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Barometric pressure and partial pressure of 
oxygen decrease with altitude
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High altitude (>2500m)

Altitude at which the oxygen saturation of 
hemoglobin is < 90%.



Adaptation mechanisms at high-altitude ?



• Erythrocytosis

Adaptation to altitude

•Increased affinity oxygen-
hemoglobin

• Pulmonary  vasoconstriction, 
cerebral/muscular vasodilation

• Increased ventilation and 
cardiac output





Oxygen content is preserved at altitude <7000m

Grocott et al. N Engl J Med 2009
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Summary



Diagnosis and pathophysiology of high-altitude illnesses?



Acute mountain sickness (AMS)

High-altitude cerebral edema (HACE)

High-altitude pulmonary edema (HAPE)

Chronic mountain sickness (CMS)

High-altitude diseases



Which are the most characteristic symptoms of acute mountain sickness (AMS)

a) insomnia
b) dizziness
c) fatigue
d) abdominal pain
e) confusion
f) headache
g) diarrhea
h) ataxia
i) nausea or vomiting



Existing AMS diagnostic scores



Lake Louise Score of AMS

Headache (0 - 3) (absent, mild, moderate, severe)

Nausea, vomiting (0 - 3) (absent, mild, moderate, severe)

Fatigue (0 - 3) (absent, mild, moderate, severe)

Dizziness (0 - 3) (absent, mild, moderate, severe)

Difficulty sleeping (0 - 3) (normal - no sleep at all)

AMS = (Headache +) Symptoms Score ≥ 3



AMS prevalence



High-altitude cerebral edema (HACE)

• AMS for >24 hours, 
plus one/or both of the following:

• Ataxia
• Mental confusion
• (Coma)



Pathophysiology of AMS-HACE



High-altitude pulmonary edema (HAPE)

Normal HAPE
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2) Which are the most characteristic symptoms of altitude pulmonary edema (HAPE) ?

a) fatigue
b) dizziness
c) headaches
d) dyspnea
e) diarrhea
f) cough
g) ataxia
h) nausea or vomiting
i) drowsiness, coma
l) fever



HAPE, clinical features

36 to 72 hours (!) after ascent
to high altitude:

• shortness of breath
• dry cough
• fever
• weakness



Pathophysiology pulmonary edema

Pulmonary edema

Capillary pressure Permeability
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HAPE is associated with exaggerated 
pulmonary hypertension

Pulmonary artery 
pressure (mmHg)

Incidence of HAPE 
(%)

HAPE-
Prone

Controls HAPE-
Prone

Controls
Scherrer U. et al, NEJM, 1996;334:624-9.
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Prevention of exaggerated pulmonary hypertension 
decreases the incidence of HAPE

Pulmonary–artery pressure 
(mmHg)

Placebo Nifedipine
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*

*



However, pulmonary artery hypertension is unfrequently 
associated with pulmonary edema.

Hypothesis

In order to cause lung edema, hypoxic pulmonary 
vasoconstriction needs to be inhomogenous :

Zones with vasoconstriction: protected from edema

Zones without vasoconstriction: prone to edema



Hypoxia 

Exaggerated pulmonary 
vasoconstriction (non uniform)

Exaggerated intracapillary pressure

Capillary leak

High-altitude pulmonary edema

Fluid accumulation in the lung

36 – 72 hours



Capillary stress failure

West JB, J Appl Physiol. 2000;89:2483-9

http://www.chestjournal.org/cgi/content/full/120/5/1686/F3
http://www.chestjournal.org/content/vol120/issue5/images/large/cb0914001003.jpeg
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High-altitude retinopathy



Transient perinatal hypoxia predisposes to exaggerated 
hypoxic pulmonary hypertension, but not to HAPE

Pulmonary artery 
pressure (mm Hg)

Incidence of HAPE 
(%)

Perinatal 
hypoxia

HAPE-
prone Controls Perinatal 
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prone Controls
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Sartori et al, Schweiz Med Wschr, 2000;130:385-9.



Pulmonary edema

Capillary pressure Increased permeability

Alveolar fluid clearance

Pathophysiology
Impaired alveolar fluid clearance



Sartori et al., N Engl J Med, 2002;346:1631-6

Alveolar fluid clearance



HAPE-prone Controls

Nasal PD 
(mV)

Defective transepithelial sodium transport, and in turn, 
alveolar fluid clearance in HAPE-prone subjects
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Sartori C. et al., N Engl J Med, 2002;346:1631-6.
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Salmeterol inhalation stimulates alveolar fluid clearance 
and prevents pulmonary edema in HAPE-prone subjects

Sartori C. et al., N Engl J Med, 2002;346:1631-6.

* p=0.02 vs. placebo

Placebo Salmeterol
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Impaired respiratory 
transepithelial sodium transport

Endothelial 
dysfunction

Exaggerated hypoxic 
pulmonary hypertension

Acquired impairment of 
alveolar fluid clearance

HypoxiaHypothermia

HAPE

Augmented alveolar 
fluid flooding

Sympathetic 
overactivity

Genetic
Epigenetic

PFO
Genetic



Who is predisposed to these diseases ?

Everyone, 

… but the individual predisposition is very 
difficult to evaluate before the exposure





Risk factors



Cardiac

Hypertension

Vascular

Pulmonary

Hematological

Obesity Age

Risk factors: comorbidities

Metabolic



Absolute contre-indications to high-altitude exposure ?



Contre-indications à l’altitude

Relatives

• Insuffisance cardiaque compensée
• Cardiopathie ischémique avec test 

d’effort négatif
• BPCO de degré léger à modéré
• Insuffisance rénale
• Grossesse
• Antécédent de HACE ou HAPE

Absolues

• Insuffisance cardiaque avec FEVG 
< 30%

• Angor instable, infarctus du myocarde 
< 3 à 6 mois

• AVC < 3 mois
• HTAP symptomatique
• Hypertension artérielle non contrôlée
• Maladie thromboembolique (?)
• BPCO modéré à sévère
• Insuffisance respiratoire 



COPD and cystic fibrosis at altitude
Increased mortality and incidence of cor pulmonale

More severe hypoxemia at rest and during exercise

Threshold fixed by ATS:  PaO2 > 73 mmHg (sea level)

PaO2 > 50 mmHg (altitude)

Lack of symptoms of severe hypoxemia in many patients

Disease-induced acclimatization ?



COPD at altitude
Recommendations

PaO2 alt3000m = (0.519 x PaO2) + (11.85 X FEV1) – 1.76

Simulated altitude exposure test

Supplemental oxygen if PaO2 alt < 50-55 mmHg



Pulmonary hypertension
Increased risk for HAPE and acute right heart failure

CAVE: Exercise and stress

Recommendations

Avoid travel to high altitude if systolic PAPaltitude > 45mmHg

Supplemental oxygen

Vasodilators (Nifedipine, Sildenafil)



Non-pharmacological and pharmacological 
prevention ?



3) Increased hydration is recommended to prevent acute mountain sickness.
a) True
b) False
c) I don't know

4) Good physical condition prevents altitude-related illnesses.
a) True
b) False
c) I don't know



5) Which is the ideal ascension rate (increase in altitude of sleep location
between two nights) above 2500m ?

a) 200 to 300 m
b) 300 to 500 m
c) 500 to 700 m
d) 700 to 1000m



4. Prevention 



6) Find the appropriate drugs for the prevention of acute 
mountain sickness (AMS) and rank them in order of preference.

a) NSAIDs (anti-inflammatory, aspirin, ibuprofen,...)
b) Zolpidem
c) Acetazolamide
d) Gimko Biloba  
e) Nifedipine
f) Dexamethasone 
g) Coramine  
h) Paracetamol
i) Coca leafs



PREVENTION

AMS HACE HAPE
Avoid direct transport to an altitude >2’750 m

Ascend at a slow rate (increase sleeping altitude by 300 m/day on average)
Avoid overexertion, alcohol, and hypnotics

High carbohydrate diet
Adequate fluid intake (Keep hydrated! Keep hydrated! Keep hydrated!)

Acetazolamide
(125-250 mg twice daily,

day -1 to day 3)

Dexamethasone
(2-4 mg every 6 hrs, day 

1 to 3, then tapered
over 1 to 3 days)

Dexamethasone ?
(2-4 mg every 6 hrs, day 

1 to 3, then tapered
over 5 days)

Nifedipine
(30 mg slow-release/day 

Day -3 to 0; then 30 mg every 
12 hrs for 5 to 7 days)

Salmeterol
(2 x 4 puffs/day, 

starting at day -2)

Dexamethasone (2x4mg/day) 
Tadalafil (2x10 mg/day)



Treatment ?



7) When climbing a 4000m, your patient complains of fatigue and
headaches shortly after leaving the cabin. What do you suggest?

a) Hydration, acetazolamide, rest 15 minutes, then continue the ascent
b) Hydration, painkillers, rest 15 min, then continue the ascent
c) Hydration, rest 15 min, then continue the ascent
d) Hydration, pain relief and descent
e) Hydration, dexamethasone and descent



8) 30 minutes before reaching a summit at 4800m, your client has persistent
headache, dizziness, and you notice that his gait is difficult. He loses balance
several times and his talk is inconsistent. What do you suggest?

a) Painkillers, hydration, then continue the ascent
b) Painkillers, hydration, dexamethasone then continue the ascent
c) Painkillers, hydration, rest, descent if no improvement.
d) Painkillers, hydration, acetazolamide and immediate descent
e) Painkillers, hydration, dexamethasone, immediate descent
f) Painkillers, hydration, nifedipine, immediate descent.



9) Which of the following medications are indicated for the 
treatment of high altitude pulmonary edema (HAPE)?

a) NSAIDs (anti-inflammatory, aspirin, ibuprofen,...)
b) Acetazolamide
c) Gimko Biloba
d) Nifedipine
e) Paracetamol
f) Coramine
e) Dexamethasone
f) Salmeterol
g) Tadalafil
h) Zolpidem



TREATMENT: DESCENT



Oxygen

At altitude, the administation of 1-2 L/min 
of oxygen is equivalent to a descent of 

about 800-1000m



TREATMENT

AMS HACE HAPE
Paracetamol/
Antiemetics

Dexamethasone
(4-8 mg every 6 

hours)

Acetazolamide
(250-500 mg every 8 

hours)

Oxygen/Hyperbaric 
chamber/Descent

if severe

DESCENT

Oxygen/Hyperbaric 
chamber

Dexamethasone
(4-8 mg every 6 

hours)

DESCENT

Oxygen/Hyperbaric
chamber

Nifedipine
(30 mg slow-release 

every 8 hours)



Medications
Analgetics (paracetamol, AINS)

Anti-hemetics (métoclopramide)

Acetazolamide

Dexamethasone / Prednisone

Nifedipine / Tadalafil / Salmeterol



Analgetics 

Start rapidly

Altern paracetamol and NSAD

Ibuprofen > others NSAD (?)



Acetazolamide (Diamox)

Induces a metabolic acidosis
Increases ventilation

Decreases permeability (?)

Takes up to 3-12 hours to be effective
Better for prevention than treatment of AMS

Cave: side effects !!



Dexamethasone / Prednisone

Very efficient for prevention (AMS, HACE, HAPE)
and treatment (AMS, HACE)

Decreases the sympathetic activation and reduces
permeability

BUT…

Multiples et important side effects!!!!

Should not be used for repeated exposures !!!



Nifedipine / Tadalafil

Pulmonary vasodilator

For both prevention and treatment of HAPE

No effects on AMS et HACE !!!

May induce severe headache

CAVE: Hypotension !!!



How can we predict high-altitude illnesses ?



Risk of HAPE during a second 
exposure to high altitude
(%

)

HAPE-
Resistant

HAPE-
Prone
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6. Prediction





For a single individual…







Predicting HAPE by a simulated altitude-exposure ?



Pulmonary artery response to acute hypoxia (FiO2 12%): 
a simple test to detect HAPE-susceptibility?

Grunig et al., J Am Coll Cardiol 2000;35:980-7.

http://content.onlinejacc.org/content/vol35/issue4/images/large/99006336.980.gr1.jpeg


Predictive value of hypoxic pulmonary-artery 
vasoreactivity test

Dehnert et al. Eur Respir J 2005; 25:545-551.



10) Une femme de 66 ans vous consulte en vue d’un trekking de 21 jours au 
Népal, à une altitude de 4500 m. 
Elle est connue pour un tabagisme ancien à 20 UPA, une hypertension 
artérielle traitée, une fibrillation auriculaire paroxystique anticoagulée et un 
infarctus du myocarde il y a 5 ans.

Quel traitement redouter le plus?
a) Diurétique
b) Bétabloquant
c) Statine
d) Anticalcique
e) Anticoagulant oral
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Elle est connue pour un tabagisme ancien à 20 UPA, une hypertension 
artérielle traitée, une fibrillation auriculaire paroxystique anticoagulée et un 
infarctus du myocarde il y a 5 ans.

Quel traitement redouter le plus?
a) Diurétique
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d) Anticalcique
e) Anticoagulant oral



7. Consultation de Médecine de Montagne
Pour qui?

1. First exposure to altitude

2. History of altitude-induced diseases

3. Comorbidities

4. Training for altitude-events



History
•Lengh of stay, ascent profile et transport
•Antecedents (altitude max, sleep altitude max, symptoms)
•Comorbidities, contra-indications, medications
•Smoke, hormones
•Physical training
•Guides, groups 
•Oxygen, hydratation, food
Information about altitude diseases
Information about acclimatation
Indication to prophylaxis?
Indication to hypoxic tests?
Médications
Follow-up !

High-altitude consultation



Summary









Positive effects of altitude



- Cardiovascular and pulmonary readaptation

- Increased red blood cells

- Increased exercice performances

- Increased oxygen delivery to the muscles

Positive effects of altitude



Consultation de médecine d’altitude
Dr Alban LOVIS 

Dr Claudio SARTORI
Tél 021 314 09 30

Thank you for your attention
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