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.......	   During	   the	   night	   he	   did	   not	   sleep	   and	   coughed	   much,	   and	  
complained	  at	  breakfast	  of	  headache	  and	  lack	  of	  appe(te.	  	  

......	   to	  one	  of	  his	   friends	  he	  wrote	   that	  he	  could	  not	  write	  at	  greater	  
length	  because	  of	   the	  acute	  mountain	   sickness	   like	   the	  others......	  He	  
threw	  himself	  on	  his	  bed	  trembling	  with	  cold.	  

......	  he	  seemed	  as	  paralyzed	  and	  began	  to	  wander.	  Oxygen	  was	  given	  
to	   him	   to	   breathe	   but	  without	   result.	   The	   respira(on	  was	   superficial	  
(60-‐70	  breath	  per	  minute),	  the	  pulse	  irregular	  (between	  100	  and	  120),	  
the	  temperature	  38.3	  degrees	  C.	  

......	  suddenly	  he	  ceased	  to	  speak,	  became	  somnolent	  	  

......	  toward	  2	  a.m.	  he	  expired	  in	  the	  glacier	  hut.	  

Dr	  JacoWet’s	  tragedy	  at	  the	  Vallot	  hut	  on	  Mont-‐Blanc	  
(1891),	  wriWen	  by	  Dr.	  Guglielme[	  



Acute	  Pulmonary	  edema	  of	  high	  
al(tude	  

�  Dr	  Wizard’s	  post-‐mortem	  
examina3on	  of	  Dr.	  Jaco8et	  

...	  Dr	  JacoWet	  had	  died	  of	  capillary	  
bronchi(s	  and	  lobular	  
pneumoni(s.	  

...	  The	  immediate	  cause	  of	  death	  
was	  therefore	  probably	  a	  
suffoca(ve	  catarrh,	  
accompanied	  by	  acute	  edema	  
of	  the	  lung.	  

Houston	  CS	  NEJM	  1960,	  263:478	  	  





Prevalence	  of	  HAPE	  in	  different	  
se[ngs	  

�  General	  alpine	  mountaineering	  popula(on	  
•  	   	  	  	  	  (ascent	  ≥	  3	  days)	   	  <	  0.2%	  
�  Skiers	  in	  Colorado 	  0.01-‐0.1%	  	  
�  Denali 	   	  1%?	  
�  Trekkers	  in	  Nepal	  at	  4200	  m 	  1%	  
�  Indian	  soldiers:	  air	  lie	  to	  5500	  m 	  2-‐15%	  
�  Climbers	  at	  the	  Margherita	  hut	  (4559	  m)	  

–  Ascent	  within	  2-‐4	  days 	  4%	  
–  Ascent	  within	  24h:	   	  	  
	   	  -‐	  controls 	  6%	  
	   	  -‐	  HAPE	  history 	  60-‐70%	  







Clinical	  Presenta(on	  	  
of	  HAPE	  

•  Symptoms	  and	  Signs	  
•  Weakness	  /	  Decreased	  Exercise	  
Performance	  

•  Dyspnea	  at	  rest,	  worse	  lying	  
down	  

•  Cough,	  bloody	  sputum	  
•  gurgling	  
•  Chest	  (ghtness	  or	  conges(on	  

•  Heart	  rate	  >	  90/min	  
•  Resp	  rate	  >	  25/min	  
•  Cyanosis,	  SpO2	  <	  70%	  (4500m)	  
•  Lungs:	  Crackles	  or	  wheezing	  
•  Body	  Temperature	  >	  37.4	  °C	  
	  



Clinical	  diagnosis	  of	  high	  al(tude	  
pulmonary	  edema	  

without	  HAPE	   with	  HAPE	  
122	   32	  

Dyspnea	  at	  rest	  	   	  9%	   91%	  
55%	   45%	  (>	  25	  breath/min)	  

Lung	  ausculta(on:	  
no	  rales	   (127)	   85%	   15%	  
rales	  +	   	  (18)	   61%	   39%	  
rales	  ++	   	  	  (9)	   33%	   67%	  

(Data	  were	  obtained	  from	  60	  subjects	  studied	  during	  3	  consecu(ve	  days	  at	  the	  al(tude	  of	  4559	  m)	  



The	  Lake	  Louise	  consensus	  on	  
defini(on	  of	  al(tude	  illness	  

Signs:	  (at	  least	  two)	  

•  Rales	  and	  wheezing	  in	  at	  	  	  	  
least	  one	  lung	  field	  

•  Central	  cyanosis	  

•  Fast	  breathing	  

•  Fast	  heart	  rate	  

Symptoms:	  (at	  least	  two)	  

•  Dyspnea	  at	  rest	  

•  Cough	  

• Weakness	  or	  decreased	  exercise	  
performance	  

•  Chest	  (ghtness	  or	  conges(on	  

High	  al(tude	  pulmonary	  edema	  (HAPE)	  
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Low	  oxygen	  satura(on!	  



A Wide Range of 
Oxygenation at Altitude 

Altitude (meters) 

Mean 
95% Confidence Intervals 

SaO2  
(%) 



What is normal SpO2 at altitude? 

•  Depends on altitude, latitude, weather 
•  Depends on time at altitude 

– Lowest first 1-2 days 
– Takes 4-5 days to maximize 

•  Best to compare to others in the group 
•  Varies markedly with breathing 

– Low with lazy breathing, high with brisk 
breathing 



Change in Oxygen Concentrations 
with Altitude 
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Saturation drops below 
90% rapidly above 
9000ft 

Vail	  



Ventilation – 

Breathing increases 
on ascent to altitude 
(ventilatory 
acclimatization) 

PCO2 drops 

pH increases 

SaO2 improves 
with time 



Pulse	  oximetry	  	  

•  Detects	  oxygen	  satura(on	  of	  blood	  
– The	  %	  of	  hemoglobin	  that	  has	  oxygen	  aWached	  to	  it	  
– The	  more	  Hb	  with	  oxygen,	  the	  more	  oxygen	  in	  blood	  
The	  more	  oxygen,	  the	  more	  red	  the	  blood	  



Pulse	  oximetry	  

•  Spo2	  more	  unstable	  at	  al(tude,	  wider	  range	  
•  Accuracy	  goes	  off	  below	  70%	  
•  Have	  to	  have	  a	  pulse	  in	  the	  finger	  

– Best	  to	  have	  a	  warm	  finger(p	  

•  It	  does	  not	  detect	  carbon	  monoxide	  
•  Clinical	  decisions	  based	  on	  large	  devia(ons:	  10	  
points	  in	  SpO2%,	  not	  2-‐3	  points	  



Pulse	  oximetry	  uses	  at	  al(tude	  

•  Diagnosis	  of	  HAPE:	  SpO2	  >	  10	  points	  below	  
normal,	  usually	  less	  than	  70%	  
– SpO2	  drops	  with	  mild	  exercise	  in	  early	  HAPE	  

•  Severity	  of	  HAPE:	  rough	  correla(on	  with	  
severity	  

•  To	  rule-‐out	  HAPE:	  SpO2	  near	  normal	  
•  Assess	  effect	  of	  descent,	  treatment	  
•  Manage	  oxygen	  therapy	  

–  Ideal	  SpO2	  around	  90%	  for	  Rx	  
	  




