 

exercise or with illness 

 HAPE / HACE most 

common 

 Extreme altitude 

 >5500m 

 Severe hypoxemia & 
hypocapnia at rest 

 Progressive physiological 
deterioration despite 
maximal acclimatization 

 Acclimatization not 
possible 

 Sustained human 
habitation is impossible 



High Altitude 

 Hypobaric hypoxia 

 Fall in inspired partial pressure of O2 (PIO2) 

 Lower alveolar partial pressure of O2 

(PAO2) 

 Fall in arterial partial pressure of O2(PaO2) 

& arterial oxygen saturation (SaO2) 

 Reduction in O2 delivery to tissue cellular 

hypoxia & organ dysfunction  



Physiology 
Altitude 

(m) 

PaO2 

(mmHg) 

SaO2 % PaCO2 

(mmHg) 

Sea 

level 

90-95 96 40 

1524 75-81 96 35.6 

2286 69-74 92-93 31-33 

4572 48-53 86 25 

7620 32-39 68 13 

8848 26-33 58 9.5-13.8 



Acclimatization 

  inspired partial pressure of O2 along with 
barometric pressure on ascent to altitude 
hypoxia 

 Process of body adjust to hypoxia 

 Respond depend on magnitude & rate of onset of 
hypoxia 

 Series of compensatory changes in multiple organ 
systems over difference time course form days to 
weeks 



Limitation to acclimatization 

 Individual variation, genetic polymorphism 

 Only reliable indicator: previous Hx of 

successful ascent to a similar altitude 

 Inhibited by over exertion, dehydration, alcohol 

 People with inadequate carotic body respond, pulmonary 

or renal disease  inadequate ventilatory respond 

 Rt ventricular strain form excessive pulmonary 

hypertension 

 Impair renal function 

 Polycythemia & microcirculatory sludging 



The Causes of Death Among Trekkers in Nepal 
D.R.Shlim  &  J.Gallie et al: Int.J.Sports Med,1992:13 
 

 Review of trekking deaths 1984 – mid 1987 

– Death rate of 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 

 Non altitude illness 14 (35%) 

 Trauma 12 (30%) 

 Altitude sickness 10 (25%) 

 Missing & presume death 4 (10%) 

 

 



The Causes of Death Among Trekkers in Nepal 
D.R.Shlim & J.Gallie et al: Int.J.Sports Med,1992;13 
 

 Non altitude illness 14 (35%) 

– Myocardial Infarct -4/14 

– Diabetic Ketoacidosis- 3/14 

– Sudden cardiac death (SCD)- 3/14 

– Hypothermia- 1/14 

– ?CVA- 1/14 



Mortality on Mount Everest,1921-2006: descriptive study 
Paul G Firth et al: BMJ 2008;337:a2654 

 

 Examine patterns of mortality among climbers on 

Mount Everest from 1921-2006 

 14138 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%  

 Mortality rate among mountaineers above base 

camp {final encampment on any route before 

technical (roped) climbing began} was 1.3% 



Classification Climbers Sherpas Total 

Trauma: 54 (43.2%) 59 113 

Falls 34 12 46 

Objective hazards 20 47 67 

Non-trauma: 46 (36.8%) 6 52 

High altitude illness 12  5 17 

Hypothermia 11 0 11 

Sudden death 7 0 7 

Unclassified 16 1 17 

 

Disappeared: 25 2 27 

Total 125 67 192 

Total death rate (%) 1.6 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 



Cardiovascular risk during Physical Activity in the Mountains 
Andrea Ponchia et al: J Cardio Med:2006, Vol 7: No 2 

 Observational study in mountain of the Veneto Region 

(North-east Italy) from May 1999-May 2002 

 117 Cardiovascular (CV) events 

– SCD 38 (33%) 

– ACS 13 (11%) 

– Stroke 5 (4%) 

– 61 (52%) non-traumatic with probably CV origin 

(syncope, dyspnoea, palpitation & other undefined 

disturbances) 

 3.13 CV events per million person-days of physical activity 

in the mountains 

 1.02 SCDs & 0.35 ACSs per million person-days 



Cardiovascular risk during Physical Activity in the Mountains 
Andrea Ponchia et al: J Cardio Med:2006, Vol 7: No 2 

 No major CV events among subject < 40 yr 

 >60% events recorded in age classes > 50yr 

 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 or elsewhere 

 Most CV event occurred during exertion or immediately 

afterward (74% of SCD & 85% of ACS) 

 Altitude & other typical aspect of mountain (low temp & 

difficulty terrain) not seem to play a significant role in 

determine the event (71% SCD & 83% ACS occurred at 

altitude <1800m)  

 



Risk Factor Profile for Sudden Cardiac Death During 

Mountain Hiking 
M Burtscher et al: Int J Sports med 2007;28:621-624 

 9 yrs. case-control analysis between persons who died suddenly 

during mountain hiking & randomly related control in Austria 

 Risk profiles of  179 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 

– Prior MI (17% vs. 0.9%; p<0.0001) 

– Known CAD without prior MI (17% vs. 4%; p<0.001) 

– Diabetes (6% vs. 1%; p <0.001) 

– Hypercholesterolemia (54% vs. 20%; p <0.001) 

– Less engaged in regular mountain sports activities (31% 

vs. 58%; p<0.001) 

 



High-Altitude Exposure in Patients with Cardiovascular Disease: 

Risk Assessment and Practical Recommendations 
Yves Alleman et al: Prog Cardiovasc Dis 2010;52:512-524 

 Base on available data, 

evidence-based 

recommendations for 

unacclimatized high-altitude 

exposure are not possible 

 General rules: keep the risk 

as low as possible; should 

be in stable and 

compensated clinical 

condition at low altitude and 

have a functional class 

lower than II 



High-Altitude Exposure in Patients with Cardiovascular Disease: 

Risk Assessment and Practical Recommendations 
Yves Alleman et al: Prog Cardiovasc Dis 2010;52:512-524 

 Patient with Hypertension 

– BP response to high altitude exposure is unpredictable & 

variable 

– No report of major complication in patient with HT exposure 

to high altitude 

– No evidence for altered prevalence of high altitude related 

illness in hypertensive patient 

 Patient with Coronary artery disease 

– May experience earlier onset & more frequent of symptoms at 

altitude for a given amount of exercise compare with that at 

sea level 

– Travel to high altitude is C/I for at least 3 months after ACS, 

MI, percutaneous or surgical coronary revascularization 



High-Altitude Exposure in Patients with Cardiovascular Disease: 

Risk Assessment and Practical Recommendations 
Yves Alleman et al: Prog Cardiovasc Dis 2010;52:512-524 

 Patient with Congestive Heart Failure 

– CHF patient likely notice reduced functional 

capacity at moderate to high altitude compare 

with at sea level 

– Not travel to high altitude for patient with severe 

functional limitation, clinical/biochemical sign of 

fluid retention 

– Distinction between pulmonary edema related 

to decompensate CHK or HAPE can be 

challenging in field 

  



High-Altitude Exposure in Patients with Cardiovascular Disease: 

Risk Assessment and Practical Recommendations 
Yves Alleman et al: Prog Cardiovasc Dis 2010;52:512-524 

 Patient with Arrhythmia 

– Patient with PAF/persistent 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 

chamber study stimulating altitude up to 4000m 

– No data on patient with implantable cardiover-

defibrillators (ICDs) at high altitude 

– C/I for high altitude exposure in patient with uncontrolled 

ventricular arrhythmia, recent ICD implant & patient with 

recurrent ICD intervention 

 



Altitude Sickness 

 Acute Mountain Sickness (AMS) 

 High Altitude Cerebral Edema (HACE) 

 High Altitude Pulmonary Edema (HAPE) 







AMS 

 S/S typical occur 6-12 hours after arrival at 

new high altitude, may arise day later often 

first night sleep 

 Spectrum of illness and severity 

 Symptom tend to worse at night 

 Headache is cardinal symptom 



Diagnosis of AMS 

 1991 Hypoxia and Mountain Medicine 
Symposium at Lake Louise, Canada 

1. In setting of recent gain in altitude > 2500m 

2. Present of headache 

3. Plus at least one of following symptom 

• GI (anorexia, nausea, vomiting) 

• Fatigue or weakness 

• Dizziness or light headedness 

• Difficulty sleep 

 



Diagnosis of AMS 

 AMS and Lake Louise Score 

– Criteria  1 to 3 plus total score of at least 

 AMS score 3 ( self report score, Q 1-5) 

 AMS score 5 or >  (self report score + clinical 

assessment score, Q 1-8) 

– Self report score 

 3 to 5 = mild AMS 

 6 or > = severe AMS 

– Serial assessment for respond to treatment 

 



AMS score 
Self report score Severity Score 

1. Headache No headache 0 

Mild headache 1 

Moderate headache 2 

Severe, incapacitating headache 3 

2. GI No upset 0 

Poor appetite or nausea 1 

Moderate nausea or vomiting 2 

Severe nausea & vomiting 3 

3. Fatigue / weakness Not tired or weak 0 

Mild fatigue / weakness 1 

Moderate fatigue / weakness 2 

Severe, incapacitating fatigue 3 



AMS score 

Self report score Severity Score 

4. Dizziness / 

lightheaded 

Not dizzy 0 

Mild dizziness 1 

Moderate dizziness 2 

Severe, incapacitating dizziness 3 

5. Difficulty sleeping Slept well as usual 0 

Did not sleep well as usual 1 

Woke many times, poor night’s 

sleep 
2 

Could not sleep at all 3 



AMS score 
Symptom score Severity Score 

6. Change in mental 

status 

No change 0 

Lethargy / lassitude 1 

Disoriented / confused 2 

Stupor / semi-consciousness 3 

7. Ataxia (heel to toe   

walking) 

No ataxia 0 

Maneuvers to maintain balance 1 

Steps off line 2 

Falls down 3 

Can’t stand 4 

8. Peripheral edema No 0 

One location 1 

Two or more location 2 



Prediction of AMS 

 No reliable predictors 

 Previous altitude experience 

 Rate of ascent, altitude attained (sleep 
altitude) 

 Duration of exposure to altitude 

 Amount of exercise undertake at altitude 

 Underling physiological susceptibility 

 No significant effect of age, gender, physical 
fitness 



Acetazolamide (Diamox) 

 Carbonic anhydrase inhibitor 

 Force kidney to excrete bicarbonate 

 Re- acidification the blood 

 Respiratory stimulant especially at night 

 Net effect to accelerate acclimatization 

 Make a process normally take 24-48 hrs 
speed up to about 12-24 hrs 

 Not immediate cure of AMS 



Dexamethasone 

 Treat / mask the symptom 

 Emergency drug, buys time especially at night 
where descent not possible 

 Not help acclimatization 

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

 Severe rebound can occur if abrupt discontinue of 
medication 

 



Oxygen 

 Symptom resolve very rapidly (minutes) on 

moderate flow (2-4 L/min) through nasal 

cannular 

 Rebound symptom if duration of therapy is 

inadequate 



 

 





 



Hyperbaric therapy 

 Portable hyperbaric bag 

 Gamow Bag, Certec Bag, PAC (portable altitude 
chamber) 

 Air impermeable bags complete envelop the 
patient 

 Inflated to significant pressure above ambient 
atmosphere 

 Physiological descent + oxygen 

 Extend descent depends on altitude which bag 
use 
–  e.g. at 4250m inside bag ~ 2100m 





 



Ginkgo biloda 



CoCa 

 Peru, Colombia, Ecuador, 

Vnenzula, Bolivia 

 Herbal tea with mild stimulant 

effect 

 Raw material for manufacture of 

cocaine 





High altitude cerebral edema 

(HACE) 
 End stage / severe AMS 

 Presence of a change in mental status and / or 
ataxia in a person with / without AMS 

 Incidence 
– ~ 1% of persons travel > 4000m 

– ~ 3% of those with AMS 

 Without prompt treatment, further neurological 
deteriorate & death (from brain herniation) are 
likely 



Diagnosis 

 Clinical 

 Tandem - gait test 

 Not affect finger - nose test  

 Lake Louise Consensus 

– In setting of recent gain in altitude 

– Either presence of a change in mental status 
and/or ataxia in a person with AMS 

– Or presence of both mental status change and 
ataxia in a person without AMS 



Treatment 

 Do not delay descent 

 If descent not possible 

– Dexamethasone 
 8 mg IMI stat then 4 mg IMI / PO Q6H 

– Oxygen 
 4 L/m flow of 4-6 hours 

– Hyperbaric treatment 
 Dramatic improve in mental status (in hours) 

 Require 4-6 hrs treatment 



High Altitude Pulmonary Edema 

(HAPE) 

 Occur first 1-4 days after arrive at altitude 

>2500, usually on second night after ascent 

 Not necessary preceded by AMS 

 50% HAPE have AMS 

 14% HAPE have HACE 

 Most common cause of death related to high 

altitude, rapidly fatal within few hours 

 



Lake Louise Consensus 

definition of HAPE 
 In setting of a recent gain in altitude, the presence of the 

following: 

 Symptoms: at least two of: 

– Dyspnoea at rest 

– Weakness or decreased exercise performance 

– Cough 

– Chest tightness or congestion 

 Sign: at least two of: 

– Tachypnoea 

– Tachycardia 

– Crackles or wheezing in at least one lung field 

– Central cyanosis 

 



Management of HAPE 

 Early diagnosis is critical 

 Greatest threat is own failure to accurately 

assess a dangerous situation & respond 

appropriately (James A.Litch. ET intuabation  & Mechanical Ventilation 

following respiratory arrest from HAPE;  WJM,Mar 1999-vol 170,No 3) 

 Urgent descent 

– Improve rapidly with descent only 500-1000m 

– Persistent symptom after descent (esp to previous 

asymptomatic level) 

 Additional causes of pulmonary compromise: 

pneumonia; cardiogenic pul edema; ARDS; PE  

 

 

 



Management of HAPE 

 Oxygen 
– Life saving if available 

– 4 L/min x 4-6 hour 

 Nifedipine (Adalat) 
– Useful when oxygen unavailable 

– vasodilatation  pulmonary hypertension 

– 20mg stat then 10mg Q4H PO 

 Hyperbaric treatment 
– Dramatic improvement 

– 2-4 hour of treatment 



Prevention of Altitude Illness 

 Gradual ascent 

 Climb high, sleep low 

 If feel unwell at altitude, 

it is altitude illness until 

proven otherwise 

 Never ascent with 

symptom of AMS 

 If getting worse, go 

down at once 

 



 
Questions ? 

 

Thanks You 


