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High Altitude Pulmonary Edema

Lake Louise Consensus on the Definition of Altitude Illness
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In the setting of a recent gain in altitude, the presence of 
the following: 

Symptoms: at least two of:- dyspnea at rest
- cough
- weakness or decreased exercise performance
- chest tightness or congestion

Signs: at least two of:- crackles or wheezing in at least one 
lung field
- central cyanosis
- tachypnea
- tachycardia
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Incidence of HAPE

Depends on several factors

-Altitude

-Ascent rate

-Individual susceptibility/ History of HAPE
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Picture taken from sylabus DiMM Plas Y Brenin dec 2-8; 2006
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Fa-Hien or Faxian 400 ad

Bhoedist monk traveller

Companian died while 

crossing mountain.

http://idp.nlc.gov.cn/education/buddhism/travellers/images/walkingmonk.jpg
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Padre José de Acosta 1540-1600

travelled throughout Peru
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Montgolfier brothers invented hot air balloon 1783
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Early high altitude experiments?
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Dr. Jacottet died spending two nights

In the Vallot hut (4300m) 

on the Mont Blanc 1891

Post Mortem showed acute edema 

of the lung
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vascular response to hypoxia

Some 60 years ago experiments done on cats showed 

vasconstrictive respons to hypoxia

An increase of bout 12-25 mmHg in the a. pulmonalis was 

found

Later this respons was found in white men

Von Euler et al.; Observations on the pulmonary arterial blood pressure in cat ; Acta Physsiol Scan. 

Vol 12 pg301-320 (1946)

Motley et al.; influence of short periods of induced acute anoxia upon pulmonary artery pressure in 

man; am .j. physiol.; 150: 390-403 (1947)
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ECG findings

ECG studies done on high-altirude natives Peruvian Andes

-Peaked P-waves

-Right axis deviation

Drs. Javier Arias-Stella, left, and Dante Penaloza, right, visiting Colorado's high country on the 
occasion of the 1962 Aspen Conference, organized by Dr. Robert Grover, center. (Courtesy of Dr. 
Grover.)

http://jap.physiology.org/content/vol98/issue1/images/large/zdg0010535390001.jpeg


HAPE
aetiology

post mortem studies

Number of studies: Hultgren et al.   1962

Dickinson et al. 1983

Hultgren et al.   1997

Macroscopy: Heavy lungs 

Areas with clear edema and hemorrhagic edema 

Areas with no edema 

pulmonary thrombi

Microscopy: Aveoli filled with fluid; erythrocytes; some macrophages 
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post mortem studies

Post mortem studies in Japan 2001

Alveolar edema

Congestion of pulmonary vessels

Alveolar hyaline membranes

Alveolar hemmorhage

Muliple trombi and firbin clots

Increase of mast cells and pneumocytes type II intra alveolar

Droma et al.; Pathological Features of the Lung in Fatal High Altitude Pulmonary Edema Occurring at 

Moderate Altitude in Japan High Altitude Medicine & Biology. December 1, 2001, 2(4): 515-523
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pressure

Succeptable persons have increased HPV

Doppler echo cardiografic

Data at 4559m

Bartch et al. ;Prevention of of high-altitude pulmonary edema by nifedipine; NEJM 325: 1284-1289 
1991
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pressure

Wedge pressure remains normal in HAPE

Capillary pressure increases

Right Heart Cathetrization data at 4559m 2nd day

Maggiorini et al.; High-altitude Edem Is Initially Caused by an Increase in Capillary Pressure; 
Circulation 103:2078-83 (2001)
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pressure

Maggiorini et al.; High-altitude Edem Is Initially Caused by an Increase in Capillary Pressure; 
Circulation 103:2078-83 (2001)
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role of inflammation

Some studies suggest inflammation to be an etiological factor in 

developing HAPE

-Kaminsky et al. Chest 1996: elevated Leucotriene levels in Urine in 

HAPE

-Durmowisz et al.; Journ. Pediatr. 1997: high association of pre existing 

disease and developing HAPE

- Schoene et al.; BAL studies
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Schoene et al.; The lung at high altitude: bronchoalveolar lavage in acute mountain sickness and 
pulmonary edema; J. Appl. Phys.; 64: 2605-2613 1986
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Swenson et al.; pathogenesis of High-Altitude pulmonary edema inflammation is not an etiologic 
factor; JAMA 2002; 287: (17)2228-2235 

http://circ.ahajournals.org/cgi/content/full/103/16/2078/F3
http://circ.ahajournals.org/content/vol103/issue16/images/large/hc1515301003.jpeg
http://circ.ahajournals.org/content/vol103/issue16/images/large/hc1515301003.jpeg
http://circ.ahajournals.org/content/vol103/issue16/images/large/hc1515301003.jpeg


HAPE
aetiology

Dehnert et al.Am.J. resp. Crit. Care Med.; Pulmonary blood flow heterogeneity during hypoxia and high-altitude 

pulmonary edema; vol171: 83-87 2005
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Dehnert et al.Am.J. resp. Crit. Care Med.; Pulmonary blood flow heterogeneity during hypoxia and high-altitude 
pulmonary edema; vol171: 83-87 2005
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HAPE-S:

Increased PAP 

Normal Wedge

No primary inflammatory factor

Elevated capillary pressure

Uneven lung perfusion under hypoxic conditions
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Hultgren et al.; High-Altitude pulmonary edema: current concepts; ann. Rev. Med. 1996 47:267-284
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-Werkgroep hoogtefysiologie Nederland

www.hoogtefysiologie.nl

-International Society for Mountain Medicine: 

www.ismmed.org

-Himalayan Rescue Association Nepal: 

www.himalayenrescue.com

-High Altitude Medicine Guide:

www.high-altitude-medicine.com

-Medical Expeditions: 

www.medex.org.uk

-Everest basecamp clinic:

www.basecampmd.com

-Mountain Medicine Society of Nepal

www.mmsn.org

http://www.hoogtefysiologie.nl/
http://www.ismmed.org/
http://www.himalayenrescue.com/
http://www.high-altitude-medicine.com/
http://www.high-altitude-medicine.com/
http://www.high-altitude-medicine.com/
http://www.high-altitude-medicine.com/
http://www.high-altitude-medicine.com/
http://www.medex.org.uk/
http://www.basecampmd.com/
http://www.mmsn.org/
http://www.medex.org.uk/medex_book.htm

