
High	
  Al(tude	
  Trekking	
  or	
  
Mountaineering:	
  Pre-­‐trip	
  Evalua(on	
  

Screening	
  
Training	
  

Pre-­‐acclima(za(on	
  
Trip	
  planning	
  re	
  acclima(za(on	
  



Pre-­‐trip	
  Screening	
  

•  Want	
  to	
  match	
  client	
  to	
  trip,	
  trip	
  to	
  client	
  
•  Assessment	
  of	
  competence,	
  fitness,	
  health	
  
•  Who	
  will	
  evaluate	
  client	
  responses?	
  
•  Any	
  tes(ng	
  or	
  certain	
  experience	
  required?	
  
•  Require	
  physician	
  approval?	
  



Special	
  al(tude	
  considera(ons	
  

•  Al(tude	
  experience	
  
•  Aerobic	
  fitness,	
  endurance	
  
•  Experience	
  on	
  rugged	
  terrain	
  
•  Medical	
  issues	
  and	
  al(tude	
  



Pre-­‐trip	
  medical	
  ques(onnaire	
  	
  
Level	
  1:	
  Simple,	
  no	
  doctor	
  required	
  
	
  
Do	
  you	
  have	
  any	
  physical	
  or	
  medical	
  condi(ons?	
  	
  
	
  
Are	
  you	
  taking	
  any	
  medica(on?	
  	
  
	
  
Do	
  you	
  have	
  any	
  allergies?	
  	
  
	
  
Please	
  explain	
  (what,	
  why)	
  

And	
  then	
  who	
  evaluates	
  this?	
  



Pre-­‐trip	
  medical	
  ques(onnaire	
  	
  

Level	
  2:	
  Thorough,	
  usually	
  requires	
  physician	
  
	
  
“It	
  is	
  vital	
  that	
  persons	
  with	
  medical	
  problems	
  make	
  them	
  known	
  to	
  
us	
  well	
  before	
  trip	
  departure.	
  	
  
	
  XXX	
  assumes	
  no	
  liability	
  regarding	
  provision	
  of	
  medical	
  care.	
  Trip	
  
members	
  will	
  receive	
  appropriate	
  health	
  informa(on	
  and	
  a	
  Medical	
  
Cer(ficate	
  to	
  be	
  filled	
  out	
  and	
  returned	
  to	
  us.	
  You	
  will	
  need	
  to	
  
provide	
  us	
  with	
  your	
  accurate	
  and	
  complete	
  medical	
  history	
  for	
  the	
  
last	
  three	
  years.	
  If	
  you	
  are	
  age	
  65	
  or	
  older	
  (or	
  on	
  high	
  al(tude	
  trips),	
  
the	
  Medical	
  Cer(ficate	
  must	
  be	
  signed	
  by	
  your	
  physician.”	
  	
  











Pre-­‐trip	
  medical	
  evalua(on	
  

•  Develop	
  a	
  policy	
  
•  Get	
  a	
  good	
  medical	
  advisor	
  
– A	
  doc	
  with	
  wilderness/al(tude	
  exper(se	
  

•  Check	
  with	
  risk	
  management	
  



Pre-­‐trip	
  medical	
  	
  
•  Informa(on	
  to	
  get	
  
–  Previous	
  al(tude	
  experience	
  
–  Previous	
  HAPE	
  or	
  HACE?	
  
– Allergies,	
  meds	
  
– Medical	
  condi(ons	
  that	
  could	
  be	
  an	
  issue	
  

•  Lung	
  disease,	
  cardiac	
  problems,	
  hypertension,	
  seizures,	
  
migraine	
  or	
  chronic	
  headache,	
  pregnancy,	
  diabetes,	
  sickle	
  
cell	
  trait	
  

•  Provide	
  detailed	
  info	
  to	
  clients	
  
– Al(tude	
  acclima(za(on,	
  expecta(ons	
  at	
  al(tude	
  
– Al(tudemedicine.org,	
  ismmed.org	
  



Screening	
  for	
  al(tude	
  illness	
  

•  Past	
  history	
  important,	
  but	
  not	
  absolute	
  
•  Lung	
  disease?	
  (not	
  asthma)	
  
•  Tes(ng	
  
– Hypoxic	
  ven(latory	
  response?	
  No	
  
–  Pulmonary	
  artery	
  pressure	
  response?	
  Maybe	
  for	
  HAPE	
  
suscep(bility	
  

– Hypoxic	
  exercise	
  test?	
  Maybe...	
  
– None	
  easy,	
  available,	
  predic(on	
  s(ll	
  difficult	
  

•  Bo^om	
  Line:	
  no	
  prac(cal	
  tes(ng	
  to	
  predict	
  AMS,	
  
HAPE	
  





Pre-­‐trip	
  fitness	
  evalua(on	
  

•  What’s	
  necessary	
  in	
  terms	
  of	
  fitness?	
  
– Trip	
  requirements	
  

•  Good	
  baseline	
  “fitness”	
  important,	
  but	
  does	
  
not	
  protect	
  from	
  HAI	
  
– 12	
  minute	
  mile	
  with	
  no	
  pack?	
  
– Accustomed	
  to	
  regular,	
  vigorous	
  exercise?	
  
– Frequent	
  trips	
  in	
  the	
  mountains?	
  

•  Exercise	
  is	
  limited	
  at	
  al(tude:	
  “the	
  great	
  
equalizer”	
  





2%/1000c	
   5%/1000c	
  

High-­‐intensity	
  exercise	
  is	
  very	
  impaired	
  by	
  al(tude	
  



Endurance	
  improves	
  with	
  (me	
  at	
  
al(tude	
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Exercise	
  at	
  al(tude	
  

•  One	
  has	
  to	
  expect	
  less	
  
– Adjust	
  pace	
  	
  

•  Able	
  to	
  talk	
  while	
  exercising	
  
– Take	
  more	
  breaks	
  
– Adjustment	
  each	
  (me	
  coming	
  to	
  al(tude	
  	
  
– Takes	
  10-­‐14	
  days	
  for	
  increased	
  endurance	
  

•  Or:	
  suffer	
  fa(gue,	
  exhaus(on	
  	
  



Pre-­‐trip	
  training	
  

•  No	
  specific	
  training	
  for	
  high	
  al(tude	
  	
  
•  Train	
  for	
  exercise	
  demands	
  
– Good	
  cardiovascular	
  fitness	
  and	
  strength	
  
– Balance	
  	
  
– Scrambling	
  skills:	
  moving	
  over	
  rough	
  terrain	
  
– Endurance:	
  long	
  day	
  hikes,	
  not	
  gym	
  



Physical	
  Condi(oning	
  for	
  Mountaineering	
  Expedi(ons	
  
www.alpineins(tute.com/.../physical-­‐condi(oning-­‐for-­‐mountaineering-­‐	
  
Physical	
  Condi(oning	
  for	
  Mountaineering	
  Expedi(ons.	
  by	
  Coley	
  Gentzel,	
  Former	
  AAI	
  
Program	
  Coordinator	
  and	
  Guide.	
  Mountaineering	
  Fitness	
  and	
  Training	
  |	
  RMI	
  Expedi(ons	
  -­‐	
  
RMI.com	
  
Training	
  for	
  an	
  Alpine	
  Ascents	
  Interna(onal	
  Program	
  
www.alpineascents.com/denali-­‐train.aspâ€Ž	
  
A	
  Training	
  Program	
  for	
  the	
  Prospec(ve	
  Mountaineering	
  Hardman.	
  By	
  Stacy	
  Taniguchi.	
  
Jump	
  to	
  Training	
  Chart	
  So	
  the	
  lure	
  of	
  the	
  "Great	
  One"	
  is	
  genng	
  to	
  the	
  ...	
  
12	
  Week	
  Mountaineering	
  Fitness	
  Plan	
  Intermediate	
  -­‐	
  FitClimb	
  
www.fitclimb.com/page/12-­‐week-­‐mountaineering-­‐fitnessâ€Ž	
  
by	
  Ali	
  Alami	
  -­‐	
  This	
  12	
  week	
  training	
  plan	
  is	
  designed	
  to	
  get	
  a	
  person	
  in	
  shape	
  for	
  a	
  
mountaineering	
  summit	
  a^empt	
  of	
  standard	
  routes	
  on	
  Mt.	
  Rainier,	
  Mt.	
  Shasta,	
  Mt.	
  
Whitney,	
  ...	
  
Mountaineering	
  Fitness:	
  Climb	
  Like	
  Ed	
  |	
  Backpacker	
  Magazine	
  
www.backpacker.com/ar(cle/9627	
  
In	
  May,	
  mountaineering	
  legend	
  Ed	
  Viesturs	
  became	
  the	
  first	
  American	
  to	
  summit	
  all	
  14	
  ...	
  
You'll	
  also	
  get	
  an	
  exclusive	
  look	
  at	
  his	
  training	
  regimen	
  (don't	
  worry,	
  we	
  ...	
  
Mountain	
  Athlete:	
  Weight	
  Training	
  for	
  Climbing	
  -­‐	
  Alpinist.com	
  
www.alpinist.com/doc/web08x/wfeature-­‐mountain-­‐athlete-­‐trainingâ€Ž	
  
How	
  to	
  Prepare	
  for	
  Mountain	
  Climbing:	
  The	
  Exercise	
  Regimen	
  That	
  ...	
  



Pre-­‐acclima(za(on	
  

•  YES!	
  If	
  at	
  all	
  possible	
  
– Al(tude	
  exposure	
  is	
  the	
  best	
  
– Hypoxic	
  exposure	
  to	
  simulate	
  al(tude	
  

•  Does	
  it	
  work?	
  



Example	
  for	
  an	
  al4tude	
  profile	
  at	
  Mt.	
  Everest	
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e	
  

Time	
  

~	
  1	
  hour	
  

…repeated	
  for	
  
	
  	
  	
  	
  several	
  days	
  

6000	
  m	
  
to	
  

4500	
  m	
  

Al
4t
ud

e	
  

Time	
  

	
  
daily	
  hypoxic	
  exposure	
  for	
  

few	
  hours	
  	
  
over	
  several	
  days	
  or	
  weeks	
  

.	
  .	
  .	
  .	
  
Inten4on	
  for	
  high	
  al4tude	
  
§  avoid	
  acute	
  mountain	
  sickness	
  

(AMS)	
  
	
  	
  

§  (improve	
  performance)	
  	
  

Acclimatization  



Acclimatization in „natural“ hypoxia 

According	
  to	
  Bärtsch,	
  MSSE	
  	
  1999	
  



According	
  to	
  Schneider	
  et	
  al.,	
  MSSE	
  2002	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

n	
  =	
  800	
  



Schneider	
  et	
  al.	
  High	
  Al(tude	
  Med	
  Biol	
  
2001;2(1):1	
  



   Daily      No. of sessions      Altitude   Subjects        Study             Testing               study 
duration    / trail period (d)     (m)        (n)        design            Altitude        outcome (AMS) 
 
                                               2200→3100                      controlled       AMS incidence ↓ 
 7,5 h                  7 / 7                (2650)              23      double blinded      4300     AMS-C Score ↓                                  
 
                                                                                       uncontrolled                     AMS incidence ↓  
  24 h                  6 / 6                  2200              10          cross over          4300         AMS-C Score ↓  
 
                                               2500 →3300                     controlled                        AMS incidence ↓ 
  8 h                  14 / 14              (2600)              42       double blinded      4500    AMS-C Score ↓ 
 
                                                                                       uncontrolled                    AMS incidence ↓  
  4 h                  15 / 21               4300                6           not blinded          4300   from 3 / 6 to 0 / 6 
 
                                                                                         controlled                         AMS incidence ↓(trend) 
 7,4 h                10 / 10               3370               22        single blinded       4500      no diff. in AMS-C score 
 
                                                                                       uncontrolled             
  24 h                16 / 16               4300                6           not blinded          4300      AMS-C Score ↓ 
 
                                                                                       uncontrolled                          no altitude related 
1 week (continuously) at      4350-4800          5           not blinded      Mt. Everest  problems during ascent 
  then 38 h within 4 d at        5000-8500                                                                    to 7800 m at Mt. Everest 

Beidleman	
  B.A.,	
  Clin	
  Sci	
  2004	
  

Burse	
  R.L.,	
  Aviat	
  Space	
  Environ	
  Med	
  1988	
  

Richalet	
  J.-­‐P.,	
  IJSM	
  1992	
  

Acclimatization by „artificial“ hypoxia 

Dehnert	
  C.,	
  MSSE	
  2009	
  (Abstr.)	
  

Beidleman	
  B.A.,	
  HAMB	
  2009	
  

Lyons	
  T.P.,	
  Aviat	
  Space	
  Environ	
  Med	
  1995	
  

Fulco	
  C.S.,	
  Am	
  J	
  Physiol	
  2010	
  



Pre-­‐examina(on	
  
4	
  h	
  at	
  4500	
  m	
  

2500	
  m	
  

3300	
  m	
  

Acclima4za4on	
  period	
  
14	
  x	
  8	
  h	
  normobaric	
  hypoxia	
  (n=21)	
  
or	
  normoxia	
  (n=21;	
  double	
  blind)	
  0	
  h	
  	
  	
  	
  	
  	
  4	
  h	
  

Post-­‐examina(on	
  
20	
  h	
  at	
  4500	
  m	
  

0	
  h	
  	
  	
  	
  	
  	
  4h	
  	
  	
  	
  	
  	
  20	
  h	
  

4	
  days	
  

Assessment	
  of	
  AMS-­‐Score,	
  ven4la4on	
  and	
  blood	
  gases	
  

Acclimatization by artificial hypoxia 
(intermittent hypoxic exposure during sleep) 



*	
  

*	
  

4300	
  m	
  aTer	
  7	
  d	
  @	
  2650	
  m	
  (7,5	
  h	
  /	
  day)	
   4500	
  m	
  aTer	
  14	
  d	
  @	
  2600	
  m	
  
(8	
  h	
  /	
  day)	
  

Fulco	
  et	
  al.,	
  AJP	
  2010	
   Dehnert	
  et	
  al.,	
  MSSE	
  2009	
  (Abstr.)	
  

Acclimatization by artificial hypoxia 
(intermittent hypoxic exposure during sleep) 



   Daily      No. of sessions      Altitude   Subjects        Study             Testing               Study 
duration    / trail period (d)     (m)        (n)        design             altitude        outcome (AMS) 
 
                                                                                         controlled       AMS incidence ↓(trend) 
 60 Min               7 / 7                  4500              26      double blinded        5300     AMS-C score ↓ 
 
                                                                                         controlled            3611           AMS incidence ↓  
70-90 Min        13 / 28           2500 →4500       40       double blinded        4559    AMS incidence and score ↔ 

Short term „artificial“ hypoxia 

Schommer	
  K.,	
  HAMB	
  2010	
  

Wille	
  M.,	
  Scand	
  J	
  Med	
  Sci	
  Sports	
  2012	
  



Acclima4za4on:	
  normobaric	
  hypoxia	
  
4	
  wk,	
  3-­‐4	
  x	
  /	
  wk,	
  70-­‐90	
  min	
  (n=20)	
  Pre-­‐examina4on:	
  

exercise	
  test	
  
at	
  3000	
  m	
  
or	
  normoxia	
  

6	
  days	
  

Field	
  study:	
  
within	
  24	
  h	
  to	
  4559	
  m	
  

overnight	
  stay	
  

3611	
  m	
  

4559	
  m	
  

AMS	
  
	
  	
  	
  	
  	
  aBGA	
  

AMS	
  

AMS	
  

or	
  normoxia	
  (n=20;	
  double	
  blind)	
  

4500	
  m	
  

week	
  4	
  	
  	
  	
  |	
  

3500	
  m	
  	
  
55%	
  VO2max	
  

Endurance	
  training	
  at	
  

3000	
  m	
  	
  
60%	
  VO2max	
  2500	
  m	
  	
  

65%	
  VO2max	
  

|	
  week	
  1	
  |	
  week	
  2	
  |	
  week	
  3	
  |	
  

Schommer	
  et	
  al.,	
  HAMB	
  2010	
  

Acclimatization by artificial hypoxia 
(short term active exposure) 



AMS-­‐C-­‐score	
  
(Margherita	
  hut,	
  morning;	
  mean	
  ±	
  SD)	
  

1,0	
  

2,0	
  

0,7	
  

0,0	
  

p	
  =0.98	
  

AMS	
  defini(on:	
  
AMS-­‐C-­‐score	
  >	
  0.7	
  

1,5	
  

0,5	
  

Hypoxia-­‐group	
  
Control-­‐group	
  

	
  p	
  =	
  0.25	
  

AMS + AMS - 

Hypoxia 50% 50% 

Control 55% 45% 

Schommer	
  et	
  al.,	
  HAMB	
  2010	
  

Acclimatization by artificial hypoxia 
(short active exposition) 

1,3	
  

0,9	
  



Recommendations  

Minimal	
  requirements	
  for	
  preven4on	
  

Ø  7	
  sessions	
  (1	
  week),	
  7	
  h	
  per	
  day	
  

Ø  al(tude	
  depending	
  on	
  target	
  al(tude:	
  	
  

Ø  min.	
  effec(ve	
  al(tude	
  2200	
  –	
  2500	
  m	
  	
  

Ø  not	
  more	
  than	
  1500	
  –	
  2000	
  m	
  below	
  target	
  al(tude	
  

Ø  graded	
  increase	
  of	
  al(tude	
  possible	
  

Ø  short	
  term	
  protocols	
  may	
  a^enuate	
  symptoms	
  but	
  
not	
  the	
  incidence	
  of	
  AMS	
  



Summary	
  

•  Screening	
  can	
  be	
  useful	
  to	
  match	
  client	
  and	
  trip	
  
– Care	
  with	
  evalua(ng	
  responses	
  
– Medical	
  advisor	
  very	
  useful	
  

•  Training	
  not	
  specific	
  for	
  high	
  al(tude	
  	
  
•  Pre-­‐acclima(za(on	
  works	
  
– Al(tude/hypoxic	
  exposure	
  diminishes	
  AMS,	
  improves	
  
performance	
  

– Some	
  acclima(za(on	
  lasts	
  for	
  2-­‐4	
  weeks	
  


