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The 8th European Hypoxia Symposium, held between 8 and 
11 September 2016 in Poljče (Slovenia), was organised by 
the NATO Mountain Warfare Centre of Excellence (NATO 
MW COE) and the Faculty of Sport, University of Ljubljana. 
The purpose of the Symposium was to bring together 
civilian scientists as well as mountain warfare Subject 
Matter Experts (SMEs). The symposium served as a platform 
for sharing and exchanging information, and was an ideal 
opportunity for all participants to gain new experience and 
know-how.

The Symposium had the following specific goals:

• Presentation and exchange of theoretical knowledge and 
practical experience in the field of high altitude physiology 
and activity on increased altitude.

• Application of scientific findings regarding high altitude 
to the military mountain units.

Part of the event was dedicated to topics regarding the 
high-altitude influence on military activities and latest 
development in the field of mountain warfare (MW). This 
report is mainly focused on military issues and includes  
conclusions given by the experts in their presentations at 
the Symposium.

High altitude is one of the most challenging factor faced by 
military units in mountain environment. The atmospheric 
changes of pressure and available oxygen at high altitudes 
cause physiological changes, which attempt to ensure 
that the body gets enough oxygen. High altitudes are also 
characterized by cold strong winds, intense solar and UV 
radiation, deep snow, raging thunderstorms, heavy fog and 
rapidly changing weather.

Soldiers who operate at high altitude could be in danger of 
frostbite and hypothermia, acute mountain sickness (AMS), 
high altitude pulmonary edema, cerebral edema, sunburn 
and snow blindness. Mental and physical abilities decrease 
and high altitude also induces personality disorders. Sudden 
weight loss is often a problem. Soldiers tend to drink and eat 
less.

iNTrODuCTiON exeCuTiVe SuMMArY
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Some differences should be considered between civilian and 
military activities in the mountainous environment. Military 
activities are normally characterised by longer staying at 
maximum altitude, nature and hostile forces, possible high 
ascent rate (vertical manoeuvre), use of military equipment 
and mission accomplishment (Neitzel C., Ladehof K.: 
Taktische Medizin, Springer. 2015). The incidence of AMS 
is significant higher (nearly doubled) in soldiers compared 
to civilians at similar altitudes (Tannheimer M., Lechner R.: 
Military Missions at High Altitude).

Mountain and cold weather warfare has a long history, and 
that history clearly demonstrates that those who ignore 
it are doomed to fail when fate places them in such an 
environment. Special organized, trained, equipped and 
sustained units are necessary to mitigate those challenges 
(Pierce SW.: Mountain and Cold Weather Warfighting, Critical 
Capability for 21st century. 2008). 

This also refers to all support units including the medical 
service. In addition specific mountain related diseases and 
injuries, demanding casualty handling, delayed Medical 
Evacuation and the necessity to perform prolonged field 
care are ubiquitous and require forward looking planning. 
Therefore, tailored medical and mobility training is required 
for mountain infantry and medical personnel as well (Lechner 
R., Tannheimer M.: Brief History of Mountain Warfare and its 
Impact on Medical Support of Military Operations in the 
Mountains).

Missions above 2000 m on short notice require special 
attention. In case of guaranteed short-term mission the 
latency of AMS (6-36 h) can be used. Therefore, helicopter 
crews, who are usually only for a short time exposed 
to high altitude, are not affected. Longer deployments 
require proper acclimatization otherwise the soldiers are 
not fully operational and significant casualties may occur. 
Normobaric hypoxic chambers offer a smart possibility to 
acclimatize soldiers and to keep them acclimatized even 
under the conditions of an ongoing mission in remote areas. 
A soldier cannot fight in the presence of AMS (Tannheimer 
M., Lechner R.: Military Missions at High Altitude).

Helicopter crews, who are usually only for a short time 
exposed to high altitude, are not affected by acute 
mountain sickness (AMS).
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One of the possible solution to prevent AMS in 
military operations could be the identification and 
pre-acclimatisation of susceptible individuals. The 
aim of one Austrian Armed Forces study is to find a 
way how to detect AMS susceptible individuals by 
applying simple screening procedure. The study 
will be conducted under the scientific leadership 
of the University of Innsbruck with the title: 
Strategies to prevent AMS in military operations 
– Identification and pre-acclimatization of 
susceptible individuals. (Berger M., Plenk J.: 
Strategies to Prevent Acute Mountain Sickness in 
Military Operations). 
 
Military leaders should also take into account 
the reduction of endurance capability 
(VO2max) as follows: above 1500 m; 1% every 
100 meters of altitude gain (Tannheimer M., 
Lechner R.: Military Missions at High Altitude). See 
the graph upper right:

With increasing altitude the maximal workload 
decreases by 10% to 15% per 1000 m of altitude 
(beginning at 1500m above sea level) with 
highly trained persons loosing most power 
(UIAA MedCom Standard No. 15: Work in Hypoxic 
Conditions):
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Preacclimatisation techniques may reduce 
susceptibility to AMS on subsequent high 
altitude exposure.  
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Some of other interesting findings in connection 
with Hypoxia:
1. Preacclimatisation techniques such as intermittent 

hypoxic exposure (IHE) or training (IHT) may be 
beneficial in reducing the cortisol response to hypoxia 
and, therefore, may reduce susceptibility to AMS 
on subsequent high altitude exposure.  Both, IHE 
and IHT produced favourable responses in Cortisol 
concentration consistent with acclimation and, 
hence, have potential to decrease AMS susceptibility. 
Findings suggests that exercise (IHT) has a more 
favourable effect on acclimation in comparison to 
rest (IHE) alone (Cook M., O’Hara J., Woods D.: Cortisol 
responses to intermittent normobaric Hypoxic 
Exposure with and without exercise). 

2. The effect of carrying a load is well documented 
at sea level (SL), as are the effects of exercising at 
altitude, yet there are very few studies to date that 
have combined the two; examining the changes in 
physiological responses to load carriage at altitude. 
The aim was to investigate whether the unloaded 
to loaded relationship experienced at SL is mirrored, 
exaggerated or reduced during acute hypoxia (H). The 
finding of similar changes in %V̇O2max associated 
with load at relative exercise intensities, highlights 
the importance of reducing speed when at 
altitude. This ensures that the effects of load do not 
exceed responses seen at SL. The knowledge of heart 
rate (HR) responses with respect to HR zones when 
loaded will inform training and preparation practices 
(Hinde K., Low C., Lloyd R., Cooke C.: Comparing the 
Effect of Load Carriage on Energy Expenditure and 
Heart Rate in Hypoxia with Normoxia).

3. Subjects with high level of aerobic efficiency 
(AE) at sea-level can better maintain their 
physical performance in hypoxia. Subjects that 
responded well to hypoxia showed reduction in AE 
when exposed to hypoxia, possibly as an adaptive 
response to liberate more free energy towards 
power production. (Schiffer TA., Ekblom B., Lundberg 
JO., Weitzberg E., Larsen FJ.: Aerobic efficiency at 
Sea-Level Predicts Physical Performance in Hypoxia).

4. Acclimatisation is necessary above 2500m. 
Complete acclimatisation at extreme altitudes 
above 5300m is not possible. Only temporary 
exposure is possible and extreme respiratory 
adaption is needed at extreme altitudes (Tannheimer 
M., Lechner R.: Military Missions at High Altitude).
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performance in hypoxia.



6

NATO MOuNTAiN WArfAre CeNTre Of exCelleNCe

Other topics related to MW and presented at the Symposium:

Global Classification of Mountains is a study prepared by a 
group of NATO MW COE experts, which currently consists of 
representatives of five countries (AUT, HRV, DEU, ITA and SVN). 
The study results in the proposal of mountain classification, 
which might be used in the process of terrain analysis before 
the deployment of troops. The terrain effects on troops 
are caused by altitude, relief, climate and the type of land 
exploitation. Deploying capabilities above a certain altitude 
in mountains is affected by many factors. Some are related to 
hypoxia and must be included into the planning of operations 
due to their impact on the soldiers’ health and performance. 

Mountains classified into five classes, three categories of 
mountains and three levels of effects is a helpful option 
in planning operations.

In particular commanders and staff personnel who were 
not involved in mountain operations during their previous 
deployments need essential facts presented in a concise 
way to find them useful and to incorporate them into plans. 
In addition, such a tool should increase the decision makers’ 
awareness of the specifics of mountainous environment.  

Nevertheless, additional discussions are necessary within 
the NATO and the Partnership community to reach the final 
goal.

The table below presents the concept of the Global 
Classification of Mountains. At least the notion of altitude, 
included in the table, should be further discussed and 
determined in conjunction with the effects on the human 
organism and military objectives. 

MOUNTAINOUS ENVIRONMENT
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The NATO MW COE will continue to focus on predispositions 
to operate at high altitude, which allegedly cannot be 
improved in the way that all individuals (soldiers) achieve a 
suitable level. Therefore, selection, including physical fitness, 
food provision and high altitude related training, is required. 
 
In this regard the NATO MW COE already launched a set of 
survivability-related projects in order to increase the level of 
sustainability in mountainous environment. The purpose of 
an inter-related package of physical fitness, food provision 
and high altitude effect projects is to enhance the soldier’s 
performance in mountainous environment. It is crucial 
to understand the mutuality of those affects in order to 
conduct military activities in mountainous environment.
The desired end-state is to recommend improvements 

and provide common NATO-agreed standards in order to 
operate at high altitude in close cooperation with military 
and civil hypoxia related experts.

8th EUROPEAN HyPOXIA SyMPOSIUM WAS ORGANIZED By:                                       
•  FACULTY OF SPORT, UNIVERSITY OF LJUBLJANA, SLOVENIA
•  NATO MW COE, POLJČE, SLOVENIA                                                                                                                                         
        

AND SUPPORTED By:

This leaflet is a product of the NATO MW COE. It is produced for external use. It does not represent any official position or policies of NATO and is 
designed to provide independent analysis and position. 
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