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WELCOME ADDRESS TO UIAA MEDICAL CONFERENCE IN PRAGUE 21. 10. 1988 
Jaromír WOLF; Vice-president of the UIAA 

 

Ladies and Gentlemen, 

The first report on the influence of mountain environment on man dates back several 

thousands years. In Exodus, chapter 34, verse 29-30, we read about the sunburnt skin of Moses's 

face after having returned from the summit of Mount Sinai (about 9,000 feet), where he spoke with 

God. 

The ingenious theoretical assumption proposed by L. G. Pugh from Medical Research Project 

into Effects of Altitude of Mexico City 1965 before the Olympic Games 1968, claims that the curves 

of maximal and submaximal work capacity intersect just at the altitude of the Everest, which 

suggests that that altitude corresponds to the limit of man's adaptability to lack of oxygen. 

The Moses of our time however does not interview God about code of ethics for humanity, 

but takes a sample of the air of his lungs on the summit of Everest during the American Medical 

Research Expedition to Everest in October 1981. The significance of this is that the pressure of 

carbon dioxide in the air of the lungs is essentially the same as that in arterial blood. This in turn 

reflects the amount of increased breathing done by a climber under the condition of oxygen 

deficiency, and is a measure of the degree of acclimatization. 

In the summer of 1986 nine expeditions with members from all nations converged on K2, 

the world's second highest mountain. Twenty-seven people climbed K2 and 13 of them died in a 

period of seven weeks, from June 21st to August 10th, seven of them after having reached the 

summit. An analysis of this terrible statistics is the subject of the communication of B. L. Holt in our 

conference. On the other hand that summer on K2 produced other less grim statistics: two 

outstanding new routes, an incredible 23 hour ascent of Abruzzi Ridge and the first woman's ascent 

of K2. 

Nevertheless these events generated the inevitable media furore, particularly the question of 

why help had not been organized by other members of these expeditions. 

Questions of ethics raised by such statistics are outside the consideration of our surely 

scientific meeting. There has nevertheless been an evolution of the relation of man to mountain 

during the period of thousands of years from the mysticism of the second book of Moses to scientific 

truth and finally back to irrationality of summer 1986 on K2. 

Ladies and gentlemen, dear friends. I beg your pardon for my unusual welcome address. I 

have the pleasure to convey the best regards from the President of UIAA, Dr, Carlo Sganzini, to your 

Meeting and to wish full success to your Conference. 

  



OPENING ADDRESS 
Prof. Paul Bernett, President of the International Society for Mountain Medicine (ISMM) 

 

Ladies and Gentlemen, 

as President of the International Society of Mountain Medicine I want to give my best 

compliments to the participants of this Congress of the Medical Commission of the International 

Union of Alpinist Associations (UIAA). It is a special pleasure for me to greet Dr. Ivan Rotman, who 

was elected for Vice President of the ISMM in Davos this year for the coming period. 

We would like very much to integrate medicine interested mountaineers in this society. This 

society is independent, apolitical and has only medical goals. Those goals are to create an 

international organization of scientific character bringing together physicians, members of 

paramedical professions and organizations or societies interested in mountain medicine in its widest 

aspects, further to encourage research, studies, discussion and publications concerning all medical 

aspects of mountains and to compile scientific and applied documentation. 

Also doctors and interested people should be provided in a scientific approach to mountain 

problems and laboratory research and studies in the field should be encouraged and coordinated, 

too. Periodically congresses of international character must be organized. Last but not least an 

international review of mountain medicine will be published. 

Thank you for the good organization and your great hospitality. Let me wish you a successful 

course of the congress. 

  



I. ACCIDENTS AND INJURIES IN MOUNTAINEERING 
 

EPIDEMIOLOGICAL ANALYSIS OF CLIMBERS' INJURIES BASED ON DATA FROM THE RESCUE 
REPORT REGISTER OF GORSKA SLUZBA SPASAVANJA (MOUNTAIN RESCUE SERVICE) OF THE 
MOUNTAINEERING ASSOCIATION OF SR CROATIA, YUGOSLAVIA 

B. Aleraj; Mountaineering Association of SR Croatia, Zagreb, Yugoslavia YU-41000 Zagreb, Prilaz 
J.A. 73, Jugoslavija 

Introduction 

The Mountain Rescue Service of the Mountaineering Association of Socialistic 
Republic of Croatia, Yugoslavia, keeps a register of rescue reports on all rescues 
undertaken or shared in by this service. It contains about 2000 reports. The data from 
those reports have used to demonstrate a spectrum of climbers' injuries, the most frequent 
injuries, and also some relevant circumstances of climbing accidents  

Material and Methods 

The records dated from 1946 to 1985 have been selected for the present analysis. 
Rescues without injuries (capture by bad weather etc.) have been excluded, as have also 
rock rescues of non-climbers (suicides, falls in a difficult rocky ground etc.). Data were 
processed using standard statistical methods.  

Result and Discussion 

Among all the rescue reports registered 1946-1985, 72 cases involving injuries were 
found. 47 of them occurred in rock-climbing, while 25 others occurred in snow and ice 
conditions, including climbs in high mountains of the world. In these  72 cases a total of 
123 separate injuries were recorded.  

Table 1 shows that the number of injured climbers is increasing. This is a direct 
reflex of the increasing number of climbers and even more of the increasing number of 
ascents done. 

Table 2 gives the anatomic distribution and frequency of the injuries caused by 
climbing accidents. It is obvious that the most frequent climbers' injuries are head injuries, 
followed by injuries of the legs and then the arm. 

Table 3 offers a detailed insight into a spectrum and frequency of climbing injuries. 
Among the head injuries the most frequent was fracture of the basis cranii. The most 
common leg injuries were fractures of the lower leg. Fracture of the forearm was the most 
common injury of the upper extremities. One can also see some less frequent but typical 
injuries, like dental luxation, burns of arms caused by climbing rope etc. A rarity was a case 
of overnight upside-down hanging with a leg caught in a sling of rope (mentioned as a crush 
injury of leg) but without any serious head lesion.  

Among all these 72 injured people there were 22 fatal cases. Table 4 lists the injuries 
which caused these deaths. The most frequent was fracture of basis cranii, followed by 
severe open fractures of the skull and compressions of the brain. Although single, it is 
worth mentioning was strangulation caused by the entangled rope and slings. 

Analysis of the circumstances of fatal accidents (Table 5) shows that in most cases 
the victim was a solo climber. Other important circumstances were the whole roped-party 
falls caused by lack of belaying and also falls of the party leader.  

The importance of head injuries as the most common climbers" injuries and the 
most frequent cause of death was the reason for an attempt of indirect evaluat ion of the 
efficacy of protective climbing aids, especially the protective helmets. Protective helmets 



came into wide use in the mid-sixties in this country. So the period analysed was divided 
in two sub-periods: before the protective helmet (1946-1965) and after the helmet had 
been introduced (1966-1985). 

Tables 6 and 7 show this correlation based only on rock-climbing injuries, because 
this type of climbing implies the use of protective aids more than do the winter climbs. It 
can be seen that in spite of the increase in the number of injured climbers, the number of 
severe head injuries and also the number of fatal cases decreased  both absolutely and 
relatively. The differences are not statistically significant though, maybe because of the 
rather small number of cases. If one accepts those differences as real, they might be due 
to several factors: better climbing skills, improved system of running belays , and also more 
complete recording, resulting in a greater proportion of the less severe injuries  being 
obtained. The time coincidence of the introduction of helmets and the drop in incidence 
suggests that this might be a real good consequence of the use of protective helmets. 

At the end, an attempt of assessing the risk or probability of a climbing accident 
involving injury was made. Assuming that the number of ascents which might gravitate 
towards requiring rescue service was about 10 000 in the last ten years , the risk of a 
climbing injury turned out to be 3 per 1000 (31:10 000) and the risk of a fatal injury less 
than 1 per 1000 climbs. 

The present analysis showed that a good deal of the severe accidents might have 
been prevented. 

Conclusion 

Analysis of climbing injuries showed that the most common climbing injuries were 
injuries of the head, followed by injuries of the legs and arm injuries. Basis cranii fracture 
is the main cause of death in climbing. Solo climbing is more dangerous than climbing in a 
roped party. However, a roped party without proper belaying is also dangerous. The 
analysed data suggest the importance and usefulness of using the protective helmet. The 
calculated risk, i.e. probability of a climber´s lethal injury turned to be below 1 per 1000 
climbs done. 

Table 1 .                                                          Table 2. 
   Injured and dead climbers      Anatomic distribution of injuries  
Period          Number  Number    %                Anatomic region Number of injuries 
                     Injured     dead 
1946 –  1955     10            4         40                Head                                     42 
1956 –  1965       9    4         44                Legs                                      26  
1966 –  1975      22          6         27                Arms                                     17  
1976 –  1985      31          8         25                Spinal column                         7  
                                                                      Shoulder girdle                       4  
                                                                      Abdomen                                4  
                                                                      Thorax                                    2  
                                                                      Pelvis                                       1  
                                                                      Undefined (or scattered)        9  

(*) hypothermia, mountain   Other (*)                                12  
          s ickness etc. , see Table 3                    Total                                       72 

  



Table 3. Review of climbers´ injuries  

 HEAD       ARMS, SHOULDER 
Fractura basis  cranii   11  Fractura antebrachii  7 
Fractura cranii     5  Shoulder contusion  3 
Teeth broken     4  Finger fracture   2 
Compressio et contusio cerebr i  3  Burns (by rope friction)  2 
Commotio cerebri      2  Ruptura ligament acromioclav.   1 
Wound of the forehead    2  Congelatio of arm    1 
Fracture of mandible    2  Other injuries    5 
Ophtalmia solaris      2              SPINAL COLUMN AND PELVIS 
Luxatio bulbi oculi      1  Spinal column contusion   5 
Amputatio of the pinna    1  Spinal column fracture   1 
Nose contusion     1  Fracture of pelvis     1 
Other injuries     1  TRUNK  Inner injuries   4 
 LEGS          Wounds of the thorax  2 
Fractura cruris    14   MULTIPLE INJURIES (UNSPECIFIED) 
Wounds of the legs     3  Severe multiple injuries    4 
Contusion of the hip     1  Multiple contusions   4 
Fractura femoris      1  Multiple lacerations   1 
Frostbites/amputations of toes   1   OTHER 
Lower leg contusion     1  Hypothermia    4 
Fracture of foot bones     1  Mountain sickness  3 (2 HA oedemas) 
Heel contusion      1  Exhaustion     2 
Other injuries      3  Bleeding     1 
 (1 crush injury)    Pneumonia     1 
       Strangulatio (by rope)   1 

T O T A L       123   (HA = high alt itude) 
 
Table 4. Injuries in fatal cases   Table 5. Circumstances of lethal cases 

Type of injury  Number    Circumstance    Number 
Fractura basis cranii  10   Solo climber     9 
Compressio et      Fall of whole roped party   4 
contusio cerebri   4   Fall of the first climber   3 
Multiple severe injuries  3   First climber pulled down 
Hypothermia    3    by the second    1 
Strangulatio    1   Stone fall     1 
Spinal cord break   1   Hypothermia     3 
Total number of deaths 22   Unknown     1 

       Total number of deaths  22 
 
Table 6. Rock climbing accidents before and after introduction of protective helmets 

    Number  Number injured 
Period    injured   having severe   % 
       head injuries 
1946 – 1965    17     6   35 
1966 – 1985   30     4   13 
T o t a l   47    10 
         x2 = 3.11      p < 0.05 



Table 7. Proportion of fatal injuries before and after introduction of protective helmets. 
    Number  Number injured 
Period    injured   deceased   % 
1946 – 1965    17     8   47 
1966 – 1985   30     7   23 
T o t a l   47    15 
         x2 = 2.79      p < 0.05 
  



MOUNTAIN ACCIDENTS IN THE ENGLISH LAKE DISTRICT 
M. Townend, Cockermouth, Cumbria, Great Britain 

The country of Cumbria in N.W. England contains Britain´s most compact and easily accessible 

mountain area. Covering about 2500 square kilometres, connected by good roads to the motor way 

network and with good rail links, it is visited by several millions British and foreign visitors each year. 

It is difficult to estimate how many of these visitors walk or climb but the universal impression is 

that their numbers have increased steadily in recent years. The Lake District offers excellent 

opportunities for mountain walking and rock climbing. Less predictably because of its climate it 

offers in some years good winter mountaineering and ice climbing. 

I have investigated all incidents dealt with by the 12 mountain rescue teams and 2 peripheral 

teams covering the Lake District during the 10 years from 1978 to 1987 and have also made some 

comparisons with 1968. 

From 1978 to 1987 there was an increase of 66% in the numbers of persons rescued, an 

increase of 150% over the 1968 figure. Most of this increase was accounted for by an increase in the 

numbers of walkers rather than climber rescued. 

Excluding those rescued unhurt the 1987 total of casualties showed an increase of 75% over 

the 10 years and 133% since 1968. Numbers of deaths fluctuated but did not show an overall 

increase. 

As we have already seen walkers, who are greater in number than climbers, account for a 

much greater number of casualties. Accidents to walkers doubled in number from 1978 to 1987 and 

deaths amongst walkers rose by 260% over the 10 years. 

Among rock climbers there was no overall increase in accidents and deaths decreased to 20% 

of the 1978 figure. It is difficult to draw conclusions about trends in ice climbing accidents fluctuate 

from year to year as regards both suitability for climbing and objective dangers. 

Casualties amongst walkers on snow increased by over 40% from 1978 to 1987 and by 500% 

from 1968 although there was no overall increase in deaths. 

Incidents between 1978 and 1987 were further analysed with reference do 4 factors which 

may have contributed towards causing or exacerbating them, namely the quality of clothing and 

footwear, the degree of experience and the quality (or indeed absence) of other necessary 

equipment. Unfortunately this information was not always recorded. 

Standards of clothing and footwear amongst climbers on both rock and ice were highly 

satisfactory but amongst walkers one casualty in 8 had unsatisfactory clothing and footwear. 

Amongst walkers on snow 25% of casualties had inadequate footwear. 

Most climbing casualties whose experience was recorded were considered to have adequate 

experience but about 25% of casualties amongst walkers (about 50% of those recorded) were 

considered insufficiently experienced. This figure rose to almost 50% (well over 50% of those 

recorded) for walkers on snow. The standard of equipment amongst ice climbing casualties was 

recorded in only 50% of cases but was considered adequate in all cases. Almost 50% of rock climbing 

casualties were considered to be inadequately equipped; the commonest fault was absence of a 

helmet, their other equipment usually being well up to standard. Considerably more than 50% of 



walkers on snow were considered badly equipped, often lacking such fundamental items as ice axes 

and crampons. 

A worrying trend in the last 10 years has been a marked increase in the number of persons 

rescued suffering from medical conditions, an increase of almost 600%. The biggest single increase 

in medical conditions has been heart disease which has increased by over 400%. Deaths from 

medical causes have increased over the 10 years by 1000% and cardiac deaths have probably been 

responsible for the whole of this increase. 

It is difficult to correlate these increases on both accidents and medical incidents with the 

increasing numbers of participants in mountain sports as such figures are virtually impossible to 

obtain. All who are involved in mountain sports and mountain rescue agree, however that the 

number involved are steadily increasing and that this factor accounts for at least some of the 

increase in accidents and deaths, at least amongst walkers. 

In recent years Britain has seen an increase in leisure time and an increase in awareness of the 

importance of physical sport in maintaining good health. Increased publicity for the sport of 

mountaineering, increased car ownership and improved road communications have also 

contributed to the increasing numbers taking in our mountains. Unfortunately many of them appear 

to be equipping themselves inadequately or choosing routes or weather conditions for which they 

have inadequate experience. What appears to be undemanding hill walk may be completely 

transformed by a sudden change in the weather, or on a winter day a route which was a simple walk 

in the summer may become a difficult and dangerous expedition with severe weather, avalanches, 

cornices or dangerous slopes of ice or névé? 

Many walkers also miscalculate their physical fitness for the hills. An increasingly common 

scenario is that of the overweight and under-exercised middle-aged man, possibly also a smoker, 

who takes a holiday in the Lake District and feels whatever impulse it is which draws men towards 

mountains. He sets off full of his new-found enthusiasm and struggles breathlessly to his chosen 

summit, only to collapse there with acute chest pain. In about 10 such cases each year it may or may 

not have been his first essay into mountaineering but it will certainly be his last activity of any kind. 

Climbers on the other hand appear to prepare and equip themselves well for their chosen 

activity. Although rock-climbing standards have risen greatly difficulty there has been no increase in 

the number of accidents and the number of deaths has actually fallen. This is no doubt due to the 

great improvements in techniques and equipment for arranging protection. It is perhaps a little 

worrying however that stripped tights and chalk-bag are nowadays considered more important than 

a helmet. 

  



CAUSES AND STATISTICAL ANALYSIS OF ACCIDENTS IN THE AUSTRIAN ALPS 

E. Jenny, M. Burtscher; Alpine Medical Station of the Austrian Alpine Club, Rudolfshütte, 
2315 m, Hohe Tauern, Austria 

Abstract 

Since 1985 the Austrian Alpine Club has had the possibility of electronically processing the 

alpine accident survey of the Federal Ministry of the Interior. The present study primarily deals with 

a descriptive epidemiology, with occasional analytical approaches. In comparing the total numbers 

of the accident statistics from 1985 to 1987, fatal accidents sank from 283 to 242 while the total 

number of those involved in accidents rose from 2532 to 2988. We attribute this tendency to an 

optimization of rescue operations and emergency medical measures. In the distribution of accidents 

of 1987 to the various alpine areas, 59% were due to ski-slope accidents. It remains to be considered 

that the ski accidents registered by the Ministry of the Interior were only those allowing suspicion 

of negligence by others, or those which ended fatally. Under such circumstances it is understandable 

that 87 of 100 accidents involved collisions. The second place in the frequency distribution is held 

by mountain hiking accidents (23%, 697 accident victims) followed by ski touring accidents (7%, 206 

victims). 4% (119 victims) were due to rock climbing accidents and 1% each have been recorded for 

ice climbing (27) and glacier tours (29). Paragliding accidents enter the alpine statistics for the first 

time in 1987, at 2% (49). "Tripping, slipping" (75) and "cardiovascular emergencies" (71) are the 

major causes of fatal alpine accidents (1987: 242). Following these, classified according to 

frequency, are avalanche fatalities (23), falls and collisions on the ski slope, and crashes with aircraft 

(hang-gliders, etc.). Accidents due to lack of physical condition are more typical for persons at an 

advanced age, while accidents due to lack of experience and training early show a lower average 

age on the part of the persons involved. 

The head is the part of the body most liable to injury due to accidents on the ski slope and 

rock- and ice-climbing accidents. The lower extremities dominate for injuries during ski and glacier 

tours, hiking and paragliding. While the lower leg and knee are affected the most in skiing, hiking 

affects the ankle. Twenty-five per cent of all paragliding accident victims suffered vertebral injuries. 

Hypothesis has been put forward that effective prophylactic measures should be introduced, 

the training and equipment of rescue personnel should be adapted, as well as that there, should be 

analytical approaches and experimental investigations must be the necessary consequences and 

continuation of the present study. 

With the objective in mind of presenting an overview of Austrian alpine accidents with details 

especially of the various causes and the distribution of the locations of injuries, a survey was 

prepared in 1985 by the Austrian Alpine Club and placed at the disposal of the Federal Ministry for 

Domestic Affairs. The data collected by the Alpine Gendarmerie were then computer-processed by 

the Section for Alpine Rescue and Health of the Austrian Alpine Club. 

The analysis and comparisons of the annual statistics indicate tendencies, allow conclusions 

as to causal connections, and hence give us the possibility of establishing prophylactic measures. 

  



These statistics reflect only the accident data collected by the Alpine Gendarmerie: a large 

number of alpine accidents, primarily with slight injuries, are not included in the survey. Only fatal 

skiing accidents on pistes and those with suspicion of third-party negligence are included. Almost 

100% of the diagnoses appearing in the survey were established by doctors. 

The estimation of a yearly number of 2 to 3 million hikers and climbers in the Austrian Alps is 

based on documented mountain hut guest records and on computed projections. 

According to data supplied by the "Austrian Curatorship for Alpine Safety" the number of 

persons transported by cable ways and lifts during the winter of 1983 was 453.5 million. 

In the following, I should like to draw attention to, eve al results and analyses based primarily 

on the year 1987. 

Alpine accident statistics 1986-1987 

While the total number of persons involved in alpine accidents increases (2,532 – 2,859 – 

2,988 persons), the number of deaths decreases (286 – 258 – 242 fatalities) – a fact which we 

attribute to the extremely high percentage of rescue missions with helicopter and emergency 

physician, the excellent training of the rescue teams and the improvement of rescue equipment. 

Only 11% of those persons involved in accidents were members of alpine clubs. Mountain hut 

guest records show that alpine club members make up about 30% of all guests. We attribute the 

clearly lower percentage of involvement in accidents to "safety through training". 

The distribution of 2,988 emergencies according to the various alpine activities: skiing in the 

piste involved 1,572 persons (59%), hiking 697 (23%), ski tours 206 (7%), rock climbing 119 (4%), 

paragliding 49 (2%), glacier tours 206 (1%), ice climbing 27 (1%), and other 109 (4%). 

The causes of 242 fatalities in 1987. 

Leading, with 31%, are accidents due to stumbling, slipping, and losing a hold - already in the 

second place are cardiovascular emergencies at 29%! Avalanches involved 23 persons, falls and 

collisions on the piste 21, crash with paraglider, etc. 16 persons. 

Analytic results in individual alpine activities: 

1. Hiking accidents - 1987 (697 persons: dead 96, injured 501, not injured 92, missing 8). Causes of 

accidents, average age, and the percentage of men involved in the accidents were as follows. 

As in 1986, "stumbling" and "slipping" dominate (450 persons, 46 years old on average, 45% 

men). This highly frequent cause of accidents when hiking can hypothetically be seen as the result 

of lack of concentration and coordination due to physical and mental weariness or an 

underestimation of the motorial requirements of the terrain. 

"Stumbling" and "slipping" represent the primary causes of accidents particularly for persons 

of relatively high age, in contrast, lack of experience, for example getting lost due to poor knowledge 

of orientation, or slipping or freezing due to insufficient clothing and equipment, is supposed as the 

frequent, main cause of accidents involving young persons. 

(Losing one´s way: 89 persons, 37 years on average, 60% male; cardiovascular emergency: 87, 

54 years, 70%; falls and crashes without details: 41; exhaustion 15, 55 years, 40%; other causes: 38) 



Distribution according to the location of the injury, the lower extremity dominates with 48% 

of all injuries. Every fourth injured hiker suffers a head injury (25%). Thorax injuries 11% (of these: 

heart emergencies in 34 persons), spine 5%, upper extremity 5%, shoulder 3%, abdomen 1%, pelvis 

1%. 

Injuries of upper extremities: upper arm in 6 persons, elbow in 4, lower arm 7, hand (-joint) in 

12 persons. Injuries of lower extremities: thigh in 12 persons, knee 39, lower leg 61, foot (-joint) in 

152 persons. Polytrauma was present in 15 injured persons. 

2. Rock climbing accidents (119 persons: dead 19, injured 65, not injured 35). As compared with 

231 injured persons in 1985, it is unclear which factors have brought about this almost 50% 

decrease. We assume the following: the shifting of climbing activities from alpine terrain to well-

secured routes in sport climbing areas, the improvement of personal experience, different weather 

conditions, etc. 

The modal value of age distribution is, as in 1985, 19 years. This value – especially in this 

“technical” discipline – allows the assumption of lack of experience and technique at young age. 

"Falls and slipping" (41 accidents), "losing a hand- or foothold" (30), and "a piton breaking 

loose" are the most frequent causes of accidents. 

While in 1986 the lower extremity was the main location of injuries, this is taken over in 1987 

by head injuries at 32% - possibly a consequence of not wearing a protective helmet. Injuries of 

lower extremities represented 28% of all 95 injuries, upper extremity 20%, thorax 7%, shoulder 7%, 

spine 4%, and pelvis 1%. 

Injuries of upper extremities: upper arm in 4 persons, elbow in 3. Lower arm 2, hand in 5, 

finger in 3. Injuries of lower extremities: thigh in 6 persons, knee 1, lower leg 10, foot (-joint) in 7 

persons. Polytrauma was present in 10 injured persons. 

Fifty-four per cent of all persons injured in rock climbing accidents were climbing at degree of 

difficulty 3 and 4. This confirms the lack of suitable experience of primarily young climbers at mean 

degrees of difficulty! Eight per cent of the persons involved were injured in fixed rope routes - clearly 

fewer than in 1986, which is an encouraging sign of an improved sense of safety on the part of the 

climbers. 

The extremely high percentage of helicopter rescues (86%), and of transport, of persons 87 

persons injured in rock climbing demonstrates the high training standard of the alpine air rescue 

personnel in Austria! 

3. Ski touring accidents (206 persons: dead 25, injured 127 with 141 injuries, not injured 52, missing 

2). 

As before, the main causes of accidents are falls (94 persons), avalanches (55), losing one´s 

way (18), slipping (12), cardiovascular emergency and sickness (9) etc. 

The figure of 52% for injuries in the lower extremity area dominates. Head injury 17%, 

shoulder 13% (of these clavicle in 7 persons, thorax 8%, spine 6%, upper extremity 3%, abdomen 

1%, pelvis 1%). Injuries of upper extremities: elbow in 1, lower arm in 3 persons. Injuries of lower 

extremities: thigh in 6 persons, knee 21, lower leg 36, foot (-joint) in 15 persons. Polytrauma was 

present in 4 injured persons, exhaustion in 8, and suffocation in 6 and hypothermia in 9 persons. 



Distribution according to age indicates a peak between 15 and 24 years and one between 40 

and 50 years. While 40% of the first group were injured due to "avalanches", this was the case with 

only 18% of the second group, in which more than 50% of the cases were due to "falls". 

In more than 80% of the cases the avalanche was triggered as a snow slab by the skiers 

themselves. Here we can clearly see, on the one hand, a lack of experience, incorrect estimation of 

conditions or an increased readiness to take risks on the part of younger alpinists and, on the other, 

a lack of sport motorial capability on the part of the older skiers. 

4. Glacier accidents (29 persons: dead 4, injured 24, not injured 1).  

Stumbling or slipping (14 persons) and losing one's way (5), followed by falls into crevasses 

(4), are the major causes of accidents. 

The predominant general location of injury is the lower extremity (15 persons, 65%), mainly 

the foot joint. Of the total of 29 persons involved in accidents, only 7 were roped up - one with a 

makeshift harness, six with a chest and sit harness. 

5. Ice climbing accidents (27 persons: dead 3, injured 16, not injured 8). 

Similar to the rock climbing accidents, here too we can note a clear drop in the figures for 

1987 as compared with 41 persons involved and 9 dead in 1986. 

The main causes of accidents are falls (8 accidents) and slipping (7), followed by avalanches 

(7) and rock- and ice fall (3). 

The part of the body most usually injured is the head (5 persons, 33%). The avalanche 

accidents, occurring to waterfall climbers during ascent or descent, allow the assumption of poor 

alpine experience. 

6. Skiing accidents on the piste (1,752 persons: dead 54, injured 1,053, not injured 643). 

Please note once again that here only those accidents are included in the survey which were 

fatal or involved the suspicion of third-party negligence. For this reason it is understandable that 

87% of all cases involved collisions.  

Cause No. 1 of fatalities on the piste is - at 48% (25 persons) - a cardiovascular emergency as 

a result of poor physical condition! No fewer than 9 persons were the victims of collisions. The age 

frequency peak of those causing collisions lies under 20 years. Here we can assume deficient 

character traits, lack of responsibility and consideration, an increased readiness to take risks, a false 

estimation of one's own ability, and the frenzy associated with speed to be responsible. Ten persons 

died after a fall or crash and 8 in avalanches - mainly in unsecured areas. 

As in 1986, the distribution of accidents on the piste according to the location of the injury 

shows the head to be the major site of 381 injuries (35%), followed by the lower extremity (304, 

28%), shoulder (107, 10%, of these clavicle: 33), thorax (105, 10%, of these heart emergencies 25), 

upper extremity (81, 7%), spine (74, of these cervical 38), abdomen (19, 2%), pelvis (17, 2%). 

Injuries of upper extremities: upper arm in 32 persons, elbow in 5, lower arm 21, hand (-joint) 

in 24 persons. Injuries of lower extremities: thigh in 60 persons. Knee 104, lower leg 129, foot (-

joint) in 21 persons. Polytrauma was present in 15 injured persons. 

  



7. Cardiovascular emergencies. 

The development of cardiovascular fatalities during alpine activities: 74 cases of 283 deaths in 1985 (26%), 

51 of 258 in 1986 (24%) and 69 of 242 in 1987 (28.5%). In spite of the priority given to providing medical 

information, the last three years still show an increasing tendency! 

Conspicuous in the 1987 data is the group of persons between the ages of 50 and 55 as compared with 

the group of 60 to 65-year-olds in 1986. In the age group of 10-44 years there were 7 fatal cardiovascular 

emergencies, 45-49 years: 9 cases, 50-54 years: 17, 55-59 years: 5, 60-64 years: 11, 65-69 years: 10, 70-74 years: 

7, and 75-79: 2 persons.  

The distribution of cardiovascular fatalities with regard to the various alpine activities shows the highest 

incidence for hiking (30 persons) and on the ski piste (28). It is noteworthy that the number of cardiovascular 

fatalities in hiking dropped from 66% in 1986 to 43% in 1987, and that those on the piste increased from 20% 

in 1986 to 38% in 1987! The distribution of cardiovascular fatalities in 1986 and 1987 according to altitude 

differs only very little. The peak lies just under 2000 meters. 

So as not to generally question the value of mountain climbing as a healthy exercise, it must be noted that 

the presence of cardiovascular risk factors can cause a cardiovascular malfunction in any activity in daily life - 

sports or otherwise - comparable to mountain climbing . Only increased and regular sport-medical examinations 

of one's health and training condition, above all from middle age onwards, can check the advance of 

cardiovascular fatalities in all areas of physical activity. 

8. Paragliding accidents (injured 48, not injured 1, dead 0). 

The lower extremity is the main location of injury (32 persons, 58%), followed by 21% with regard to 

injuries of the spine. Twenty-five per cent of all injured persons spinal injuries!!! 

Distribution according to age with the highest incidence between 20 and 30 years indicates an increased 

readiness on the part of younger persons to take risks. 1988 shows a clear increase in the number of paragliding 

accidents - and fatalities too. 

9. Accident statistics regarding children. 

Of the 291 children under the age of 15 who were involved in alpine accidents° 240 - or 82% - were injured 

in the ski piste. 103 children under the age of 10 were involved in skiing accidents - more than 80% involved 

third-party negligence - of these, 82% were injured and 2 children died. 50 children were the victims of collisions 

on the piste. Of the 48 injured 49% suffered head injuries! 

For such a statistical survey and analysis of accidents in alpine regions not to be just an end itself, the next 

necessary step is to work out prophylactic measures. It is the responsibility of national and international alpine 

organizations to provide more information than before, to awaken a stronger sense of consciousness with 

regard to safety and health, and to take action to prevent accidents. In the final analysis the success of our 

efforts will depend on the extent to which it is possible to win potential accident victims as responsible partners 

in trying to prevent accidents in the mountains. 

(Unfortunately, it was not possible to print the tables) 

The address of the author: Dr. Elmar Jenny, Administrator in charge of alpine rescue and health in the 

Austrian Alpine Club, Wilhelm-Grail-Strasse 1, A-6020 Innsbruck  



INJURIES AND SECURITY IN THE MOUNTAINS 
Karol Gurský, Department of Sports Medicine P. J. Šafárik University, Prešov, ČSSR 

Abstract 

During the period 1980-83 we monitored injuries in the mountains of Slovakia. The shares 

of young people and women were determined. 

During that period there were 11,807 injuries in winter and 6786 injuries in summer. Attention 

should be paid for the fact that the highest number of ski injuries occurs during the first five 

downhills. The male / female ski injury ratio between men and women was 1.7 / 1. 

The highest age-specific frequency of injuries was reported for young people up to 20. The 

most frequent cause of death in mountain climbing was a fall (77.1%), exhaustion and snow 

avalanche coming next. A subjective failure or mistake was involved in 88.4% of cases. 

Taking into consideration that most injuries in the mountains have subjective causes, we 

suggest that measures be organized at the levels of the Department of Education of the 

Czechoslovak Socialist Republic, the Czechoslovak Union of Physical Education, the trade unions, the 

Socialist Union of Youth, local national committees, recreation centres and international hotels 

(“interhotels”). 

We believe that this could decrease the rates of accidents and injuries in men, women, 

adolescents, and children in spite of the continuing increase in the number of mountain visitors. 

During the period 1980-1982 we monitored injuries in the mountains of Slovakia. Working 

with statistics, age, sex, profession, training and physical activity were taken into account. 

From the medical point of view, attention was directed to different kinds of injuries, their 

frequency, laterality, topography and relevance. To evaluate the share of external aetiology, the 

manner of arrival into the mountains, some questions of a technical character, and the influence 

different climatic and meteorological situations were considered. 

During the period studied, there were 11,907 injuries in winter and 6,796 injuries in summer. 

The highest age-specific occurrence of injuries was recorded in group 14-24 years old. During the 

day there were two critical periods between, 11 and 12 a.m. and from 14 to 15 p m. 

 
Injuries in the mountains of Slovakia (1977-1982) 
Year  Fatal  Heavy  Light  First aid Searching  

Injuries Injuries Injuries 
1977  21  800  1 312  3 014   98 
1978  27  810  1 483  3 584  126 
1979  34  821  1 810  3 634  106 
1980  36  930  1 280  3 199  129 
1981  38  794  2 384  3 456  133 
1982  31  805  1 669  3 370  131 
TOTAL.            187           4 960               9 938  20 257  723 
  



Ski injuries and length of stay  Character of ski injuries in women 
in the mountains    Chopok 1980-1982 

Day of stay  %   Injuries   % 
1   39 3   Distensions , Distorsions 53.4 
2.   15.3   Contusions   16.1 
2-5   29.8   Fractures   13.6 
5-10     8.9   Open injuries     5.1 
11-14     5. 9   Luxations     2.5 

Other injuries     9.3 
 

Localization of mountain injuries according to age (1980-1982) 
Age  1-5        6-14        15-18        19-30        31-40        41-50        >50 
Head    -                 3               7                 5               2                 -             - 
Trunk    -                 -                5               20               8              11             9 
Upper limbs   -                39            39               58             40              32             6 
Lower limbs 34           1121          312            702           283            171           81 
T o t a l 34           1153          362            785            333           215           96 
 

In respect of the seasonal factor, the highest frequency of injuries was in January-March and 

July-August. It is a serious matter that the highest number of injuries in skiing took place during the 

first five downhills. 

The proportion of ski .injuries between men and women was 1.7:1- Analysis of the reasons 

revealed a worse physical condition of the women, especially up to 20 years of age. Sixty per cent 

of the men had a fracture of a shin bone, and only 4O% of the women. Women showed higher rates 

of injuries of knee tendons. 

During the observation period we recorded a lot of injuries in children and young people, 

especially fractures above the upper edge of a ski-boot. In women, almost 54% of falls were 

accompanied by failure of the release binding. 

The most frequent cause of fatal injuries in mountain climbing was a fall (77.1%), then 

exhaustion and being caught in a snow avalanche. Subjective failure was present in 88.4% of the 

cases. It is puzzling that 59% of climbing accidents were due to unsatisfactory belaying; 13.3%, to 

incorrect rappelling, the next most frequent mistake was climbing with unsuitable equipment in bad 

weather. 

The highest frequency of injuries was reported at an age up to 20 (52. 4%), then in 

mountaineers of 40 (25.7%) and 30 years of age (10.9%). We conclude that the main causes of 

injuries in the mountains are subjective. 

With regard to prevention of injuries, we suggest the following measures to reduce ski 

accidents and injuries during alpine tourism and mountain climbing. 

1. Education. Educational influence in the family, at school, in physical-training centres and sports 

clubs should improve the quality of physical training of sportsmen and the public generally. 

Emphasis should be put on theoretical knowledge of physiology, first aid, prevention of injuries, and 

the techniques and tactics of movement in an alpine terrain in order to reduce injuries having 

subjective aetiology. 

  



2. Mass media. The press, television and radio should be made use of the anti injury prevention. 

3. Distribution. Shopping centres, department stores and sporting shops should be supplied with 

high-quality sporting equipment, especially for children and young people. 

4. Czechoslovak Union of Physical Education. The Union should exercise strict control over sporting 

Clubs so that they keep the safety rules and co-operate with the mountain rescue service and the 

State Insurance Company. The results of inspections should be reported regularly. 

5. Interhotels and recreation centres of the trade union and the Socialist Union of Youth. Since 

many of the visitors who come to the mountainous areas of Slovakia are not organized in the 

Czechoslovak Union of Physical Education, it is necessary to improve services and provide training 

and guiding services. 

6. State Insurance Company. The State Insurance Company in the Czechoslovak Socialist Republic 

should be engaged in the prevention of injuries according to the model of the Alpine countries 

7. Mountain rescue service. International ski-signs should be installed on all skiing routes at ski 

centres in Slovakia, safety rules should be kept and skiers who break them should be find. 

Informative boards should be installed at ski-tow stations. They should emphasize the value of 

warming up and show some series of effective exercises. 

8 Technical services. All winter centres should be equipped with the necessary mechanization to 

prepare pistes adequately. Skiing areas should conform to the internationally established safety 

rules regarding the capacity of ski-tows. In most frequently visited ski centres resting services should 

be built gradually. It would be possible to test there safety ski binding. 

9. Register of injuries. A uniform register of injuries should be introduced in all the mountainous 

terrains of the Czechoslovak Socialist Republic. 

10. IT SHOULD BE EMPHASIZED THAT THE MEDICALCAL ASPECT OF SPORTS IN THE MOUNTAINS 

IS EQUAL IN VALUE TO THE EDUCATIONAL AND TECHNICAL ASPECTS. 

Taking into consideration that most- injuries in the mountains are results of subjective 

mistakes or failures, we suggest that the above measures should be instituted on the basis of the 

Department of Education of the ČSSR, the trade union, the Socialist-Union of Youth, local National 

Committees, recreation centres and interhotels. We believe that this would result in a decrease of 

accidents and injuries in men, women, and children in spite of the continuing growth of the number 

of mountain visitors. 

  



FATAL ACCIDENTS IN CZECHOSLOVAK MOUNTAINEERING 
I. Rotman; Medical Commission of the Czechoslovak Mountaineering Association, ČSSR 

Abstract 
The amount of risk in any sport is determined by the sport activity and the personality of the 

sportsmen. Climbing and mountaineering represent one of the most dangerous human activities. 
Despite some increase in the number of fatal accidents, which can he explained by the increase in 
the number of people at risk, the percentage of fatalities remains at the same level or has even 
decreased somewhat. During the last 30 years (1958-1987) there have been 265 fatal accidents 
among the member of the Czechoslovak Mountaineering Association or an average of 9±5 accidents 
(1-24 deaths) per year Recent statistics do indicate certain trends: in the period 1961-70, the rate 
was 2.7%; in 1971-80, 1.2%; and in 1981-87 1.1%. 
 
PLACE OF ACCIDENTS    MECHANISMS OF ACCIDENTS 
 n = 265       n = 265 
SANDSTONE AND OTHER ROCKS   25  FALL     158 
HIGH TATRAS    152  AVALANCHE      41 
OTHER MIDDLE MOUNTAINS     12  EXHAUSTION      25 
ALPS AND CAUCASUS      38  EARTHQUAKE       14 
HIGH MOUNTAINS > 6000 M     27  FALLING ROCK      10 
       OTHER        18 
DIAGNOSIS       lightning   4 
     n = 265       acute mountain sickness 4 
CEREBRAL AND MULTIPLE INJURIES  83  apoplexy   1 
MULTIPLE INJURIES    63  cardiac infarction  1 
CEREBRAL INJURIES    49  unknown   8 
HYPOTHERMIA    31 
ASPHYXIA     32 
OTHER      27 
 Lightning   4 
 Acute mountain sickness 4 
 Cardiac disease  2 
 Hanging on rope  2 
 Other und unknown            15 
 
C A U S E S  O F  M O U N T A I N E E R I N G  A C C I D E N T S  
ENVIRONMENTAL RISK FACTORS  PERSONAL RISK FACTORS 
Rock steepness    underestimation of environmental factors 
Gliding rock     loss of concentration 
Friable rock     inexperience 
Weather changes    overestimated abilities 
Snow conditions    fatigue, inadequate training, disease 
Hypoxia     inadequate equipment 
Cold      technical and tactical errors 
Solar radiation, etc.    faulty belay and climbing alone, etc. 

 

The cause of each accident is compounded of many factors. Since the classification dividing 

the causes into different categories (related to the individual, the equipment, the environment) or 

into so called subjective and objective causes are often misleading, the Medical Commission has 



proposed to analyse the risk factors in mountaineering (environmental and personal) and to 

distinguish strictly between the "mechanisms" and "causes" of accidents. In an analysis of 265 fatal 

accidents the "mechanisms" in the order of frequency were as follows: falls of climbers (158 cases; 

59.6%), entrapment in an avalanche (41; 15.5%), exhaustion and exposure (26; 9.6%), earthquake 

(14; 5.3%), falling rock (10; 3.8%), and others (lightning, acute mountain sickness etc.). As far as the 

causes are concerned, inattention* inexperience, fatigue, overestimation of abilities, faulty belay, 

not wearing a helmet, climbing unroped or alone or in poor weather, inadequate equipment 

accounted for the majority of- accidents (217 cases, 81.9%); falling rocks, earthquake and lightning 

were responsible for only 34 accidents (12.8%). 

It is concluded that the individual is the main factor, although the equipment and the 

environment may play roles of variable importance. The preventive measures are mostly of a 

methodological, educational and organizational character. 

C O N C L U S I O N S  

THE CAUSE OF EACH ACCIDENTS IS COUMPOUNDED OF MANY FACTORS. 

THE INDIVIDUAL IS THE MAIN FACTOR; ALTHOUGH THE EQUIPMENT 

AND THE ENVIRONMEN MAY PLAY ROELS OF VARIABLE IMPORTANCE. 

THE PREVENTIVE MEASURES ARE MOSTLY OF A METHODOLOGICAL; EDUCATIONAL, 

AND ORGANIZATIONAL CHARACTER. 

  



PRACTICAL ASPECTS OF MOUNTAIN AIR RESCUE 
Bruno E. Durrer, Swiss Air Rescue doctor & mountain guide, CH-3822 Lauterbrunnen, Switzerland 

 

In the Swiss Alps there are 900 to 1200 mountain accidents annually. Over 90% are handled 

by helicopter rescue. Efficient helicopter rescue systems (e.g. Swiss Air Rescue: rescue radio net; 

central alert-station, operating 24 hours; 15 ambulance helicopters reach every spot in the country 

within 15 minutes of flight; during day time airborne within 5, at night within 30 minutes) with 

trained emergency doctors allow optimal medicalized first treatment at the site of accident and fast 

transport to the next hospital or centre according to type of injury. 

There are mainly three helicopter rescue organisation in Switzerland: Swiss Air Rescue, a 

specialized rescue organisation and Air Zermatt/Air Glaciers, two helicopter companies in the Valais, 

doing rescues besides their commercial flying work. 

On the average up to 1000 persons have to be rescued out of pathless areas every year. In 

50% of these cases a winch rescue is necessary. All missions are registered according to medical 

(NCA-Index) and topographical aspects. In 1983/84 17% of all winch rescued persons were not 

injured. 21% were dead or died after an unsuccessful resuscitation attempt. 19% were ambulant 

cases (NACA 1+2), 37% had been seriously injured (NACA 3+4), and 6% suffered life threatening 

injury. Over 2/3 of all rescued by winch were evacuated of accessible and 1/3 out of difficult sites of 

accident. 2% were extremely difficult rescues, e.g. direct face rescues from the Eiger North-face. 

For difficult missions (direct face, night missions, and bad weather) the risks have to be 

evaluated in relation to the seriousness of the injury. Within the last 10 years REGA has lost 2 

ambulance helicopters during rescue mission. 

Due to rock- or icefall some rescues in dangerous areas should be done only during the early 

hours of the day. But often it cannot be determined in the helicopter whether a patient is still alive 

and here it is the crew´s or team’s decision whether the mission goes on or the following morning 

has to be awaited. Ambulant cases can be evacuated directly by the climbing harness and the 

rescuer has not to leave the winch cable. This procedure, lowers the risk considerably whenever 

safe belays are lacking or objective dangers threaten the mission. 

Direct faces rescues occasionally demand an extension of the winch cable (up to 70 m). These 

missions are rather delicate for the crew because of the potential swaying and the difficult judgment 

of distance. In exceptional cases winch rescues take place also during the night. 

In difficult and extreme sites of accidents the rescue doctor has to decide whether immediate 

treatment at the site of accident (medication, volume substitution, and intubation) or an immediate 

transport of the patient should be given priority. Especially in cases of severe head-brain injury or 

spinal injuries immediate treatment is necessary and the patient has to be positioned carefully into 

the rescue net. In steep faces this often requires additional helpers for belaying and takes a lot of 

time. 

Altogether 1.5% of all winch-rescued patients have been intubated at the site of accident and 

evacuated in the net under constant ventilation. 

In the Swiss Alps the assignment of air rescue doctors has improved the efficiency of first 

treatment (volume substitution, intubation, resuscitation, hospital choice) at the site of accident 

even in difficult and extreme mountain areas. The result is a better survival chance in case of a 

mountain accident.  



THE ACTIVITIES OF THE MOUNTAIN RESCUE SERVICE IN CZECHOSLOVAKIA 
I. Miko; Medical Commission of the Slovak Mountain Rescue Service, Czechoslovakia 

Abstract 

Substantial part of the Czechoslovak territory (127,801 square km) is covered by mountains, 

which are extensively visited by tourists, skiers and climbers. Moderate altitudes prevail (85% from 

200 to 1500 m), only 2% of the territory is above 1500 m. The ridge of the highest mountain range 

– the High Tatras (260 square km) – is 26.5 km long, with an altitude of 2250 m on an average and 

with the highest peak, Gerlach, measuring 2655 m. 

The Mountain Rescue Service (MRS) in Czechoslovakia is affiliated to the Czechoslovak Union 

of Physical Culture (ČSTV) and is represented in the International Organization for Mountain Rescue 

(Internationale Kommission für alpines Rettungswesen, IKAR). The MRS totals 1939 members and is 

divided into 15 mountain areas, the number of physicians reaches up to 10% of the membership in 

some places. All the physician are volunteer MRS members. 

They arrange first-aid education for all professional and volunteer MRS members (inclusive 

of mountain guides, avalanche specialists, and members of air rescue parties), render first aid in the 

mountains, and take part in education of the general public, especially on prevention of mountain 

accidents, taking advantage of collaboration with mass media. The Medical Commissions of the 

Czech and Slovak Mountain Rescue Services cooperate closely with other sport organizations, with 

the Medical Commissions of the Mountaineering Association, with the Mining Rescue Service of 

Czechoslovakia, and state health institutions. 

In 1987, members of the MRS delivered 6233 lectures and talks, organized 12,296 terrain patrols 

and 251 search undertakings, and 1039 times rendered assistance at sports events. They worked 

102,800 hours in emergency service • and treated 6123 injured persons, 2689 of them severely 

(with 43 deaths accidents). 

  



LIGHTNING INJURY IN MOUNTAINEERING 
E. Ehler, I. Rotman; Medical Commission of the Czech Mountaineering Association, Czechoslovakia 

Abstract 

The electric energy of lightning may cause thermic lesions (burns), ocular injury (impairment 

of vision), or an electric shock. A stroke of lightning may produce characteristic lesions of the skin, 

the muscle, the heart (arrhythmias), and the blood vessels (vasomotor changes). It may also affect 

the nervous system causing neuropathies, lightning paralysis, loss of consciousness, and/or cerebral 

haemorrhage with brain oedema. Biochemically, myoglobinuria with resulting renal failure, 

increased creatinkinase, and haemolytic jaundice may be observed. Lesions may be noted also on 

the EEG, ECG and computerized tomogram of the brain. 

During a storm in the mountains, particularly in a mountaineering area, severe injury may be 

incurred indirectly as well – by a fall, from a pressure wave, or by inadequately acting in a difficult 

terrain. 

The most important measures to prevent lightning injury are to foresee the storm and 

recognize the actual risk from meteorological indications, of course, every mountaineer should be 

familiar with weather phenomena. Appropriate action should be taken to minimize the risk of injury 

during the storm itself. Finally, a scheme of adequate first aid and first medical aid in the case of 

lightning injury is presented. 

Introduction 

Lightning injury (LI) is not so entirely exceptional an event in human society, as would seem 

from the very rare personal experience with such injured people in medical practice. Craig (4) states 

that in the USA 300 to 600 persons die yearly after lightning stroke and several thousand injured 

people survive. This number is larger than the toll of any other type of natural catastrophe including 

tornados. In an exposed terrain in the mountains or rocks there is a far greater chance of being 

struck by lightning. In spite of our considerable knowledge of the physical essence of lightning there 

are gaps in the knowledge of the pathophysiology of lightning-caused damage to the organism and 

perhaps also certain ambiguity in the development, prevention, and management of the after-

effects of these injuries (8, 18). In view of there being some lack of satisfactory and complex 

information about LI in contemporary specialist literature and some uncertainty about this medical 

problem in most physicians, we shall try to review briefly the contemporary views on this problem 

and also to state out also a few concrete data. 

Incidence of Lightning Injury in Mountaineering. 

It is very difficult to ascertain definite data about the occurrence of LI. According to statements 

from certain areas attractive to climbers, mild injuries are not treated by local physicians or 

mountain visitors receive treatment in the places of their permanent residence, mostly in towns and 

cities. As regards injury reporting in mountaineering, mild LI are mostly not reported, in the same 

way as other mild injuries are not, this being largely due to inconsistence of particular committees 

of mountaineering sections and organizations (11, 15). 



During the period of 1951-1981 3108 injuries were reported in mountaineering activity in USA 

and Canada; of that sum 36 (1.15 %) had been caused by lightning, but there was no fatal LI among 

the 178 mortal casualties (19) In 1979-1984 the German Alpine Union (Deutscher Alpenverein) 

reported 1112 injuries, of which 9 (0.8%) had been due to lightning (11). 

In the High Tatras, the only Czechoslovak high mountains, altogether 814 fatal casualties were 

recorded among all visitors over a long span of time 1650-1985. Only 12 cases (1.47%) of these 

deaths were after lightning stroke (3, 14). Within the framework of the Czechoslovak 

Mountaineering Association (15), 265 mortal injuries occurred from 1956 to 1987, 4 mountaineers 

evidently died from lightning stroke (1.51%) and for the next 8 (3.78%) fatal LI can be presumed 

(3.78%). 

The Origin of Lightning 

The essence of the electric charge in the clouds is the build-up of static electricity due to 

collision of water droplets and ice particles. This gives rise to positively charged clouds with respect 

to the ground. When this charge exceeds 100 million V, the insulating properties of the intervening 

air are overstepped and a discharge of electricity occurs with electrons passing upward from the 

ground to neutralize the positively charged clouds. By this mechanism a stroke of lightning is 

produced (8, 13, 20). 

From the physical point of view, lightning is characterized by a saltatory expanding discharge 

directed from the clouds to earth, whereby this leader stroke creates a lightning channel 3-30 mm 

in width. The main stroke is from the ground to the clouds, in the return direction, and is up to 100 

times stronger than the leader stroke. This discharge can reach a current intensity up to 200 kA, a 

voltage of 100-200 MV, the duration of the discharge lasting approximately 0.1 s and the visual 

effect 0.6 s, with the total energy amounting up to 1000 kWhr. A lightning stroke is a discharge of 

explosive character and the temperature originated by it reaches up to 30,000 °C. The main stroke 

is followed by a few shorter and significantly weaker after discharges. Most of the lightning 

discharge are between clouds and maybe a quarter of them are directed towards the earth (5.8%). 

Several types of lightning can be distinguished. The "cold lightnings" are discharges of short 

duration and without thunder. "Incendiary lightning" is characterized by relatively low current 

intensity and comparatively long duration. The common lightning is one of high voltage and high 

current strength. Among the phenomena of induction we reckon the fire of Elias, buzzing of the ice-

axe, electrisation of suit, etc. Ball lightning and its variants represent, from the physical point of 

view, a not yet explained problem (6). 

The Effects of Lightning on the Human Organism. 

It is estimated, that 20-30% of the victims die and 75% survivors have some permanent sequels 

(4). The effects of lightning on the human organism depend especially on the mode of the stroke. A 

direct stroke can cause heavy sequels or death. A side stroke, splashing by lightning is an indirect 

stroke, with the discharge conducted to the man from the immediate neighbourhood - from a tree, 

from rock formation, or another man (20). Ground currents can injure to a distance of few hundred 

meters from the place of the discharge, by stride potential (8). Damage to the human organism can 

originate from the primary changes of electric energy, from secondary causes (e.g. by fall), or 



following damage of suit and outfit. Abrupt lightning can injure the eyes and superficial layers of the 

skin (so-called flash phenomenon). When electric energy is converted to thermic, it can produce 

superficial and also deep burns, including internal burnings of organs and tissues. Very interesting 

is the "flash-over phenomenon" when, owing to well conducting surface (wet outfit, sweat-through 

clothes, rain) the electric current flows only around the victim's body and not through his inner 

organs. Diffuse skin burns are then observed but the inner organs and tissues remain undamaged. 

An electric shock wave originated by the passage of discharge through the victim's body can produce 

tympanic membrane perforation and internal contusion or perforation (1, 4, 5, 12, 20). 

Secondary changes occur by fall in the exposed terrain, often direct expulsion of the body by 

generalized convulsion (abrupt muscular contraction, caused by the discharge), lesions of bones and 

muscles. Also breathing paralysis can occur (8). 

Metallic parts of the outfit can occasion skin and soft tissue lesions (necklace, bracelet). 

Magnetization of metallic objects lasts months and years after a stroke of lightning and is important 

for forensic reasons. 

Injuries of Particular Organs 

The character of the injury depends not only on the type of the lightning and the place where 

it strikes, but also on the conductance of certain tissues. The best conductors are the nerves, then 

come vessels, muscles, skin, tendons, fat, and lastly the bones. The tissues of least resistance are 

regularly damaged the most. The range of injuries in various tissues and organs is wide, from mild 

and superficial lesions to heavy, profound "thunder strokes" with dilaceration and avulsion of 

organs out of the abdominal or cranial cavity (4, 20). 

Skin injury is absent in only 11% of LI victims and 53% injured have multiple burn sites (4). Mild 

changes of skin adnexa are the least form of these injuries. “Wavy hair" after a stroke may, in 

particular cases, be of forensic importance. Feathering patterns, regularly cited in classic medical 

textbooks, are caused by coagulation of the blood in superficial layers of the skin. They are created 

by erythematous markings that heal without scarring. Contact burns most often occur in areas at 

contiguity with tight-fitting damp suit or metallic jewellery and other objects. Flash burns are 

brownish or erythematous areas originated by lesions of superficial skin layers by the thermal effect 

of lightning. White mottling is often seen peripherally secondary to intense vasoconstriction during 

the initial stage. Lightning-prints are crater-like defects in skin and subdermal layers reaching down 

to the fascia or muscle. They are caused by relatively low voltage current. The entrance point of the 

lightning is usually situated on the head or neck, and can also be missing. The exit point is found 

regularly and is created by tearing of the skin in the outward direction. It is often combined with 

tearing of outfit, socks and shoes, and with their baking together (2, 4, 5, 9, 10, 16, 17). 

Neuropsychiatric complications of LI are very frequent. There are early and late 

neuropsychiatric complications that can be persistent or even permanent. During the acute stage 

of LI, there can occur disturbances of consciousness lasting seconds to minutes and longer psychic 

changes (especially confusion). Focal neurological symptoms are mostly manifested in the form of 

transient motor or sensory disturbances. Lightning paralysis (keraunoparalysis) is manifested by a 

flaccid paralysis with changes of sensory functions involving maximally the legs and lower trunk. 

After the initial lesions of his consciousness, the injured person is not able to get up or to move a 



limb. There is no amnesia on this period and all symptoms last less than 24 hours. Lightning paralysis 

was first described by Charcot in 1889. Since massive accompanying vasomotor changes are present 

and the disturbances are reversible, significant vascular functional-changes are presumed to 

condition this syndrome. Epileptic seizures during acute LI are not so rare either. Vasomotor changes 

with cyanosis and oedema of the limbs are consequences of sudden changes of stimulative type in 

the autonomic nervous system. Peripheral nerves are relatively rarely injured, and so is a form of 

localized or generalized neuropathy (4, 8, 16). 

The early neuropsychiatric complications have been most commonly ascribed to initial 

hypoxia, complicating cerebral oedema, direct damage to ganglionic cells by the lightning discharge, 

and also to possible concussion injury sustained as a result of the fall. Many authors presume abrupt 

cessation of cessation of metabolism in all nervous cells, which may delay the onset of degenerative 

processes in the brain cells in cases of ensuing anoxia and ischaemia, and explain successful delayed 

resuscitation (4). 

As delayed neuropsychiatric complications of LI, hemiparesis, aphasia, and painful neuralgia 

in the extremities have been described. LI may perhaps be conducive to the inception or 

acceleration of chronic degenerative cerebral processes, but also illnesses such as amyotrophic 

lateral sclerosis or even schizophrenia. Serious progressive myelopathy with evidence of 

demyelination and often fatal outcome has repeatedly been described. This myelopathy sets in a 

few weeks after LI. Long-lasting psychical disturbances appear mostly as hysterical manifestations 

such as transient blindness, deafness, and loss of speech. Many victims of LI develop uncontrollable 

thunder and lightning phobias (8, 12). 

Heart injuries can attend practically any LI, but within a distance of up to 50 meters from the 

place of stroke the hazard for the heart is high. Also ground currents, stride potentials, can lead to 

fatal heart injury. The pathophysiological processes leading to cardiovascular complications are 

various: anoxia caused by arrest of breathing or by initial dysrhythmia, massive catecholamine 

release, central nervous system stimulation, direct myocardial necrosis, or contusion (4, 5, 8). 

Heart arrest is caused by sudden depolarization of the entire myocardium. Of the persons who 

die of LI, 75% have cardiopulmonary arrest. Unless anoxia or other complications develop, 

spontaneous sinus rhythm returns. Arrhythmias appear relatively less frequently, and for the 

discharge to hit during a vulnerable phase of heart must do so between the start of the T wave and 

its summit Then ventricular and rarely atrial fibrillation appears. Ischaemic-anoxic changes of the 

myocardium afflict exclusively the superficial layers, but never the sub endocardial. Total transmural 

necrosis in autopsy have been described in fatal casualties. Ischaemic-anoxic myocardial changes 

can lead to the development of cardiac dysfunction as late-effect. An "angina pectoris electrica” 

that lasts weeks to months has been described after LI. Excessive initial catecholamine release  may 

be manifested by transient hypertension, tachycardia, and cold and cyanosed extremities The heart 

lesion dynamics may be appropriately monitored by electrocardiography (4, 8). 

Musculoskeletal injuries may originate on the basis of the violent muscle contraction caused 

by the lightning discharge, as a result of severe vasoconstriction, but especially from falls and 

secondary injuries. Ruptures of muscles, tendons, fractures of bones, oedemas and necrosis of 

muscles often appear. Anaerobic clostridium infection of the necrotic muscles is but an exception. 



Profound burns can lead to coagulation necrosis, up to carbonification of bones and muscles (4, 8, 

18). 

Eye and ear lesions produced by lightning occur in acute and late forms. At the acute phase, 

various disturbances of visual acuity appear, which may be caused by corneal ulceration or 

perforation, injuries of the retina or optic nerve. In the hearing apparatus, there are frequent 

ruptures of the tympanic membrane, occasionally accompanied with injuries to the ossicles and 

sometimes temporal bone injury or lesions in the inner ear structures: Neurosensory deafness and 

dizziness are frequently described. Cataract may develop relatively often as an after-effect with a 

few months' or even years' delay. Pathophysiologically, the development of this cataract is not yet 

quite clear: is it caused by the direct thermal effect or by the luminous effect, the so-called flash 

mechanism (4, 20). 

LIs differ from high-voltage injuries in several ways. In the case of lightning, there is a direct 

current, although of great intensity, great energy, and short duration. Generally, it is less dangerous 

for the human organism than an alternating high-voltage current, which potentially produces a 

longer effect. LI has more frequently caused heart arrest, while high-voltage alternating current 

ventricular fibrillation.  Also the burns in the case of LI are more superficial and -commonly smaller 

in extent (4, 16, 17). 

Fatal casualties. 

Fatal casualties amount up to 30% of the victims. The cause of death is mostly cardiac (heart 

arrest or arrhythmias), other causes are electric shock and brain injury. Sudden death can also occur 

after a “direct stroke” of lightning, with-tearing and avulsion of inner organs. Breathing paralysis can 

be of central nervous or peripheral origin, and thus a generalized disorder of transmission of 

impulses across the neuromuscular junction or a sudden metabolic disorder in muscles and can also 

be fatal. As brain injuries leading to death have been found at autopsy brain oedema with point 

haemorrhages and dispersed lesions of ganglion cells. Such changes are caused by the direct thermal 

effect or by metabolic disorders accompanying the passage of electric current through the brain. 

Passage of the current from the surface of the skull is facilitated also by transmission through the 

venae emissariae directly to the cerebral cortex. Late deaths caused by lightning can be secondary 

on myocardial lesions and also on damage of other organs - kidneys in myoglobinuria, brain in 

subdural haematoma, spinal column in demyelinating myelopathy (1, 4, 8, 18). 

Auxiliary Investigations 

Careful electrocardiogram monitoring is the most important of all auxiliary investigations. The 

typical changes are an ST segment depression, T wave inversion, QT prolongation, P wave changes, 

and arrhythmias. In rather extensive muscle injury, myoglobinaemia and myoglobinuria may appear 

and renal failure develop. Disintegration of muscles brings about an increased level of total 

creatinkinase. Intravascular haemolysis may lead to haemolytic jaundice (5, 8). 

In victims with disturbed consciousness, seizures, and other cerebral symptoms, an important 

examination is bran CT, which can detect oedema, cerebral necrosis, haemorrhage, subdural 

haematoma; and electroencephalography, which is able to discover focal and diffuse changes and 

also specific paroxysmal changes. For persistent paresis or signs of neuropathy, an important 



method is electromyography, which can evaluate the character and suggest a prognosis of the 

lesions (8, 18). 

First-Aid Measures. 

First-Aid measures after Ll have some specialities. Frequently many people are .injured and 

the unconscious victims ought to be resuscitated first, although they appear to be dead to the 

layman. This will ensure that those victims without changes of consciousness will have a good 

prognosis prospectively even when they have suffered severe injuries. Owing to the deceleration of 

degenerative charges in the brain from anoxia, the success of resuscitation appears to be frequent 

also after prolonged delay. Following technical rescue and securement of the victims against 

possible further injury (fall) in an exposed terrain; cardiopulmonary resuscitation begins. An initial 

stroke on the breastbone is the important measure in attempting to return the Spontaneous sinus 

heart rhythm in the very frequently occurring cases of commencing heart arrest. Then follow 

clearing of the airways, mouth-to-mouth breathing and outer heart massage. The next acts of 

premedical self-help and mutual help are treatment of other injuries, antishock measures, and 

transport of the victim (1, 4, 5). 

Medical aid includes qualified help on the spot, during transport, and in the health centre. 

Every person injured by lightning should be monitored (ECG) and observed in an intensive care unit. 

Victims of LI have to be managed as patients with polytrauma, burns, and developing shock. Shock 

control is very important, so is hydration (especially in myoglobinuria by in the crush syndrome), 

administration of corticoids (in brain oedema), management of fractures and injuries of the skin and 

muscles (in muscle swelling also fasciotomy is necessary). Intravenous administration of beta-

blockers is very effective, if there are signs of excessive catecholamine release with tachycardia, 

hypertension, and pallor. Epileptic seizures usually disappear soon after intravenous diazepam. 

Tetanus prophylaxis is necessary in all victims, but antibiotics need not be given. With delayed 

cataracts an expecting attitude is recommended, because relatively often the cataract resorbs 

spontaneously. In patients with tympanic membrane perforation, similarly, a 6 - 12 months' delay 

of tympanoplastic surgery is recommended, since spontaneous healing can be delayed by the hare 

done to vascular supply by the lightning (1, 4, 5, 8, 20). 

Case Analysis. 

For illustration, two characteristic case reports of LI in mountaineers are presented below. 

Case 1. A 25-year-oldd construction technician, an experienced climber, was injured by a ball 

lightning during the last pitch of ascent in Travnik in the Julian Alps (Yugoslavia) on 26. 8. 1982. The 

entrance point of the lightning was behind his left ear and the exit point on his right foot. His partner 

immediately made all resuscitative efforts including the stroke on the sternum and outer heart 

massage. The initial coma lasted 30 minutes and then confusion with unrest continued for 2 hours. 

This injured mountaineer was hospitalized for 10 days and, in all, was disabled from work for only 

one month. The auxiliary investigations yielded an only positive finding in electroencephalography, 

where focal changes in the left fronto-parietal area with signs of increased disposition to seizures 

lasted for 4 months. He was medicated with diazepam, 3 times 5 mg daily, and the EEG signs entirely 

normalized. In the clinical picture there was only a slight sensory disturbance on the dorsal surface 



of the right foot, the place of the exit point of the lightning. During the subsequent period he was 

very active in mountaineering. Unfortunately he died in 1988 after having conquered the Marmor 

pillar on Chan-Tengri (6995 m) in Tian-Shan during the descent from this mountain. 

Case 2. A 30 years old designer, an active climber for a long time, was hit by lightning on the 

summit ridge of Lysskam in the Wallis Alps (Switzerland) in August 1973. He was the last of three 

climbers to have ascended the wall and the three of them were walking at some distance in 

between. In the thin mist the climber had been hearing the buzzing of ace-ayes for a few minutes. 

The discharge was so silent that the other two climbers did not notice it and were surprised, to find 

their partner lying on the snow and injured by lightning when they had not any thunder. The 

discharge passed from between the helmet and the top of the head, along the neck, trunk, and both 

legs to the leather boots and crampons. The injured climber had been unconscious about ten 

minutes and was immediately resuscitated. The he was disoriented for a short time, but there was 

no amnesia. Because of severe disturbance of equilibrium and the pain in his calves, he was not able 

of stand and walk and was therefore drawn on the snow by his partners. From emergency bivouac 

he was transported to Zermatt by a helicopter, He suffered severe burns of the skin, subdermal 

layers, superficial layers of the occipital bone, and deep burns of the left heel and dorsum of the 

right foot that required a few weeks´ hospitalization. After 1.5 months he was able to make only a 

few steps with assistance owing to persistent disturbance of equilibrium; after three months from 

the date of the injury he was able to run on skis (but kept falling); after 8 months he was climbing 

quite well although he remained very uncertain and would often fall down while walking. He began 

to run after 1.5 years. Nowadays he complains only of not feeling fully certain when running or 

walking and he is still a very active and good climber. 

Prevention of Lightning Injury. 

Prevention of LI requires not only qualified tour planning, but also special knowledge of 

meteorology and the physical relations in mountainous terrain. Before planning a tour one must pay 

careful attention to the weather forecast (TV, radio) and examine and follow the weather locally 

with respect to the possible occurrence of a thunderstorm (temperature. type of clouds, mist). The 

tour should to be planned so as to avoid afternoon thunderstorms as much as possible. It is 

necessary to start the tour early in the morning so as to return, depending on the weather, about 

noon from exposed terrain (4, 8). 

The risk of LI increases with the presence of thunderstorm clouds (cumuli and cumulonimbi) 

and of "good conductors" in the close surroundings. These can be minerals (granite, crystal slate, 

radioactive sediments), certain trees (larch, oak, maple, beer, lime), ground water, springs, 

watercourses, and also moistened soil. There is lesser danger of LI while the mountains are in mist, 

in region of poorly conducting minerals (compact limestone. scree, grainy soil), and fir trees perhaps 

also attract lightning less (8). 

The safest shelter in the case of a thunderstorm it a building or car. Mostly one does not have 

such an opportunity and so good conductors in one's surroundings should be avoided. Dangerous 

can be secured ascents so-called "iron routes" with steel ropes or chains, and one should avoid 

shelter under trees especially, fissures in rock in the vertical direction (overgrown by grass and 

moist), boundary lines of rocks, also in valleys and saddles. Unsuitable is shelter in a cave unless it 



is roomy. Danger of being struck via round currents threatens at the entrance, the rear, or the walls 

of a cave. It is safer if there is a gap of not less than 1.5 meters between the roof and one's head. 

For the same reasons it is not safe to seek shelter under small overhangs. One should not belay in 

the vertical direction, especially using a wet rope. In view of possible heart complications in the case 

of a lightning stroke, rope belay across the chest should be avoided, but securement by means of 

sit-harness or rope bound around the buttocks is recommended. A longer stay in an open plain 

terrain can perhaps also be dangerous, because a lightning channel can develop during the storm. 

Nowadays the opinion prevails that it is not necessary to be devoid of metallic mountaineering 

sports outfit (hammer, ice-axe, screws, and chocks). The ice-axe should be positioned horizontally 

and, together with all other metallic equipment, kept at sufficient distance from the shelter. 

In the case of acute danger of LI during a tour, one ought to try find the best shelter in the 

surrounding terrain. The most suitable seems to be a certain depression that is at least 2-3 meters 

off the wall or, in a plain area, 10-12 meters away from any conspicuous elevation. It is important 

to curl up in a squatting or sitting position on a dry rope, isolating mat, or rucksack affording isolation 

from the ground. To prevent generation of stride potentials, the legs should be kept close together, 

the arms close to the trunk, and hands clasped or nearly so. Because of ground currents it is 

forbidden to lie down on the ground. Covering with Zdiarsky's sack is suitable, but according to the 

newest information an aluminium foil cover so often recommended in the past can be risky in some 

cases. 

If a storm should come during a mountaineering ascent in difficult terrain, stay on the summit 

or exposed ridge should be avoided. One is not recommended to stand upright. From such exposed 

places it is better to return to the wall. A sitting or squatting position on dry rope can also be taken 

on the small platform, with the feet and hands close together and no vertical belay (4, 8, 11, 14). 

Conclusion. 

The danger of being struck by lightning in mountainous and rocky terrain is surprisingly great. 

Various types of lightning and different ways in which lightning strikes have been responsible for 

the very multiform clinical pictures encountered in lightning-injured persons. Primary and 

secondary injury can be incurred. Different organs, especially the skin, heart, nervous system, 

muscles, bones, and sensory organs, especially the eye and the ear can be affected. Sometimes LI 

leads to late effects (heart dysfunction, cataracts, demyelinating and degenerative cerebrospinal 

disorders, “psychic changes”). In rendering first-aid the rule is to concentrate all resuscitative efforts 

on victims with disturbed consciousness and to use the initial stroke on the sternum to reverse heart 

arrest. Even resuscitation applied long after the lightning stroke has repeatedly been successful. 

With appropriate medical management, LI patients with polytrauma, burns, and evolving shock 

have been cured. Initially they should hospitalized at intensive care units and monitored 

electrocardiographically. Emphasis should be placed on prevention, which implies knowledge of 

meteorology and the physical environment and qualified planning of tours. When a man is caught 

up in a storm, then rational behaviour, especially search for the safest possible shelter and position 

is recommended. 
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MOUNTAIN ACCIDENT – SEVERE ABDOMINAL BLEEDING – FIRST AID? 
V. Hradec; Department of Surgery, District Hospital Dolný Kubín, ČSSR  

Abstract 

Severe bleeding in the abdominal cavity is always a situation difficult to resolve in the 

mountains. The.possibility of the first aid presents the counter pressure of the abdominal wall of 

the compressive bandage. In the mathematic-physical model, a group of volunteers and 

experimental animals the efficiency and limiting factors were confirmed. For satisfactory 

compression 40-50 mmHg are enough, which is available even in improvised circumstances by the 

fixation and pressing of the soft pelot on a half of its initial height. Simultaneous bandage of lower 

extremities is necessary, bleeding under compression has to be carefully stopped. Prevention of the 

acidosis and developing of the turniquet syndrome consists in controlled interruption of the 

compression. 

  



II. ACCIDENTS IN HIGH-ALTITUDE MOUNTAINEERING 

DEATH DURING MOUNTAINEERING AT EXTREME ALTITUDE 
A. Pollard, Ch. Clarke; St. Bartholomew's Hospital, London, UK 

Each year the mountaineering press contains too many reports of fatalities on expeditions. 

Two years ago Alan Rouse and Julie Tullis died on K2 after 5 nights above 8,000 meters. We can't be 

sure of the precise cause of their deaths, but we do believe that at last some tragedies, like those 

on K2, must be avoidable. 

We have attempted to identify the factors contributing to loss of life on British expedition over 

the past 20 years (Fig. 1.). We chose peaks over 7000 m because they were likely to have received 

more detailed reporting and provided a finite source of data. 

Fig. 1. Deaths at high altitude.  Fig. 2. Fatalities at extreme altitude. 
1968-1087 
83 British Expeditions   23 deaths of the 41 peaks visited 
7000 nerves or above    1 death every five expeditions 
533 Mountaineers    Mortality rate: 4.3% (23/533) 

During this period 533 mountaineers went on 93 such expeditions. Our analysis showed there 

were 23 deaths on 10 of 41 peaks visited (Fig. 2). One death every fifth expedition or 4.3% of those 

visiting these high mountains. 

We arbitrarily divided the fatalities into those occurring below 6500 m and those above. Table 

1 shows the principal cause of death as gleaned from expedition reports (1) divided into these two 

altitude categories. Below 6500m 7 deaths were thought to have been caused by accidents and 1 

from high altitude cerebral or pulmonary oedema. Above 6500 m 9 were accidents. 3 were due to 

high altitude complications and three were of unknown cause. Expressed another way (Table 2) 

nearly all deaths below 6500m were caused by falls, rock fall or avalanche which are unfortunate 

accidents associated with the hazards of the terrain of the Great Ranges and probably not associated 

with hypoxia. At these more modest altitudes mountaineers are very aware of the problems of 

acclimatisation. 

Table 1. 
Altitude   Total 

Cause of Death   <6500m >6500m  
Falls, rock fall, avalanche   7  9 16 
Cerebral/pulmonary oedema   1  3  4 
Uncertain     0  3  3 

Total   8  15 23 
  



 
Table 2. 

Altitude   Total 
Cause of Death   <6500m >6500m % 
Falls, rock fall, avalanche   88  60 59.6 
Cerebral/pulmonary oedema   12  20 17.4 
Uncertain     0  20 13. 0 

Total   100  100 100. 0 

In the higher category only one fifth of fatal accidents were definitely associated with altitude 

hypoxia. However, it seems likely that in those deaths apparently due to objective dangers there 

are important components of misjudgement, disorientation or exhaustion caused by severe 

hypoxia. The Table 1 shows that twice as many climber died above 6500m as died below, suggesting 

that hypoxia may have a causal role in these accidents. 

It seems that mountaineers are still unaware of the danger of hypoxia at these extreme 

altitudes. Once they have overcome the unpleasantness of acclimatisation at lower altitudes they 

are still at risk from sudden onset of high altitude pulmonary oedema/high altitude cerebral 

oedema. 

At least some of these deaths could have been prevented if early signs of cerebral or pulmonary 

oedema had been treated by rapid descend, the use of oxygen and dexamethasone. 

Bottled oxygen would almost certainly have reduced the number of both traumatic and medical 

deaths but its use is limited for logistic reasons and only one individual in our study was using it. 

We urge the extreme altitude mountaineers of the 1990's to take heed of these figures and 

reduce this unacceptable high mortality. 

(1) Mountain Magazine (1968-1887) 1-118, Sheffield. 

  



AN ANALYSIS OF THE DEATHS ON K2 IN 1986 
B.L. Holt, Doctor to the British K2 Expedition 1986 

Abstract 

During the summer of 1986 nine different expeditions were given permission to climb K2. A 

total of twelve climbers including Alan Rouse, the leader of the British team, lost their lives in 

different accidents. An analysis of the deaths is presented by the British doctor, who has specialized 

in problems of hypoxia and the causes involved. When considered in conjunction with other recent 

Himalayan climbing accidents, certain conclusions are reached concerning high altitude deaths. In 

particular the problems of climbing at extreme altitude without oxygen are examined. 

In the summer of 1986 no less than nine different expeditions were given permission by the 

Pakistan authorities to attempt K2. This put a great strain on the resources of the area and some of 

the later expeditions had difficulty in recruiting porters for the walk-in base camp. The result of this 

excessive number of expeditions led to some unfortunate incidents and at least four of those 

offering their services as porters perished along the way from Dassau to Concordia. The early 

expeditions had not only the best porters, but also reasonable clean camp sites on the trek to base 

camp. 

The first expeditions to arrive were those of Maurice Barrard and Renato Casarotto closely 

followed by the British expeditions of Alan Rouse. The main base camp area on the Goodwin-Austin 

glacier rapidly assumed .the proportions of a small village with the arrival in early June of an 

American Expedition and the Italian "8,000" Expedition. 

At this time the weather remained comparatively clear and the British made good progress on 

the long North West Ridge route, establishing an advance base and two further camps. 

The first of many disasters struck on June 21st when the Americans attempting the South Pillar 

had two of their climbers killed in an avalanche. 

The body of the expedition leader Jon Smolich was never found, but that or Alan Pennington 

was recovered and buried at the Gilkey Memorial above the base camp. 

During this period of good weather, two Spaniards from Casarotto's team made the first 

ascent of the season, and were followed by all four members of Maurice Barrard's team. On the 

descent Maurice and Lilian Barrard fell behind and although Michael Parmentier waited for them, 

they never appeared at Camp IV. The weather was deteriorating at the time and high winds had 

sprung up. It may be that they were blown off the ridge. Lilian's body was later recovered by the 

Korean expedition and was buried at the Gilkey Memorial. 

The Americans, after their tragic loses, abandoned the South Pillar route as did the Italians. 

On the 5th June six members of the Italian expedition reached the summit by the Abruzzi Ridge and 

were followed by two members of Herrligkoffer's International Expedition. Two members of the 

Polish team succeeded in reaching the summit on 8th July by a new route up the South Face. While 

descending the Abruzzi Ridge in bad weather Piotrowski who had lost a crampon slipped and fell to 

his death. 

During this time the British expedition had been continually hampered by bad weather and in 

mid-July decided to attempt the Abruzzi Ridge instead of the intended North West Ridge. 



On the 13th July Casarotto was descending the lower slopes from Camp 1 to Base Camp after 

reaching a point only 200 meters below the summit on the South West Ridge. He abandoned his 

solo attempt because of bad weather. When only about, two hours from Base Camp he fell through 

a snow-bridge into a crevasse. Although injured he was able to radio Base Camp for help. At first it 

was not thought to be too serious and a few climbers from various camps went to his assistance. At 

midnight a call went out for a major rescue attempt and although he was hauled from the crevasse 

he had obviously suffered major internal injuries and he died despite all efforts to save him. 

Towards the end of July many expeditions had decided to withdraw and only the Austrian and 

Korean expeditions were left to make their first attempts at the summit via the Abruzzi Ridge. 

The remnant of several other expeditions also made an attempt at this time. An August 3rd 

three members of the Korean expedition reached the summit followed closely by to Poles. Wojciech 

Wroz disappeared during the descent to Camp IV. 

On August 4th two of the Austrian Imitzer and Bauer reached the summit closely followed by 

the leader of the British expedition Alan Rouse. These-three descended to Camp IV with Wolf who 

failed to make the summit. Diemberger and Tullis who had previously been over 8,000 m with the 

Italians also reached the summit late in the evening and had to bivouac on the descent to Camp IV. 

The weather deteriorated rapidly and although Diemberger and Tullis made it back to Camp 

IV on 5th August it was impossible to descend further and everyone was trapped by a ferocious 

storm. It appears there was insufficient fuel to smelt snow and dehydration was a major problem, 

and the fact that there were insufficient tents. 

Tullis who had been suffering double vision presumably as a result of cerebral oedema died 

during the night of 7th August. Of those trapped at Camp IV, Tullis. Imitzer, Wiener and Wolf 

perished, the last three during the descent which was attempted on 10th August. Rouse was 

incapable of moving and was left in his tent. Wolf died probably as the result of abseiling and Imitzer 

and Wiesser collapsed from exposure. 

In all there were 13 deaths on K2 during that summer of 86. Some of these were obviously 

due to unavoidable accidents but certain lessons can be learnt. 

Of those who were successful it is obvious that they spent relatively short time at altitude and 

in the cases of Rouse, Diemberger and Tullis all three had been at base camp for over two months 

and had been to over 7,000 m on at least one occasion. They had all three suffered considerable 

physical deterioration and this is very obvious from the photographs taken of Alan Rouse. 

The deaths of the two Americans and Casarotto occurred at relatively low altitude and can be 

considered to be pure accidents that were not related in any way to altitude. The accidents of the 

two Poles, Piotrowski and Wroz were also accidents but altitude and fatigue were undoubtedly 

factors that may have caused them to lose concentration. 

The deaths of the husband and wife team of Maurice and Lilian Barrard is something of a 

mystery because they were descending not far behind Parmentier. We know that Morice was not 

feeling well and had received medication, and he may have slipped and fallen, taking Lilian with him. 



The deaths of Julie Tullis was almost certainly a result of cerebral hypoxia, and she had been 

demonstrating symptoms of this before reaching Camp IV when fuel ran out and the weather 

prevented any retreat. 

The deaths of Imitzer and Wiesser were also due to exhaustion combined with exposure, and 

Wolf may have died as a result of abseiling, with which she was having difficulty. With the profusion 

of fixed ropes on the Abruzzi, it is surprising that more accidents did not occur, because in bad 

weather it was difficult to see which ropes were new and safe and which were old and rotten from 

previous expeditions. 

In the final analysis it would seem that climbing to over 8,000 m without oxygen requires good 

weather and extreme fitness so that the time spent above 7,000 m is kept to an absolute minimum. 

After arriving at base camp there is a continual period of acclimatization about three weeks when a 

climber probably reaches maximum fitness. He will remain at this peak for a period of approximately 

another three weeks and any summit attempt should be made in this time. After about six weeks at 

base camp and above, a slow deterioration begins to take place and although the temptation to 

make a summit bid may be strong it must be realized that as time progresses it becomes potentially 

more dangerous. This the lesson that must be learned from the Deaths on K2. 

  



INCIDENCE OF ACUTE MOUNTAIN SICKNESS ON THORONG-LA (5400 m), NEPAL. 
B. Kayser; Himalayan Rescue Association. 

The results of an epidemiological study on Acute Mountain Sickness (AMS) are discussed. AMS 

was studied with the use of questionnaires in trekkers going over the Thorong pass (5400 m) on the 

trek around Annapurnas. These questionnaires consisted of two parts, a general part with questions 

on items like sex, age, weight, personal rate of ascent, knowledge about AMS and a measuring part 

consisting of several copies of the Environmental Statistical Questionnaire III (Sampson et al., 1983). 

During a period of 8 days in November 1986 questionnaires were issued to every trekker 

coming through Manang (3535 m) or Muktinath (3800 m, opposite side of the pass) on their way to 

the pass. 500 questionnaires were issued, 371 were returned, 353 were used for analysis. 

We considered trekkers with scores over 0.7 for AMS-C (cerebral score) and 0.6 for ANS-R 

(respiratory score) to suffer from AMS. 

The overall risk of AMS was 58%. The risk of developing AMS-C was 38% and of AMS-R 54%; 

38% developed both AMS-C and AMS-R. AMS was positively correlated with speed of ascent and 

negatively correlated with pre-trek acclimatization. Women suffered from the condition more often 

and developed more serious AMS than men. We found a positive association between the body 

mass index (weight/squared length) and AMS. We also found evidence that a good physical 

condition in trekkers over 35 year’s age could be protective against AMS. We found no significant 

association between AMS and smoking habits, use of oral contraceptives, previous high altitude 

experience, special pre-trek training, size of trekking party, or kind of travel organization. Eighty per 

cent of the trekkers had good knowledge of AMS. 
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HIGH ALTITUDE CEREBRAL OEDEMA 
Ch. CLARKE; Consultant Neurologist, UIAA Mountain Medicine Data Centre, St. Bartholomew's 

Hospital, London, Great Britain 

Abstract 

Neurological problems at altitude were recognised by the European physiologists of the 19th 

century and many of the features of what we would today call early Cerebral Oedema were 

described by Dr. Thomas Ravenhill in South America in 1913. The subject received little further 

attention until the later 1960's and early 70's when it became apparent that the cerebral features 

in severe Acute Mountain Sickness (AMS) were common, occurring either in isolation, or with High 

Altitude Pulmonary Oedema. The "Cerebral Forms of AMS" and "High Altitude Cerebral Oedema" 

were used to describe these clinical conditions. 

We now recognise that Cerebral Oedema occurs in two different settings; 

1) Cerebral Oedema of Acclimatisation. This is a common syndrome of headache and ataxia 

with a variety of neurological signs, which may progress to stupor, coma and death. It occurs during 

ascent from altitudes of 3000 to 5000 meters. 

2) Cerebral Oedema of Extreme Altitude. This describes the sudden deterioration of brain 

function and appearance of Cerebral Oedema in climbers above 5500 meters who are apparently 

well acclimatised. It is probable that many deaths at extreme altitude have been caused, at least in 

part by this condition. 

The neuropathology is of brain oedema, arterial and venous infarction. Changes in cerebral 

blood flow in response to hypoxia, polycythaemia and changes in clotting and fibrinolysis contribute 

to the pathophysiology. 

Treatment, as with other forms of severe AMS is with descent and dexamethasone. Early 

recognition is important. Regular ophthalmoscopy and haematocrit measurements may help to 

decide which climbers may be at risk or who show early signs of oedema at extreme altitude. 

Other neurological problems also occur at great height: cerebral infarction, either cortical or 

brain stem, and transient cerebral ischaemia are described. Classical hemicranial migraine also 

occurs at altitude, epilepsy may be precipitated by AMS in susceptible subjects. 

This paper reviews the clinical and practical aspects of these important high altitude problems. 

Introduction 

The relationship between cerebral pathology and high altitude has been suspected since the 

nineteenth century (Professor Angelo Mosso and others) and in 1913 the British physician Dr. 

Thomas Ravenhill described "nervous" and "respiratory" symptoms in Acute Mountain Sickness. It 

is however only during the last two decades that other have emerged the clear clinical descriptions 

of the conditions now known as High Altitude Cerebral Oedema (HACO), or, more broadly as the 

Cerebral Forms of Acute Mountain Sickness. The occurrence of brain oedema and change in brain 

blood flow in response to hypoxia are now recognized as being of fundamental importance in our 

understanding of many altitude-related diseases. 

  



Cerebral oedema at high altitude may be classified as follows: 

High Altitude cerebral Oedema a) of Acclimatisation 

 b) of Extreme Altitude 

We need to distinguish it from other events caused by chronic hypoxia for example stroke and 

psychological disturbances. 

CEREBRAL OEDEMA OF ACCLIMATISATION 

Clinical features 

Ascent to altitudes above 3500 meters is accompanied frequently by the self-limiting illness 

of Acute Mountain Sickness (AMS) but in a small proportion of cases this progresses, often 

unpredictably towards High Altitude Pulmonary Oedema and/or Cerebral Oedema. 

Cerebral Oedema is rare below 3500 meters; the patient is usually aged between 15 - 45 years 

and usually has some symptoms of AMS for several days before developing a severe headache with 

many features of an intracranial origin – it is worse on coughing, stooping and straining; the patient 

may have to sit up constantly to remain comfortable. Psychological changes may occur in the early 

stages varying from irritable and irrational behaviour to obvious delusions, hallucinations and 

confusion. Clouding of consciousness with somnolence, stupor and coma follows. Early clinical 

features are of ataxia, particularly truncal, causing a staggering gait; there is a slurring of speech and 

double vision. Irregular periodic respiration is usually present and may be an early finding, 

particularly at night. A wide variety of neurological signs may be present – papilledema, cranial 

nerve palsies, nystagmus, truncal and limb ataxia, pyramidal signs and neck stiffness. The 

development of this clinical picture may be acute, over several hours or gradual over several days. 

Recovery may occur at any stage but once coma ensues the mortality is over 60%s. 

Cerebral oedema has serious implications and a typical case history is given below. 

"A 40 year old previously fit male, flew to 2750 meters and over the next five days walked to 

5200 meters. He developed severe headaches and became stuporous. 24 hours later he was in 

coma: There was papilledema, neck stiffness, and extensor plantar responses. He died 48 hours 

after the onset of the illness.” 

Pathology 

The morbid anatomy of cases of HACO has received detailed study. Macroscopically the brain 

is oedematous with flattened gyri. Tonsillar herniation may be present. Histological examination 

shows widespread petechial haemorrhages, small intracerebral haemorrhages and sometimes 

cerebral venous thrombosis. 

Investigation 

Clinical investigation during life of cases of established cerebral oedema has added relatively 

little to the knowledge gained from the clinical picture and morbid anatomy. Detailed physiological 

studies have often been precluded by the clinical setting of as severe illness at high altitude. CT 

scanning has shown small or normal ventricular size with periventricular low attenuation areas 

characteristic of oedema. EEG slow wave changes seen in many diffuse cerebral disease also occur. 



Lumbar puncture, which is usually in this condition, has shown fluid at an increased pressure. The 

constituents are usually normal though there may be xantochromia. 

Pathophysiology 

Any hypothesis explaining the development of cerebral oedema must unite the following 

factors: 

a) clinical symptoms, 

b) postmortem findings, 

c) changes in cerebral blood flow in response to hypoxia, 

d) time course of the condition in relation to exposure to hypoxia. 

The clinical picture is consistent with the pathological findings – there is evidence of severe 

generalised extracellular brain oedema with haemorrhagic micro-infarction. The neurological 

findings are due to the combination of these pathological processes – for example the ataxia, 

presumably due to early tonsillar herniation, or a hemiparesis, presumably due to micro-infarction. 

The elegant yet simple hypothesis of Sutton and Lassen ("AMS and HAPO have a common 

pathophysiological basis: both are due to increased pressure and flow in the micro-circulation, 

causing oedema in the brain and oedema in the lung"), does much to elucidate altitude-related 

disease. What their hypothesis does not explain is the time course of Cerebral Oedema (which 

usually develops several days after arrival at high altitude, at a time when cerebral blood flow (CBF) 

should be decreasing) or the appearance of brain oedema at extreme altitudes after long sojourns 

(see below). We need more about cerebral blood flow in sick climbers, and also detailed coagulation 

studies. 

Treatment 

The recognition of the early stages of cerebral oedema is of great importance. Irrational 

behaviour, severe headaches, drowsiness and unsteadiness of gait may be the only clinical features 

of this serious disease. Early recognition is vital and treatment is urgent, and simple, in the early-

stages. Descent rapidly to low altitudes (below 

3500 metres, if possible) is imperative and is frequently followed by rapid and complete 

clinical improvement. Oxygen may be given if available. Dexamethasone or betamethasone given 

orally or by injection help cerebral oedema dramatically probably by stabilising the blood brain 

barrier. The usual daily starting dose is dexamethasone/betamethasone 16 mg/day, decreasing as 

soon as the clinical situation permits. Sedative drugs should be avoided and if possible, all powerful 

analgesic. Sleep may be more comfortable if the subject is sitting up. Acetazolamide may help the 

headache of very mild cerebral oedema. 

In the author's opinion, early treatment with dexamethasone should be considered in all cases 

of severe Acute Mountain Sickness, and this with descent to low altitude are the only important 

manoeuvres in the treatment of the condition. 

It is tempting in the Himalayas to arrange an aerial rescue or simply to wait at high altitude to 

"see how things are in the morning". Frequently, between these extremes it would have been 

possible to carry or walk a patient five hundred metres lower rapidly, even at night or in bad 

weather. 



It is difficult to give an accurate prognosis for treated cerebral oedema. Mild causes merge 

with AMS and are clearly self-limiting. Severe ataxia of gait, papilledema and clouding of 

consciousness are sinister findings and of published series the overall mortality when they are 

present is of the order of 50%. 

CEREBRAL OEDEMA OF EXTREME ALTITUDE 

The literature of HACE indicates that the condition occurs most frequently during 

acclimatisation and that the usual factors predisposing to severe AMS are present – rapid ascent, 

strenuous exercise, intercurrent illness, disregarded of early symptoms of mild AMS and sedative 

drugs. There are however- instances of life threatening cerebral oedema which have occurred 

acutely in fit acclimatised climbers at extreme altitude. 

Case 1. In 1975 during the fourth week above 7000 meters, a 29 year old Sherpa working at 

7200 meters on the SW Face of Everest became drowsy and ataxic with a headache. He descended 

the fixed ropes face and was escorted to camp at 6200 meters on the Western Cwm. He could barely 

stand, he was sleepy and had irregular respiration. On neurological, examination there was no neck 

stiffness. Severe bilateral papilledema was present. 

He descended to 5200 meters with assistance on the second day, having been treated with 

dexamethasone. He made a complete recovery by the fourth day. 

Unknown to myself he re-ascended the Khumbu Icefall the following week and worked at over 

7000 meters without further symptoms for a further 10 days! 

Case 2. A previously fit 28 year old climber during the seventh week above 5000 meters was 

climbing (without oxygen) at 8200 meters on the north east ridge of Mount Everest in Tibet in May 

1982. Whilst climbing he developed a sudden mild left hemiparesis. He managed to descend to a 

snow hole and to return next day to camp at 6200 meters. On examination he was of alert and free 

of headache. There was severe bilateral papilledema and a mild left hemiparesis. He descended to 

5200 meters and thence to 3500 meters. A weak following the incident, having flown to Hong Hing, 

there were no abnormal signs. A CT scan was normal. 

It is of interest that on a previous expedition in 1980 he had noticed bilateral blurring of vision 

with central scotomas for some days following a stay between 7500 and 8200 meters. Presumably 

he had papilledema. 

Case 3. A 32 years old British doctor was climbing Broad Peak (8073 meters) in the summer of 

1983. At about 7900 meters he became generally unwell, lethargic and unsteady on his feet, with a 

severe headache. Descent was attempted and a camp at. 7300 meters reached. His condition 

deteriorated and he became blind (or, at least, had a severe persistent disturbance of vision). Coma 

ensued. He died during the night. 

Case 4. A forty-three year old British woman was trapped in a storm on K2 (8611 meters) in 

August 1986. On the evening of her fourth day above 8000 meters, after descending from the 

summit without oxygen, she became unsteady on her feet, somnolent and uncomplaining. She 

could see properly. She died during the fifth night. During the same storm, another male British 

climber died in similar circumstances in the same camp. 



These case histories illustrate the development of cerebral oedema at extreme altitude. The 

condition appears to develop without warning after a sojourn around 8000 meters in previously fit 

apparently acclimatised climbers who are not using bottled oxygen. It can be rapidly fatal. 

Recognition is essential and regular ophthalmoscopy is certainly worth consideration as one 

of the only methods of discovering early cases. 

Dexamethasone should certainly be available at high camps. 

  



A CASE OF SUCCESSFUL TREATMENT OF HYPOXIC CEREBRAL OEDEMA 
S. Prjanikov; Kazakh Mountaineering Club, Alma-Ata, USSR 

In August 1976 we were at 7000 m on the Peak of Communism. At 8 p.m. one day I was called 

by the chief of the Japanese team to examine and give medical aid to an ill Japanese climber. 

After talking with him I got information about his condition. He was suffering from headache, 

general sickness, and he vomited. His condition went worse and worse. He stopped answering my 

questions and 2 hours he lost consciousness. He had not been treated or medically consulted before 

my visit. He was put into a warm sleeping bag and moved into a tent and he received hot and sweet 

tea. I sent an emergency report to the base camp. Before my visit the patient had had periodical 

hallucinations and urinated in his sleeping bag. 

During my examination the patient was in a horizontal position, and developed a precoma 

condition. He reacted .n the ache test. He did not answer my questions correctly. He did not breathe 

loudly and did not cough. The number of breath movements was 28 per minute. I heard difficult 

breath above all pulmonary areas. His face and hand skin was of subnormal colour. The examination 

was carried out in the tent with a climber lamp. The temperature of his hands seemed to be lowered. 

The characteristics of his pulse were good, the frequency was about 88-92. I heard a slight systolic 

murmur at the base of the heart and an accentuated second sound above the aorta. There was no 

dysrhythmia. The blood pressure was near 150/100 mmHg. The pupils were dilated, the right pupil 

being wider. The ocular tonus was lowered. The hand muscle tonus was higher. Pathological signs 

of other systems were not present. 

This condition was diagnosed as high-altitude disease complicated by hypoxic brain oedema. 

Based on the examination and diagnosis, the following treatment was started: Lasix 30 mg, 

Corglycon 0.5 mg, prednisolone 60 mg intravenously, aethaperasin (chlorpiprasin, neuropax) 10 mg 

three times daily per os. 

Aethaperasin belongs to the phenothiazine group, but it differs from phenothiazins in some 

respects. When we administered aethaperasin we hoped for -antiadrenergic, sedative, antihypoxic, 

hypotensive, and antivomiting effects. After this treatment the patient's condition became better. 

His breath improved, the pulse rate decreased to .78-80, blood pressure decreased to 120/70 

mmHg. The next day the treatment was repeated. The second night the condition did not get worse. 

Next morning we began to transport the patient down. At 5900 m his condition became 

better, he could walk on his own with the help of two rescuers. The next day we reached the base 

camp at 4200 m. The last day he patient took aethaperasin only. 

So far as I know aethaperasin has not been used in the treatment of brain oedema. 

  



BRAIN DAMAGE AND HIGH ALTITUDES 
Z. Ryn; Akademia Medyczna Kraków, Poland 

Abstract 

Psychiatric, psychological and electroencephalographic research were realized among a group 

of 40 Polish mountain climbers in the years 1968-1976. Diagnostic investigations were repeated 

before, during, and after high-altitude expeditions. As a result of these long-term studies, the author 

describes the clinical features of a particular organic injury to the central nervous system, which 

developed in alpinists because of the traumatic influence of high-altitude stress. This syndrome 

occurred in 11 persons (25%). The following elements were essential in the development of this 

syndrome: the duration of stay at high altitude, the duration of practising alpinism, acute organic 

brain syndromes, and Cheyne-Stokes breathing in the course of mountain sickness as well as altitude 

deterioration. 

High-altitude cerebral asthenia (HACA) occurred in three forms: characteropathic (6 persons), 

encephalopathic (4 persons), and neuroplegic (1 person). With the first form emotional disturbances 

prevail; with the second – a focal brain damage; and with the third – peripheral neurological 

dysfunction in the form of paresis. The course of HACA is chronic and progressive. Taking into 

consideration the specific causes and the characteristic clinical features of the disease, the author 

has introduced a name of HIGH-ALTITUDE CEREBRAL ASTHENIA (HACA). HACA constitutes a 

permanent effect of acute mountain sickness (AMS) and high-altitude cerebral oedema (HACE). 

Introduction 

Many authors and mountain-expedition doctors emphasize the incidence of various mental 

and neurological disturbances during and longer after high altitude expeditions. Usually these 

symptoms, are considered a result of the extreme physical effort and high altitude deterioration (5, 

10, 11, 12). 

The most dangerous complications in the course of acute mountain sickness (AMS) are high-

altitude pulmonary (4, 5) and cerebral oedemas (HAPE and HACE; 1-3, 8). The psychopathological 

features of HACE comprise disturbances in the psychomotor drive, the emotional sphere, memory, 

criticism, orientation, and consciousness, with somnolence, stupor and coma. In the severe cases 

the predominant symptoms are generalized and/or focal brain injury with paresis, paralysis, 

convulsions, and disturbed consciousness up to coma. 

The development of HACE is usually acute and the mortality is very, high (7, 9). In serious cases 

a residual cerebral –damage may remain for a long time or permanent. All these controversial data 

motivated formulation of the following question: Do climbs to extreme altitude cause brain 

damage? (13). 

Material and methods 

Forty Polish alpinists, the participants of high-mountain expeditions, were examined in the 

Department of Psychiatry in Krakow in the years 1968-1976. Experimental studies were carried out 

during the expeditions to Hindu Kush (1971) and to the Andes (1973 – 1974). Psychiatric 

examination were supplemented by psychological tests (Bender, Benton, Graham-Kendall, Couve) 



and electroencephalography (EEG). All these studies were tarried .out before, during and after the 

expeditions. Catamnestic examinations were undertaken one year after the expedition and 

continued 6-8 years in selected cases. 

All the alpinists were members of the Polish Alpine Club. Age: from 20 to 40 years (mean: 35). 

Marital status: 19 married, 16 single. 5 divorced. Education: university level – 32 persons; secondary 

or technical – 8 persons. Duration of alpinism: from 6 to 25 years (mean: 15 years). 

Results. 

1. Somatic and mental disturbances at high altitudes 

a) High-altitude deterioration .and Cheyne-Stokes breathing were found at high altitude in 18 

persons. 

b) Psychological pattern of AMS: 

The neurasthenic syndrome predominated: apathic-depressive (25 persons) or euphoric-

impulsive (10 persons). Sixteen persons developed an acute organic brain syndrome. This syndrome 

consisted of the following symptoms: psychomotor retardation, reluctance to activity, depressed 

intellectual fitness, somnolence, alterations of orientation and consciousness. Disturbances of 

speech, episodes of psychomotor excitement, tremor and/or convulsions, ataxia, temporary paresis 

or paralysis of limbs were also observed. 

2. Mental disturbances after the expedition 

Permanent psychopathologic symptoms concerning the intellectual, emotional, and impulsive 

spheres were diagnosed after the expedition in 11 persons. In the intellectual sphere, decreased 

speed of thinking, worsened memory, reduction of interest, and difficulty of concentration were 

observed. Depressed mood, emotional indifference, impetuosity, a tendency to conflicts as well as 

to dysphoric and aggressive reactions were found in the emotional sphere. Disturbed drives 

consisted in a depression of sexual excitability and libido, as well as in worsened appetite. 

Results of EEG recording 
n         normal        pathologic 

Before expedition  35  32    3 
At altitude   12    6    6 
After expedition  23  11   12 

D i s c u s s i o n  

These investigations indicate that the harmful factors of high altitudes not only evoke different 

functional disturbances of the central nervous system during the stay in this environment, but also 

produce remote and even permanent cerebral damage. 

High-altitude cerebral asthenia 

High-altitude cerebral asthenia (HACA) represents a particular type of organic mental 

disorders which results from the long-lasting action of traumatic factors at high altitudes and is 

complicated by psychosomatic disturbances. This syndrome occurs in three forms: characteropathic 

(5 persons), encephalopathic (4 persons), and neuroplegic (1 person). 



The following elements are essential in the development of HACA: duration of stay at high 

altitudes and duration of practising alpinism, acute organic brain syndromes and Cheyne-Stokes 

breathing in the course of AMS, as well as high-altitude deterioration. The most traumatic factors 

are low atmospheric and reduced partial oxygen pressures. 

Psychopathological features 

The axial symptoms of HACA are of an intellectual, emotional, and impulsive type. Additional 

symptoms determine the characteropathic, encephalopathic, and neuroplegic types of HACA. 

The characteropathic type comprises disturbances of temperament and character. They 

consist in agitation, irritability, explosiveness and the tendency to drink alcohol. Focal injuries of CNS 

were absent. This type of HACA was diagnosed the most frequently (50%). 

The encephalopathic type of HACA was distinguished by symptoms of focal injury. Asymmetry 

of tendon reflexes, inequality of palpebral fissures, nystagmus, disturbances of the field of vision, 

and focal abnormalities in the EEG record were observed. This type of HACA was established in 40% 

of cases. 

One subject only developed the neuroplegic type with crossed paresis of right upper and left 

lower limbs. This paresis constituted the relict of a paralysis suffered by the alpinist at an altitude of 

7700 m above sea level. 

The organic nature of HACA was confirmed by the results of psychological and EEG 

examinations. In more than 50% of the HACA alpinists the results of psychological tests indicated 

organic pathology, and in 30%, they were on the borderline between norm and pathology. EEG 

records in this group reveal a generalized pathology in the form of flattening and dispersion of theta 

waves. 

HACA should be differentiated from organic mental disorders of traumatic, toxic, 

inflammatory, or vascular aetiology. In the pathomechanism the direct effect of hypoxia must be 

taken into consideration, as well as the secondary disturbances in the cerebral blood flow and high 

altitude cerebral oedema. 

There are experiences with the treatment of HACA. The prophylaxis should comprise 

administration of adequate preparations before the expedition, competent methods of 

acclimatization, as well as detailed medical examination before and after each expedition into high 

mountains. 

It should be purposeful to perform follow-up studies in the group of alpinists with already 

existing organic brain injury and to check if high altitude exposure deepens the abnormalities or not. 

Expedition practice indicates that persons with organic brain injury are sometimes less sensitive to 

hypoxia and better tolerate the exposure to high altitudes. Verification of this observation would be 

to the point. 
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SOME MEDICAL PROBLEMS CONNECTED WITH POLISH EXPEDITIONS TO THE HIMALAYAS AND 
KARAKORUM 
J. Serafin; Clinic of Orthopaedics, Warsawa, Poland 

Alpinism in high mountains has under our eyes become a record-seeking sport. Expeditions to 

more and more difficult destination points are organized. Small groups ascend mountains of eight 

thousand meters. Face solo climbing is performed in the Himalayas. While climbing the highest 

mountains, people eliminate oxygen. It is a truism to say in our company that the risk of high-

mountain climbing has increased under the new terms. The question is where “reasonable" risk 

ends and reckless action starts. I suppose that none of us can judge the degree of risk admissible as 

regards ethics. This trend in alpine sporting cannot be reversed. In my opinion, however, this 

element results in some “degradation" of the features of alpinism that used to be quite valuable. 

Anyhow, hazard should be diminished as far as possible. One way is to explain to the 

mountaineers how serious the danger is from the medical point of view; another – is the presence 

during expeditions in the highest mountains of a physician well-trained in mountain medicine. 

In the seventies, the Polish Alpinists' Association introduced a statutory regulation or 

obligatory participation of physicians in expedition in high mountains. This regulation is not always 

observed as physicians are short of time and much time is needed for such events (2-4 months) and 

the leaders are not interested in being inconvenienced by the less efficient climbers (as physician 

frequently are). 

In the years 1971-1987 there were 116 Polish expeditions in the Himalayas and the 

Karakorum, 48 of them aiming to ascend eight-thousand-meter peaks. According to sports criteria, 

40 of them should be classified as very difficult. 

Nine hundred and eighty-six alpinists participated in the expeditions. There were 35 fatal 

casualties (3.54%).  Another 96 persons (9.73%) suffered from serious, life-threatening general 

diseases. Summing up, 13.27% of participants either lost their life or their life was in serious danger 

due to disease. 

It follows from the number of expeditions and deaths that every third expedition (30.2%) is 

subject to such an incident. The incidents which ended in death can be divided into two groups due 

to medical causes and because of accidents. 

Table 1 presents the causes of medical deaths: high-altitude cerebral edema (HACE; 2 cases), 

high-altitude pulmonary edema (HAPE; 2 cases), high-altitude deterioration-exhaustion (HAS; 6 

cases), pulmonary embolism (1 case), cardiac infarct (1 case), and fall as a result of extreme 

exhaustion (3 cases). In total, there were 15 deaths in this category and 10 of them were caused by 

HAS. 

Fatal accidents are presented in Table 2. The causes were avalanche (8 cases), fall into a 

crevasse (1), fall when climbing (4), drowning (1), and unspecified death while climbing (6 cases). 

According of these lists, 15 deaths resulted from high altitude that gives 1.5% of the expedition 

participants. This also amounts to 4.8% of the fatal casualties. Another 20 persons (2.02% of 

expedition participants) deceased due to non-medical reasons resulting from the specific character 

of the terrain and activity. 



Table 1. Medical Fatal Casualties  2. Fatal (nonmedical), Accidents 
 (116 expeditions – 986 alpinists)       (116 expeditions – 986 alpinists) 
HACE    2  Avalanche    8 
HAPE    2  Fall into crevasse   1 
Deterioration. Exhaustion 6  Fall down    4 
Pulmonary embolism  1  Unspecified death    6 
Cardiac infarct   1      (2 probably due to hypothermia) 
Fall    3  Drowning    1 
  (due to exhaustion) 
T o t a l   15 (1.5%)  T o t a l    20 (2%) 

Talking about the 6 persons who perished while climbing, most probably their death was 

caused by hypothermia as it happened in very bad weather. The teams descended peaks 6800 to 

7100 metres in height. In the quite easy terrain fall was rather impossible. Therefore the said 

accidents should possibly be included in the first group – death due to hypothermia. 

In 8 accidents from the second group the following mistakes were made: face climbing in 

unstable weather, wrong choice of route on glacier, inappropriate belay and faulty operation of 

equipment. 

The 15 deaths included in the first group should be discussed in more detail. 

1. HACE caused death in 2 cases. It occurred after 4-5 days of climbing above 7200 m. In the case of 

1 climber, the acclimatization should presumably insufficient. Medical treatment was not 

administered as there was no physician in the expedition. 

Another climber had an initial phase of hypertension. He was taking hypotensive drugs and 

the expedition physician was not informed accordingly. HACE occurred after an unplanned 

bivouacking in 7600 m. He died during transport at a height of 7100 m. He was given "furosemid", 

without oxygen which was stored in camp IV at 7000 m (Tirich Mir). 

2. HAPE, 2 climbers. The first case occurred after fast climbing to a height 7000 m without accurate 

acclimatization. The patient was not treated as there were no drugs, oxygen, or connection with the 

base. 

The next case relates to a top-class climber. He had ascended the south-west ridge of Mt. 

Everest, the western face of Makalu, Dhaulagiri in winter, and Lhotse by the classic way – all without 

oxygen. HAPE occurred after a night spent at 7800 m, before a climb to the peak of Main 

Kandzendzonga. The course of the disease was acute, he was led down about 300 m and then 

transported to the camp III (7200 m), and given diuretic drugs. He did not get oxygen and complete 

treatment, as camp III was insufficient equipped. The physician was in the base camp at the 

moment. The patient died after 11 hours from the first symptoms of HAPE. In this case 

acclimatization had been proper. The climber was very active, but during approaching march and in 

mountains he suffered from chronic laryngitis and respiratory tract infection. He started the peak 

trial against physician´s opinion. 

3. Another casualty was very dramatic and took place during a women’s´ expedition on K2. The 

leading Polish woman climber suffered from pulmonary embolism. In camp II, at 6750 m, while 



resting in the tent – she died suddenly. She was in apparent good condition, except for minor 

dyspepsia. 

The next unexpected death happened on the west face of Makalu at a height of 6780 m. The 

Climber died while forcing a very difficult overhanging rock. Judging by the circumstances of his 

death, he had suffered from circulatory-respiratory insufficiency (cardiac infarct). 

4. Deterioration-exhaustion caused death of 6 climbers. The people died as follows: the 1st of them 

– at a height of 7400 m after 3 bivouacs in camp IV,  in a weather break; 2nd and 3rd – in a weather 

break while returning from Broad Peak Middle at 7800-7600 m; 4th and 5th – at 7800 m, on the way 

back from Masherbrum's peak, after 4 days' climbing above 7200 m and bivouacking twice outside 

tents; 8th – while coming down on fixed ropes after an unsuccessful trial on K2, a woman who before 

dying had spent 6 days bivouacking at 8100 m without food and fluid because of stormy weather. 

The factor of extreme exhaustion and deterioration was also certain in two further accidents 

that ended in death due to a fall. The first happened to a world-famous climber and occurred on 

fixed ropes at 8200 m while he was descending peak K2. He had climbed for 3 days above 7400 m 

bivouacking twice, at 8200 and 8400 m, on the way to the peak. 

Another accident was caused by a fall from an ice step due to improperly fastened crampons. 

It happened after a bivouac at a height of 7900 m. The accident had been preceded by a successful 

climb of the K2 southern face. Two persons had team-climbed in alpine style. They had spent 6 days 

above 7400 m. They had bivouacked outside the tent twice at heights 8300 and 7900 m without 

food and drink. 

All of these accidents had common characteristics: 

1. they occurred in climbing without oxygen, 

2. had been preceded by too long stays at high altitude, 

3. the climbing speed had been very slow. 

Only in the cases of the last two accidents the low speed had resulted from difficulties, while 

in the others – from insufficient acclimatization and performance. They are examples of 

overestimation of one's strength and a very strong desire to ascend the peak. 

In 96 cases (9.73%) disease was a life danger. However, the diseases ended happily after 

treatment. 

Among the mentioned diseases HAS was the most frequent (Table 3) – 20 cases (2.02%). It 

occurred in the form of HAPE in 2 participants, HACE in 8 participants, and deterioration in 10 

climbers. Including the 13 cases of HAS mentioned in group I, this makes 33 cases of HAS, i.e. 3.34% 

in relation to the number of expedition participants. 

Analysis of the said 20 cases demonstrated that acute HAS (HAPE or HACE) in 8 of 10 cases 

had been caused by insufficient acclimatization, a wrong plan of climbing, or poor health condition 

before the casualty. 

In 6 of 10 cases of deterioration (HAS), the symptoms should also be connected with 

insufficient performance and poor acclimatization, in 6 climbers the deterioration was serious and 

required intensive therapy. 



In 8 of 14 cases of bronchitis and pneumonia, the patients were in quite a serious condition 

and intensive treatment including oxygen therapy was necessary. Six patients from this group were 

treated in bases at an average height of 4950 m; the remaining ones had been transported down. 

Out of 11 cases of thrombophlebitis the course of disease was mild in 8 but in the remaining 

ones it was serious and in two cases even dramatic – pulmonary embolism. 

Phlebitis was diagnosed correctly in 8 of 11 cases. 

Massive digestive tract haemorrhage occurred in two cases. The first occurred to a well-known 

Polish climber and was very dangerous as it took place in camp II (5900 m).  He had climbed Batura 

I in alpine style, it had been 8 days' climbing above 8000 m, including 3 unprepared bivouackings in 

very bad weather. He was treated locally with success. A diagnosis of duodenal ulcer was confirmed 

by x-ray examination after he had come back to Poland. 

The other patient had consulted the expedition's physician while ascending Shisha Pangma. 

The weather had been bad and the base had been established very quickly. The peak had been 

climbed a few days later. Thus, the physicians had been very busy, being moreover sick himself due 

to insufficient acclimatization. The haemorrhage occurred on the way back to Kathmandu in the 

bus. 

Table 3. Medical Problems in Polish Expeditions (116 expeditions - 986 alpinists) 
HACE       2 
HAPE       8  20 (2.02%) 
Deterioration. Exhaustion  10 
Thrombophlebitis     9 
Pulmonary embolism      2  11 (1.11%) 
Bronchopneumonia, Pneumonia  14         1.41% 
Sinusitis    10 
Curling's ulcer       2 
Throat infection      8 
Frostbite      13           1.31% 
Bone fractures, opened      2 
Bone fractures, not opened      4 
Spine fractures       1 
Thorax contusions       5 
Head injuries        6 
T o t a l      96              9.7% 

These incidents had not been preceded by any gastric disorders before or during the 

expedition. Since the haemorrhage occurred after strong physical and psychic stress, Curling's ulcer 

was diagnosed. 

Four of the 13 frostbites encountered were extensive and involved toes or- fingers. Despite 

treatment, amputation of whole fingers/toes or their parts had to be performed. The remaining 

cases were treated successfully. 

In one case the hand was frostbitten to the Ilnd/IIlrd degree in the course of deterioration after 

descending Dhaulagiri. The treatment was insufficient as the physician had no authority. It resulted 

in the amputation of 8 fingers on both hands. 



In 2 of 4 cases of comminutive fracture in a leg, an open reduction of fractured bone fragments 

and osteosynthesis was made in the base camp. The other fractures were treated conservatively 

and they healed without complications. One case, however, needed a reconstructive operation after 

the return to Poland. 

I would like to point out that more than a half of the diseases and accidents described herein 

would have been a real life danger without medical assistance. This relates particularly to HAS, 

pneumonia, and pulmonary embolism, as well as the digestive-tract haemorrhage. 

These facts prove once more the significance of the physician's presence during expedition to 

high mountains. Therefore, the trend of undertaking small, unaided expeditions that set out without 

a physician and oxygen, although quite "pure" from the point of view of sportsmanship, is 

considered by me to be very dangerous. 

  



A NEW ETIOPATNOGENIC AND CLINICAL-DEVELOPMENTAL CLASSIFICATION or LOCALIZED 
INJURIES DUE TO THE ACTION OF COLD 

J. R. Morandeira, G. Martinez Villen, R. Arregui, F. J. Senosian; Service of Biomedicine and 
Biomaterials, University of Zaragoza, Spain 

Abstract 

Lesions caused by the local action of cold have traditionally been classified in degrees of 
intensity. The attempt to relate the extent of tissue damage in the depth of the lesions with their 
posterior evolutionary course has led some authors to make diagnostic-developmental 
classifications. We propose a classification which considers not only these but also etiopathogenetic 
aspects. 

In our casuistic material of 97 patients with localized lesions due to the effect of cold we 
assessed and correlated the etiological, pathogenic, clinical and developmental aspects. These 
factors show that at very low temperatures and in a dry atmosphere, necrotic lesions, 
predominantly cryogenic, are produced with little vasomotor component and few trophic or 
functional sequels, except for potential amputation in some cases. 

With values above 0 °C, even if very cold, and in a humid atmosphere and under long exposure, 
mainly deep vasomotor lesions appear, leaving serious functional and trophic sequels. Between 
these two extremes, there is a series of intermediate mixed lesions. 

  



A CASE OF ACUTE EROSIVE GASTRITIS WITH SHOCK AND SEVERE ANAEMIA DURING 
GASHERBRUM I AND II EXPEDITION 

G. Gaffuri, A. Cogo; Quota 800 Team; Medical Commission of Italian Alpine Club 

We report the case of a climber suffering from hematemesis and melena during Gasherbrum 
I and II expedition. 

He was a 38 years old, previously healthy man; two years before he reached the height of 
8000 m on K2 without any problem; there was no anamnestic history of peptic ulcer, gastritis, 
epigastralgia or bleeding. Before leaving for Pakistan, physical examination and biochemistry were 
normal. During climbing he spent 4 days at 7400 m because of climbing difficulties and storm, poorly 
fed and hydrated; coming back to base camp at 5000 m he was in quite a bad condition; he was 
dehydrated, had lost weight, had grade II frostbite on 1st toe of the left foot and 2nd finger of the 
left hand. 

He was rehydrated with saline solution und urged to begin slowly normal feeding; he did not 
completely comply with this advice and also drank some alcoholic drinks. 

After two days he started vomiting and after some hours suffered hematemesis and melena. 
The physical examination was normal except for epigastric pain and mild tachycardia (100 
beats/min). He began a therapy with ranidine 300 mg i. v. daily and iced drinks with antacids and 
antihaemorhagics. Despite this treatment on 2nd and 3rd day he suffered from hematemesis and 
melena with a hypovolemic shock; he was treated with macromolecular solution and then a 
perfusion of saline and glucose solution. On 5th day he was evacuated by helicopter, taken to 
Rawalpinidi and admitted to the military hospital. Hemoglobin was 30 g/l, red cell count 900,000; 
prothrombin time, urea, nitrogen and electrolytes were normal. He was treated with 4 red cell units; 
the hemoglobin value rose to 70 g/l. 

He underwent a gastroscopy on 6th day; the findings were normal oesophagus and pale but 
normal gastric and duodenal mucosa. One month later he was again subjected to gastroscopy in 
Italy: he displayed a macroscopically and histologically normal gastric mucosa. This finding supports 
the diagnosis of erosive gastritis. 

Gastric problems are common during high altitude climbing. They include mild symptoms as 
dyspepsia, nausea, epigastric discomfort but also severe epigastralgia and vomiting (1,4). 
Furthermore the incidence of gastric ulcers and haemorrhage deriving from such ulcers is greater at 
high altitude than at sea level, both in natives and residents (1,2,4). Several factors may induce such 
pathology: stress, unbalanced diet, hypoxia, use of drugs (as acetylsalicylic acid). This case certainly 
has a multifactorial aetiology. 

Therefore we point out the importance of avoiding every condition inducing increased acid 
secretion and gastric lesions during high-altitude climbing. We suggest that climbers with history of 
peptic ulcera or gastritis or climbers who develop severe stomach ache use antacids or H2 receptors 
blockers. 

  



III. OVERUSE INJURIES IN MOUNTAINEERS 

SOME OVERUSE SYNDROMES AMONG MOUNTAINEERS 
J. Serafin; Clinic of Orthopaedics, Warsawa, Poland 

At the Orthopaedic Hospital of the Medical University in Warsaw, in the years 1978 – 1988, 

58 cases were treated because of overuse syndromes in motor organs, due to the practised 

mountaineering, rock climbing or trekking. The syndromes always occurred after sudden 

overexertion that had not preceded by rational training. 

Overuse of limbs develops as a result of mechanic factors acting for a long time – 

microtraumas. They lead to the excessive functional and mechanical resistance of muscles, 

ligaments, tendons, or bones. 

Overuse changes have been described by several synonyms: trauma chronicum, 

hyperponosis, overuse, surcharge, and they have been the subject of methodical scientific research 

of Le Cove, Deutschlander, Devas, Rutishauser, Schneider and others. 

Overuse syndromes develop as a result of pressure and distension forces. Development of 

bone lesions is interpreted as a change of spatial system of osseous apatite crystal, crystals 

loosening, extension of intermolecular distance. Soft tissue changes and their pathogenesis are not 

well known. According to King and Lawton, soft tissue strength in comparison with the bone is more 

subject to change in dependence on temperature and the water content. 

The following agents are stimulative for the development of the overuse syndrome: 

exhaustion, metabolism disorders, and lactacidaemia. Exhaustion results in disturbance of 

muscles contractility and blood vessels adaptation. Joint stabilization and the coordination of 

muscle functioning are worsened. This results in traumas within tendons and adjacent bone 

tissue – tendons attachments rupture. Exhaustion also causes the vasospasms resulting in tissue 

anoxia. 

The following parts are the most susceptible to the overuse syndromes: 

a) the collum of 2nd and 3rd metatarsal bone, 
b) the site of Achilles tendon attachment to the calcaneal tuber, 
c) the tibial tuberosity in the place of attachment of the patellar ligaments, 
d) the proximal tibial metaphysis, 
e) bases of the vertebral arches of the lumbar spine. 

The localization of lesions treated at the Hospital is presented in the table 1. 

1) Overuse of the iliac crest posterior segment – 3 cases. It was related to the attachment of middle 
gluteal muscle. 

2) Sacroiliac joint. The pain occurred on active extension in the prone position. This relates to 8 
patients after forced march plus heavy loads lifting (expedition in the Himalayas). 

3) Vertebral arches L/5 – L/4 were subject to overuse in 9 cases. This syndrome was characterized 
by low back pains and lumbar spinalgia of ligamentous character. This lesions occurred in similar 
circumstances as in the previous group. 

4) Trapezius muscle. The pain was localized within superior angle of the scapula in the case of three 
mountaineers intensively training modern rock climbing. 

5) Shoulder. In 5 cases omalgia occurred after exhausting climbing of big mountain faces in the Alps. 
One mountaineer, when climbing the Tatra Mountains, with a strong static shoulder tonus, incurred 



shoulder subluxation which resulted in chronic pains. Surgical examination showed partial rupture 
of the ring of rotators, which was corrected with McLaughlin method. 

6) Biceps muscle. In three mountain climbers chronic inflammation of the long head tendon of the 
biceps muscle was treated. In one case there was idiopathic tendon rupture that needed surgical 
treatment, the other ones were treated conservatively. 

7) Metatarsalgia syndrome. Quite a numerous group suffered from the metatarsalgia syndrome, 
with periostal reaction within colla of the 2nd and 3rd metatarsal bone in 5 cases and fatigue 
fracture in 2 cases. The syndrome developed by forced march with heavy rucksacks in difficult 
mountainous terrain, usually in improper shoes; or after training races and marching. Both cases of 
fatigue fracture were treated surgically by Beck´s method and plaster dressing, the remaining cases 
were treated conservatively by immobilization in P.O.P.  

8) Accessory navicular bone and reduced plantar arch. In 4 mountaineers with accessory navicular 
bone and reduced longitudinal plantar arch there was chronic tissue inflammation of this region 
(attachment of posterior tibial muscle tendon and accessory navicular bone). 

9) Knee joint. In 6 cases there were pains in the knee joint and these were located within patellar 
tendon, or Hoffa's body. In all cases the patients were members of an alpine expedition. Two 
climbers, world leaders in the sport, suffered from acute pains after they had descend from the top 
of Everest. 

10) Achilles tendon. Ten patients experienced pain in the Achilles tendon attachment to the 
calcaneal tuber. In three cases the pains were preceded by intensive climbing in crampons on big 
faces (the Alps, the Himalayas). 

In case of 7 mountaineers the pains were not directly connected with climbing but developed 
after improper training (races) or long marches (trekking). In 2 patients idiopathic rupture of the 
Achilles tendon occurred during training. Surgical treatment was performed (Bunnel suture). In both 
cases the rupture was localized near the tendon attachment to the bone. 

 

In the cases treated surgically biopsy specimens were examined histopathologically. The 
following histopathological changes were found: 

1. in muscles: Focal degenerative changes, namely necrosis of muscle fibres or granular 
degeneration, fragmentation, and calcification. Part of the fibres presented considerable 
hypertrophy. 

2. Within the fascia: The following trait was symptomatic – very rich vascular system and 
proliferation of mesenchymal cells around vessels, in some places there was indistinctness of 
contours and fragmentation of collagen fibres, and there were calcification focuses as well as 
hyperplasia of connective tissue rich in cells. 

3. Within tendon attachments: Necrosis, degradation, and calcification of collagen. 

4. Blood vessels: Blood vessels in the intertrabecular spaces had considerably thickened walls and 
narrowed vascular lumen. 

5. Bone: Bone tissue taken from fatigue fracture sites presented typical picture of necrotic bone, 
surrounded by connective tissue undergoing metaplasia in cartilage and bone tissue. 

  



In the case of all patients (except six) conservative treatment was applied, viz.: 

1) temporary restriction of movements and training, 
2) immobilization in plaster cast in the case of metatarsalgia with overuse changes in 

metatarsal bone, 
3) irradiation with solux lamp, application of DD current, iontophoresis with xylocain and 

calcium or iodine applied alternatively within 2 – 4 weeks, 
4) DKF and ultrasounds. 

Such medicines as Voltaren, Butipirazol, Felden, Indocid etc. were considered as adjuvant 
treatment to physiotherapy. 

Depomedrol or Celeston injections were made only in cases resistant to physiotherapy and 
only in the regions of the bursa and tendon attachments, never intratendinously and never intra-
articularly. All patients were completely cured within 2–4 months. 

Conclusions 

1. While practising various forms of mountaineering and during intensive training, climbers 
have their bones and joints system exposed to considerable static and dynamic overuse. Various 
overuse syndromes can develop in cases of individual susceptibility and in the presence of additional 
harmful agents. 

2. The following conditions are considered harmful: fall of temperature, exhaustion, 
lactacidaemia, metabolism disorders, unreasonable training, insufficient training drill, improper 
shoes. 

3. In most cases the overuse syndrome can be treated conservatively and the treatment is 
based on the relative or absolute immobilization and physiotherapy.  

4. There are different localizations of the overuse syndrome depending on the form of the 
mountaineering. In the case of rock climbers, the upper limb (shoulder) is often involved. In cases 
of trekking or marching during expedition or snow-ice climbing, the lumbar spine (lower segment), 
knee and foot are especially exposed to overuse 

Table: Overuse syndromes in mountaineers. 

No Localization Number 
of cases 

Circumstances 

1 Iliac crest 3 Trekking, races 

2 Sacroiliac joint 8 Trekking, load lifting, expedition 

3 Vertebral arches L5-L4 9 Expedition, trekking, load lifting 

4 Trapezius muscle 3 Modern rock climbing 

5 External rotator ring 5 Modern rock climbing 

6 Biceps muscle tendon 3 Forced training, modern rock climbing 

7 Head and collum of the 2nd or 
3rd metatarsal bone 

7 Intensive march and race, trekking 

8 Tuberculum of navicular bone 4 Trekking 

9 Patellar tendon, Hoffa´s body 6 Expedition. Trekking 

10 Calcaneal tuber 10 Snow-ice climbing 

 

  



PATTERNS OF SOFT TISSUE INJURY IN EXTREME ROCK CLIMBERS 
S. Bollen; Rawdon, Leeds, Great Britain 

The British mountaineering Council were becoming increasingly concerned at the apparent 

increase in injuries among extreme rock climbers, particularly those injuries associated with 

training. A survey was conducted to identify the problem areas, so that suitable training schedules 

could be advised to attempt to prevent these problems. 

A questionnaires was devised and circulated and a total of 67 were completed returned by 

climbers, all of whom were climbing at least UIAA grade VII. The questionnaire was supplemented 

by examination in as many cases as possible. Only 11 climbers reported no injury problems and a 

total of 115 injuries were reported as in table 1. 

Fifty per cent of the injuries had occurred during training. 

There were only a few lower limb injuries, with adductor strains being the commonest. There 

was one case of patella tendinitis. 

Eighty-nine per cent of the reported injuries affected the upper limb. In the shoulder some 

sort of rotator cuff tear was the commonest problem a two cases of "impingement syndrome" were 

reported. 

Of the elbow problems reported "anterior elbow pain" was the commonest. This appears to 

be brachial tendinitis or "climbers elbow” and is due to repetitive strain with the forearm pronated 

and semi-flexed. 

Fifty per cent of the upper limb injuries affected the hand and wrist with the proximal 

interphalangeal joints of the middle and ring fingers being the most frequent site. Many of these 

problems appeared to be flexor digitorum superficialis tenoperiostitis or "climbers finger". This is 

due to the configuration of the fingers used by the vast majority of climbers on small holds, with the 

PIP joints flexed and the DIP joints extended, putting the tendon of flexor digitorum profundus at a 

mechanical disadvantage, and therefore putting more strain on FDS tendon. 

Another apparently unique injury affecting climbers is avulsion of the A2 pulley from its 

attachment to the proximal phalanx, causing bow stringing of the flexor tendons. 

Table 1. Injuries by region. 
LOWER LIMB    12 
UPPER LIMB 
 SHOULDER   16  HAND 
 ELBOW      PIP JOINT  31 
  MED. EPICONDYLE  5   1st MCP JOINT  12 
  LAT. EPICONDYLE  4   WRIST      9 
  ANTERIOR  10   MISCELLANEOUS 15 
    TOTAL     115 
  



HEALTH COMPLAINTS AND FINGER DEFORMITIES IN CZECROSLOVAK SPORT CLIMBERS 
M. Staněk, I. Rotman, T. Skřička, P. Veselý, J. Hylmarová, J. Bušík, J. Říhová, M. Novotný, 
M. Třináctá; Medical Commission of the Czech Mountaineering Association, Czechoslovakia 

Overuse injuries in the sport climbing result from an imbalance between the load and the 

tissue tolerance to this load. It is already well established that the prevalence of these injuries in 

sport climbers' fingers is very high. Especially finger tendons and joints seem to be damaged. 

Subject of study: anthropometric parameters, professional and sports activities, modes of training, 

localization of health complaints, objective signs of finger damage, identification of predisposing 

factors in 103 representative climbers taking part in extreme climbing competitions in 1987 – 1988. 

Methods: In 1987 – 1988, 103 climbers (23.5±5.2 years old men surmounting climbing difficulty-

grade 8 (UlAA) on an average, free climb from 6 to 10–) were interrogated using a modified 

anamnestic questionnaire (Bartschi, Radlinger) and subjected to physical orthopaedic examination 

of the hands. 

Results: 

1. Health complaints in upper extremities 

     YES: 84 (81.6%) NO: 19 (18.4%) 

2. Localization of health complaints   3. Long-lasting pain in fingers 

 rights lefts 

Shoulder 8 7 

Elbow 5 7 

Forearm 16 14 

Wrist 13 15 

Fingers 41 47 

T o t a l 83 90 

 
4. Finger deformities 
(F.Swellings=Fusiform Swellings, Flexion D.=Flexion Deformities) 
        Both Hands          Right Hand   Left Hand 
Finger    I      II    III    IV   V       I       II     III    IV    V                   I      II     III    IV     V 
Nodes    0     8   10     3    5       0      4      6      1    4      0      4     4      2     1 
F.Swellings   1   12   42   28    2       1      6     22   13    0      0      6    20    15    2 
Flexion D. 14   13   31   16  24       3      6     18     9    13      8      7    13      9   11 

Only 19 out of 103 climbers. (18.4%) had no long-lasting complaints in the upper extremities 

and/or finger deformities. Fifty-eight suffered from long-lasting pain in fingers; fusiform swellings, 

nodes and flexion deformities of finger joints were present in 61 out of 84 climbers (72.6%). Ten 

climbers complained of long-lasting pain in the shoulders, 8 in the elbows, 25 in the forearms, and 

21 in the wrists. 

Eighteen climbers had already been examined in 1987 and the repeated examination in 1988 

showed a deterioration of finger damage in 13 (72.2%) of them. 

The most affected were the 3rd and the 4th finger, especially the proximal interphalangeal joint 

of the 3rd finger. 

 rights lefts 

Thumb 1 1 

Index finger 12 6 

Middle finger 33 33 

Ring finger 20 27 

Little finger 3 3 

T o t a l 69 70 



The results support the continued use of these investigation method not only to assess 

subjective symptomatology and development of pathological changes in climbers´ fingers due to 

overloading but also to find out what factors predispose and predetermine the damage, particularly 

attention being paid to the structure, frequency, and intensity of training, genetic and other factors. 

A study using the Czechoslovak computer program GUHA was carried out for this purpose. 

5. Deformities of finger joints. 
(MCP=metacarpophalangeal joints, PIP=proximal interphalangeal joints, DIP=distal interphalangeal 
joints) 

Joints   M C P   P I P    D I P 
Finger    I      II    III    IV   V       I       II     III    IV    V                   I      II     III    IV     V 
Nodes    0     1     0     0    0       0      2      4      1    0      0      5     6      2     5 
F.Swellings   1     0     0     1    0       0     11    39   25    2      0      1     3      2      0 
Flexion D.   5     0     0     0    0       0      9     29    17  19      7      4     2      1      5 

6. Some factors involved in the etiopathogenesis of overuse injuries. 

CLIMBERS  pain and/or 
deformities 

without 
symptoms 

P 

AGE Years 24.1 ± 5.3 20.5 ± 3.8 0.01 

PERFORMANCE UIAAmax 8 ± 0.8 7– ± 0.8 0.01 

SUMMER CLIMBING Days a week 3.1 ± 1.4 3.5 ±1.6 n.s. 

WINTER CLIMBING Days a week 1.2 ± 0.9 1.5 ± 1.3 n.s. 

SPECIALIZED TRAINING Days a week 3.1 ± 1.6 2.0 ± 1.6 0.05 

 
Conclusions: 

1. The prevalence of overuse injuries of the hand in sport climbers is extremely high. 

2. Uncontrolled and unqualified training does not raise climbing performance, on the contrary, it 

leads to finger damage and finger deformities. Any joint which has been subjected to constant 

strenuous usage is apt to develop degenerative (osteoarthritic) changes. 

3. There are certainly also other factors than training, especially genetic ones, that predispose to 

high climbing performance or that are responsible for the susceptibility to damage resulting 

from chronic overloading in extremely difficult climbing. More detailed studies on the 

predisposing factors are required. 

4. Prevention is of paramount importance to sport climbers. This especially concerns the 

structure, frequency, and intensity of training. 
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OSTEOARTHROSIS IN CLIMBERS´ FINGERS 
S. Bollen, T. Bowker; Great Britain 

One of the most worrying questions about the injuries that a modern, hard climbers suffer 

from, is whether the tremendous forces the fingers are subjected to, predispose to premature 

degenerative changes in the finger joints. This paper reports the current result of an ongoing study 

designed to answer this question. 

So far 20 climbers have volunteered to have their hands X-rayed. The entry requirement for 

the study is to have been climbing UIAA grade lX– for a minimum of 5 years or to have been climbing 

VI+ for at least 20 years. 

The X-rays are matched for age and occupation with X-rays taken of the hands for minor 

traumas at a hospital casualty department and analysed by a consultant radiologist and myself. 

Changes appear in the joints at around thirty years of age, with small osteophytes and soft 

tissue swelling around the proximal interphalangeal joints, and cortical thickening of the phalanges 

being seen. Changes seem to be progressive with increasing age, with the full radiological picture of 

osteoarthrosis present in both subjects over forty years of age (both non manual workers). 

While firm conclusions cannot be made while the numbers of subjects are still small, the 

worrying aspect of this study is that the older climbers in the series have not been climbing 

anywhere near the standards of difficulty the young climbers of today are achieving. 

It is intended to continue with this study and further results will be published when available. 

  



ETIOPATHOGENESIS OF OVERUSE INJURIES OF THE HAND IN EXTREME ROCK CLIMBERS 
I. Rotman(1), M. Staněk(1), P. Veselý(1,2), D. Zicha(2), T. Havránek(3), T. Skřička(1) 
(1) Medical Commission of the Czechoslovak Mountaineering Association, Czechoslovakia 
(2) Institute of Molecular Genetics, Czechoslovak Academy of Sciences, Prague 
(3) General Computing Centre, Czechoslovak Academy of Sciences, Prague, Czechoslovakia 

Abstract 
An attempt was made to analyse data on overuse injuries of the hand in 100 Czechoslovak 

sport climbers taking part in extreme climbing competitions in 1987 (Rotman et al, Davos 1988; see 

also poster of this Conference – Staněk et al.: Health complaints and finger deformities in 

Czechoslovak sport climbers) The GUHA(1) method – Package of Programmes for Exploratory Data 

Analysis, Programme "assoc" was used. 

The GUHA programme is an original Czechoslovak approach to uncovering all possible 

interrelationships in a set of data and defining all significant correlations. GUHA was used with the 

hope to provide an insight into all possible factors related to the etiopathogenesis of the overuse 

injuries of the hand. The data collected and used as variables (antecedents and succedents) describe 

anthropometric parameters, professional and sport activities, modes of training, localization of 

health complaints, and objective signs of finger damage, e.g. finger deformities, particularly nodes, 

fusiform swellings, and flexion deformities affecting finger joints in extreme climbers. 

The results of this approach will be reported and discussed. 

(1)Hájek, P. Havránek, T.: Mechanizing hypothesis formation – mathematical foundations for a 

general theory, Springer Verlag, Heidelberg 1978. 

Introduction 

The adverse effects of chronic overloading upon sport climber's upper extremities, especially 

finger tendons and finger joints are already described by many authors (Tab. 1). 

Table 1. Literature describing finger injuries in climbers. 

CLARKE    1984  England 

BARTSCHI & RADLINBER  1986  Switzerland 

BURTSCHER & JENNY   1986  Austria 

KRAUSE & REIF & FELDMEIER  1986  Germany 

LEAL & RANE & HERRERO  1986  Spain 

ROTMAN & PELIKÁN   1986  Czechoslovakia 

BOLLEN    1988  England 

ROTMAN & STANĚK & VESELÝ 1988  Czechoslovakia 

Methods 

Date on overuse injuries of the hand in 100 Czechoslovak sport climbers taking part in extreme 

climbing competitions and examined in 1987 were analysed first by means of classical statistical 

methods. Then an attempt was made to analyse these data applying the Package of Programmes 

for Exploratory Data Analysis (GUHA) to the evaluation of the data collected and used as variables 



– antecedents and succedents – in regard to presumable role of the antecedents as causes of the 

overuse injuries, factors involved in the etiopathogenesis respectively (Table 2, Table 3) 

Table 2. Variables recorded in 100 sports climbers 

A N T E C E D E N T S     S U C C E D E N T S  
SEX      LOCALIZATION OF LONGLASTING PAIN 
AGE       – SHOULDER 
BODY HEIGHT      – ELBOW 
BODY WEIGHT      – FOREARM 
BROCA INDEX      – WRIST 
OCCUPATION       RIGHT HAND 
OTHER WORK AND SPORT ACTIVITIES   1st – 5th FINGER 

– FINGERS 
DURATION OF CLIMBING ACTIVITY    LEFT HAND 
CLIMBING DIFFICULTY GRADE REACHED   1st - 5th FINGER 

SUMMER AND WINTER TRAINING  LOCALIZATION KINDS OF DEFORMITIES 
STRUCTURE OF TRAINING 

                  RIGHT HAND        LEFT HAND 
COURSE OF THE TREATMENT 

           FINGER lst – 5th 
MANNER OF GRIP 

     JOINTS – METACARPOPHALANGEAL 
PREVIOUS FROSTBITES         – INTERPHALANGEAL – PROXIMAL 

                  – DISTAL 
FUSIFORM SWELLINGS, NODES, FLEXION DEFORMITIES 
 

Table 3. Data processing 

MODIFIED ANAMNESTIC QUESTIONNAIRE(1) & PHYSICAL ORTHOPAEDIC EXAMINATION 
CLASSICAL STATISTICS     COMPUTER PROCESSING 
MEAN VALUES 
STANDARD DEVIATION     d-BASE III+ 
TESTS OF MEAN VALUES DIFFERENCE 
CORRELATION ANALYSIS 
       BIOMEDICAL DATA PROCESSING 
 
        G U H A  
        PROGRAMME “ASSOC” 

In 100 climbers there were 191 variables recorded and consequently 19,100 data collected. 
Therefore only a very small part and some examples of results can be presented. 

 

Results 

Some of results obtained using classical statistical methods are shown in Tab. 4 and Tab. 5. 

Only 24 out of 100 climbers had no complaints in the upper extremities, 69% complained long-

lasting pain, 51% in fingers only. Fusiform swellings, nodes and flexion deformities of finger joints 

were present in 44%. The most affected were the 3rd and the 4th finger, especially the proximal 



interphalangeal joint of the 3rd finger. However both parameters – pain and/or deformities – were 

observed in 52 out of 69 climbers (75%) surmounting climbing difficulty-grade from 7+ to 10- (UIAA). 

Table 4. Characteristics of 100 climbers. 

MALE : FEMALE        84 : 16 
AGE <years>     23.6 ± 5.1 range:   15 – 38 
BODY HEIGHT <cm>  175.4 ± 7.9  154 – 194 
BODY WEIGHT <kg>     66.6 ± 9.3     40 – 89 
BROCA index      88.2 ± 7.3     72 – 110 
UIAA max          8- ± 1.0     4+ to 10- 

LONGLASTING PAIN in UPPER EXTREMITIES 69% 
in FINGERS ONLY 51% 
FINGER DEFORMITIES 44% 

PAIN and/or DEFORMITIES in 52 out of 69 climbers (75%) 
surmounting climbing difficulty grade (UIAAmax) 

from 7+ to 10- 

The climbers with painful fingers and/or finger deformities were slightly older, climbed less 

frequently, but practised specialized strength training more frequently than climbers without these 

symptoms and decreased or stopped climbing during their health complaints less frequently. 

GUHA method evaluates the significance of hypotheses about association between two logical 

expressions – antecedent and succedent, each of them having in general the form of logical 

conjunction. 

Table 5. Presumable factors involved in the etiopathogenesis. 

CLIMBERS  pain and/or 
deformities 

without 
symptoms 

P 

AGE Years 23.9 ± 5.1 20.9 ± 3.5 0.05 

PERFORMANCE UIAAmax 8 ± 0.8 8– ± 0.9 n.s. 

SUMMER CLIMBING Days a week 3.0 ± 1.6 3.5 ±1.5 n.s. 

WINTER CLIMBING Days a week 1.2 ± 0.9 1.8 ± 1.3 0.05 

SPECIALIZED TRAINING Days a week 2.8 ± 1.8 1.4 ± 1.1 0.01 
 

Table 6. G U H A  – PROGRAMME "ASSOC" (Language: Fortran IV<H>) 

S E A R C H  F O R  P O S I T I V E  A S S O C I A T I O N S  
   B E T W E E N  D E R I V E D  T W O  –  V A L U E D  

  Q U A N T I T I E S  
        FOUR-FOLD CONTINGENCY TABLE 

               S1         S0 
          A1           A                B 
          A0           C                D 
  e.g. is the number of objects satisfying antecedent <A> 

and not satisfying succedent <S> 
Table 7. Hypothesis 1: 
NO WINTER CLIMBING 1 DAY A WEEK AND LESS FREQUENTLY <------------> FROSTBITE 
               S1         S0 
          A1           15                26  41 
          A0           13                46  59 

      28                     72 100  



Hypothesis 2: 

WINTER CLIMBING 1 DAY OR 2 DAYS A WEEK ---------------------------------> FROSTBITE 
               S1         S0 
          A1           14                17  31 
          A0           14                55  59 

      28                     72 100 

Hypothesis 3: 

WINTER CLIMBING 3 DAY A WEEK AND MORE OFTEN <-----------------------> FROSTBITE 
               S1         S0 
          A1           27                63  90 
          A0             1                  9  10 

      28                     72 100 

To become acquainted with results obtained by means of the programme GUHA – "ASSOC", 

the relationship between training frequency in winter and frostbite incidence in fingers can be 

studied (Table 7). There were three hypotheses printed showing significant positive association 

between winter climbing frequency one or two days a week and frostbite incidence in these climbers 

(hypothesis 2). The hypothesis 2 states: there are 31 climbers climbing one or two days a week in 

winter, 14 of them have suffered from frostbites and 17 climbers not. On the other side, there are 

69 climbers who do winter climbing either more or less frequently but the incidence of frostbite in 

their past history is twice smaller: only 14 of 69 have suffered from frostbites. Hypotheses 1 and 2 

state that there is significant frostbite incidence when the climber do not winter climbing both once 

a week and less frequently or three days a week and more often, respectively. 

G U H A  R E S U L T S  

BESIDES CONFIRMING SOME NOTORIOUSLY KNOWN TRUTHS LIKE CLIMBERS 
WHO 
– ARE OLDER & HEAVY 

> HAVE TROUBLES  
– ARE OLDER & CLIMB HARD & TRAIN HARD 
SHOWED RATHER INTERESTING NONTRIVIAL AND STIMULATING ASSOCIATIONS,  
E.G. THAT CLIMBERS WHO ARE 
– OLDER & CLIMB MODERATELY IN WINTER & DON'T CLIMB ABOVE 9- UIAA 
– OLDER & CLIMB FREQUENTLY IN SUMMER & TRAIN HARD 
DO NOT HAVE SUBJECTIVE TROUBLES (P A I N) 
BUT DO HAVE OBJECTIVE FINDINGS AT MEDICAL EXAMINATION 

WHAT DOES THIS MEAN? 
DISSIMULATION or INBORN ANATOMY or SMORTCOMINGS IN EXAMINATION? 
  



Summary 

1. The reported results of an investigation of Czechoslovak sport climbers conform to data in the 

literature, showing that the prevalence of overuse injuries of the hand in sport climbers is extremely 

high. 

2. Any joint which has been subjected to constant strenuous usage is apt to develop degenerative 

(osteoarthritic) changes. 

3. Using the GUHA programme for the statistical analysis of data gathered about climbers and their 

overuse injuries has revealed a necessity of restructuring data collection and redefining both 

antecedents and succedents. This together with new data could ensure exploitation of the full 

potential of GUHA. Up to the present, the use of GUHA has confirmed a preliminary statistical 

evaluation of the data and has provided some insight into the problems studied that would 

otherwise not have been obtained. GUHA will therefore guide us in future work. 

4. The present style of uncontrolled and unqualified training does not lead to a rise in climbing 

performance; on the contrary, it leads to finger injuries and finger deformities. 

5. There are certainly also other factors than training, especially genetic ones, that determine a 

climber's biotype and thus predispose him/her to high climbing performance or that are responsible 

for susceptibility to damage resulting from chronic overloading in extremely difficult climbing. 

6. More detailed studies on the role of biotype and other predisposing factors are required. 

7. Because of very difficult treatment of finger overuse injuries, prevention is of paramount 

importance to sport climbers. This especially concerns the structure, frequency, and intensity of 

training. 

8. Prevention has at least two facets: 

a) on the climber's side 

– education in self-knowledge, 

– education and training in self-control, 

– creation of a system of training respecting the climber's individual potential and including 
adaptation of the climber's life style to the purpose. 

b) on the health-care side 

– development and verification of criteria for biotypology of climbers, 

– development of a new training-system scheme 

– organization adequate education and training courses. 
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Conclusions 

1. Current results indicate close association between a climber's top performance, absence of 

overuse injuries, and "optimal biotype". 

2. Further research is needed to define the "optimal biotype” for top sport climbing. 

3. A system of education and training for sport climbers based on the above guidelines should be 

developed. 
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CLIMBER'S SPECIFIC TRAUMATIC PATHOLOGY DUE TO SPORT GEAR 
G. Martinez Villen, R. Arregui, J. R. Morandeira; 
Service of Biomedicine and Biomaterials, University of Zaragoza, Spain 

Abstract 
The practice of mountaineering as a sport is associated with an important pathology of 

traumatic origin, enhanced lately by some new complaints, some of them typical of other sports. Of 

all the possible features, there exists a group of peculiar characteristics which generally appear in 

climbers. 

From a casuistry collected by our group, the following problems related with the 

traumatological field are analysed: ankle fractures; tenosynovitis in the fingers of the extreme 

climber and other lesions due to climbing gear, among which those caused by harnesses and 

grips during glacier progression are prominent (Thomas Morton metatarsalgia). 

In this series of complaints a cause-effect relation is seen indicating the significance of a 

correct preventive attitude as a means of avoiding or minimizing the lesions described. 

 
  



IV. PROBLEMS WITH LABORATORY ASSESSMENT OF A CLIMBERS´ TOLERANCE TO 
EXTREME HEIGHTS AND POSSIBILITIES OF ON-THE-SPOT TESTING OF THE CLIMBERS´ 
PHYSIOLOGICAL FUNCTIONS 

INDIVIDUAL RESISTANCE TO HYPOXIA 
A. N. Krasyuk; A. A. Bogomolcev Institute of Physiology, Academy of Sciences of Ukraine SSR, Kijev, 

USSR 

Abstract 

The aim of the present research was to investigate some mechanisms of individual resistance 

and working capacity at high altitude. 

The results of experiments performed with rats in hypobaric chambers indicated that testing 

the capacity for maximal load (running) under aerobic conditions does not satisfactorily reflect 

individual resistance to high altitude; neither does selection under hypoxic conditions. 

The mechanism of adaptation to high altitude was determined experimentally; it conditions 

economical consumption of oxygen and activity of oxygen transport and helps order to be 

maintained in the movement of blood cells in the arterioles and capillaries. The importance of the 

functional state of the erythron and distribution of erythrocytes according to their size and 

resistance was established. Activation of biochemical processes, especially of the anaerobic 

fractions of lactodehydrogenase, also supports resistance. 

During the examination of mountaineers in the hypobaric chamber, an increase in the capacity 

of the antioxidant system caused increased resistance to high altitude. Thus, systemic, tissue, 

biochemical and especially regulatory, anti-stress mechanisms largely determine individual 

resistance to hypoxia at high altitude. 

Since the animal organism becomes complicated in the process of evolution, its sensitivity to 

hypoxia and its oxygen uptake increase simultaneously (N. N. Sirotinin, 1952, 1971, 1981). 

The effect of oxygen deficiency in the air at high altitude begins at 100 mm Hg for frogs, 200 

mm Hg for rabbits, 250 mm Hg for dogs, 270 mm Hg for rats, 300 mm Hg for monkeys and at 350 

mm Hg for human beings (M. S. Mani, 1980). 

While the lower animals compensate the oxygen deficiency during elevation by respiration in 

general, the higher animals and man use the cardiovascular system (N. N. Sirotinin, 1965). However 

its compensatory capacity at extreme heights is limited. The respiratory, cardiovascular and blood 

systems guarantee mass transfer of blood gases (A. Z. Kolchinskaya, 1969, 1983, Ch. Houston, 198l, 

1966, R. M. Froese and S. S. Spriet, 1961). 

The sensitivity of the respiratory and cardiovascular systems to hypoxia and carbon dioxide 

concentration are related to individual peculiarities of the human organism. These properties and 

the level of oxygen uptake by a tissue at rest and during maximal exercises are genetically 

determined. 

  



Table 1. Individual resistance to hypoxia. 

ECONOMICAL BASAL LEVEL      SENSITIVITY TO HYPOXIA      STRESS-LIMITED FACTORS 
AND MAXIMAL OXYGEN         AND CARBON DIOXIDE           ANTIOXIDANTS 
UPTAKE                 ANTIRADICAL SYSTEM 
OXYGEN UPTAKE –       NEUROENDOCRINE           GABA 
MASS TRANSFER 1:2            REGULATION            OPIATES 
                  AICOSONOIDS 

POLYCYTHAEMIA       AGE 

INCREASE IN THE CONTENT      INDIVIDUAL CHARACTER           PROTEOLYTIC ACTIVITY 
OF HAEMOGLOBIN       PREVIOUS EXPERIENCE 

HEMATOCRIT, VISCOSITY      RATE OF ASCENT            ACTIVITY OF BREATHING 
AND IN THE RATE OF       ALTITUDE             ENZYMES OF KREBS CYCLE 
COAGULATION       LEVEL OF ACTIVITY    

INTENSIFICATION OF       TIMELY CHANGE IN            METABOLIC ACTIVITY OF 
AEROBIC MECHANISMS      REGULATORY MECHANISMS       PURINES 
         KEEPING HOMEOSTASIS 

                        GENERAL METABOLIC 
HIGHER UTILIZATION OF      STRESS MECHANISMS:            ACTIVITY AND 
OXYGEN BY LOW PO2         RELEASING FACTOR, ACTH            NUTRITIONAL STATE 
         CATECHOLAMINES, 
REGIONAL BLOOD FLOW      GLUCOCORTICOID HORMONES   INTENSIFICATION OF 
         INSULIN, TESTOSTERON  AEROBIC AND ANAEROBIC 
INCREASE OF TISSUE AND      ALDOSTERON, LIPID  GLYCOLYSIS 
CELL RESSITANCE       PEROXIDATION    
              ACTIVE TRANSPORT OF 
              CALCIUM IONE THROUGH 
                  THE CELL MEMBRANE 

Hunt states that the capacity to ascend to elevations of 6000 m on the Himalaya varies greatly 

between individuals; some men do not seem to be able to go above 6450 m and, probably , only 

exceptional individuals (Messner) are able to go above 8230 m without the use of oxygen. 

Let me demonstrate the scheme of individual resistance to extreme degrees of hypoxia (Table 

1). 

In our Laboratory of High Mountain Physiology we have obtained some experimental material 

on noninbreed mice, Wistar rats (high and low resistance to hypoxia), as well as on dogs. We have 

also examined volunteers (tourists and climbers) in the process of their adaptation to the Elbrus 

heights. We have taken experimental animals at heights of 9,000 – 12,000 m using altitude 

chambers or making them breathe a 10% mixture of oxygen with nitrogen. Volunteers ascended to 

heights of 6000 – 7500 m. We have loaded rats on a treadmill or subjected them to a swimming 

test. Volunteers have performed physical exercises on a bicycle ergometer according to the 

recommendations of the World Health Organization (three-step test). The following parameters 

were studied: change in oxygen uptake, PO2, regional blood flow, morphological and histochemical 

indices of consumption of glucose by erythrocytes and its retaining in blood, temperature-

dependent resistance of erythrocytes and its retention in the blood, temperature-dependent 



resistance of erythrocytes (by our method), intensity of peroxidation of blood lipids by the content 

of malonic dialdehyde in blood and thymus cells; the content of lactate and pyruvate, activity of 

lactate dehydrogenase (LDH), the content of its izoenzymes in blood; the content of LDH granules 

in lymphocytes in peripheral blood lymphocytes. Erosion incidence on the mucosa of the stomach 

and weight of thymus, spleen and lymph nodes were recorded. Special attention was paid to the 

reaction of low hypersensitivity and to the survival of animals during elevation. 

Our observation showed that rats adapted and trained in treadmill did not manifest their 

resistance to acute hypoxia at height of 11,000 – 12,000 m. 

Thus, during elevation at the above mentioned heights 46.7% of test rats died, while only 

16.7% did so in the control groups. During the subsequent swimming tests the rats survived in a 

chamber could hold for 1.5 h, whereas the control rats did so for 2.5 h. This was evidence that the 

aerobic productivity was higher in the control group. Administration of haloascorbin and glutamic 

acid in combination with Hippophae rhamnoides to test group animals of the test group increased 

the time of swimming up to 2.1 h. We failed to enhance the resistance of animals to hypoxia by 

applying ionol, an artificial antioxidant, as a stress-limiting factor. The subcutaneous injection of 0.1 

ml of 0.001% dose of histamine with 0.1 mg of serotonin during respiration by 10% mixture of 

oxygen with nitrogen led to a decrease in oxygen uptake. This effect was not produced in animals 

of the control group. 

Studies on 27 female mice have shown that at a height of 9000 m 4 out of them died, whereas 

all males stayed alive. 

It is interesting to note that under acute hypoxia removal of stress reaction by administration 

of drugs or by desensitization did not reduce animal death. In this case the animals died from cardiac 

insufficiency. In our opinion which coincides with the standpoint of Mani (1980) the physiological fit 

leads to the heart block. As for the old rats which were in the control groups of animals (middle age) 

up to 30% died. And, vice versa, at heights of 11,000 – 12,000 m the death rate was considerable 

among old animals (85%). 

Studies on the working capacity of people have shown that it decreases in most of people at 

extreme heights. This correlates with a decrease in the content of malonic dialdehyde, and the 

counts of lymphocytes, monocytes and eosinophils in the blood. We consider a decrease in the 

maximal oxygen uptake in climbers at extreme heights to be a result of metabolic changes to a 

lower, economic level. 

The neuroendocrine regulatory mechanisms play an important role in support of the 

homeostatic equilibrium at high altitudes. Individual resistance to hypoxia is also determined by 

nonspecific tissue and cell resistance. 

Thus individual resistance consists of genetically determined mechanisms and those acquired 

during ontogenesis. 

  



Table 2. Characteristics of different degree of hypoxia in animals and human beings. 

COMPENSATORY, MODERATE      AVERAGE DEGREE,   ACUTE, NONCOMPENSATORY 
HYPOXIA CAUSING      NONCOMPENSATORY HYPOXIA HYPOXIA CAUSING 
THE ACTIVATION REACTION    CAUSING REACTION    STRESS REACTION 
        OF HIGHER ACTIVATION 

INCREASE       INCREASE    A SHARP INCREASE 
OF CATECHOLAMINES                   OF GLUCOCORTICOIDS  OF GLUCOCORTICOIDS 

DECREASE OF BASAL LEVEL      MODERATE INCREASE OF   DECREASE OF ALDOSTERONE, 
OF INSULIN AND INSIGNIFICANT    HISTAMIN AND SEROTONIN  TESTOSTERONE 
RISE OF CORTISOL CONTENT      LOWERING OF THE OXYGEN  AND ASCORBATE 
         UPTAKE 

INCREASE OF TESTOSTERONE         ACTIVE PROLIFERATION OF BONE CONSIDERABLE INCREASE 
AND ALDOSTERONE       MARROW AND LYMPHATIC CELLS OF HISTAMINE AND SEROTONIN 

ACTIVATION OF RADICAL      MODERATE INCREASE    
FORMATION (O2,ROOH,H2O2)         OF RADICAL (O2,ROOH,H2O2) 

ACTIVATION OF AEROBIC       ACTIVATION OF ANTIOXIDANTS DECREASE OF THE LEVEL 
PROCESSES AND AEROBIC       AND ANTIRADICAL SYSTEMS  OF ANTIRADICAL AND 
PRODUCTIVITY                      (REDUCED GLUTHATIONE)  ANTIOXIDANT PROTECTION 

INCREASE OF PYRUVATE       SH-GROUPS, CATALASE  DECREASE OF THE ACTIVITY 
          PEROXIDASE AND SUPEROXIDE OF BREATHING ENZYMES AND 
          DISMUTASE,   CONJUGATION OF BREATHING 
INCREASE OF ATP CONTENT       GLUTHATIONE REDUCTASE  WITH PHOSPHORYLATION 

INCREASE OF THE        DECREASE OF THE   DECREASE OF THE 
NAD/NADH RATIO        NAD/NADH RATIO   NAD/NADH RATIO 

ACTIVATION OF AEROBIC      DECREASE 
GLYCOLYSIS AND AEROBIC      OF ENERGY PRODUCTION 
FRACTIONS OF LDH 

INCREASE OF THE NUMBER      ACTIVATION OF 
OF RECEPTORS        PROTEOLYTIC ENZYMES 

INCREASE OF THE NUMBER       INCREASE OF THE NUMBER 
OF LYMPHOCYTES,       OF LYMPHOCYTES, 
MONOCYTES, EOSINOPHILS      MONOCYTES, EOSINOPHILS 

INCREAE OF HEMOGLOBIN      INCREASE OF ALPHA AND 
         CORTISOL RECEPTORS 

INCREASE OF Camp       INCREASE OF cAMP 
  



 
Fig. 1. Change in the oxygen uptake in ml per 100 g of weight for 1 minute in rats and mice (according 
to Kalabukhov). 1-6 rats; 7-8 mice; 1,4,7 - initial level of oxygen uptake; 2,6 - 10 min and 20 min after 
administration of serotonin against a background of hypoxia created by breathing 11% oxygen and 
nitrogen; 7 - mice (100 g/min); 8 - oxygen uptake by mice after breathing hypoxic mixture. 

Fig. 2. Izoenzymes of LDH under hypoxia in people (change in the number of LDH granules in rats at 
heights of 3040 and 2100 m). 
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PECULIARITIES OF THERMOREGULATION IN THE MOUNTAINS 
P. V. Beloshitskii; A. A. Bogomolcev Institute of Physiology, Academy of Sciences of Ukraine SSR, 
Kiev, USSR 

Abstract 

Maintenance of temperature homeostasis is of crucial importance for climbers who do 

intensive physical work under conditions of low temperature. 

Our measurements of organismic thermogenesis under conditions of hypoxia (P. V. 

Beloshitskii, 1979, 1982) showed that at altitude of 5500 m the amount of effective heat was 43% 

less than at an altitude of 2100 m. It was also established that there was a change in the chemical 

structure of animal thermogenesis under extreme conditions, and a hypothesis concerning the 

growing role of a “heat free-radical boiler” was forwarded P. V. BeIoshitskii, 1982). 

The problem of thermoregulation change as a part of the adaptation to hypoxia is of special 

interest. It was shown (P. V. Beloshitskii at al., 1987) that adaptation to hypoxia increased the 

capacity of the heart muscle, while adaptation to hypoxia combined with low temperature 

decreased it. 

Our study of hypoxia genesis under hypothermia (P. V. Beloshitskii, 1982) showed that under 

hypothermia up to 22 °C the tissue demand for oxygen was not limited by its prolonged supply, but 

histotoxic hypoxia developed gradually. These studies made it possible to develop methods for post 

hypothermal normalization of vital activity. The method of cross blood circulation turned out to be 

the most effective: it allowed normalization of the vital activity after 17.5 hours long hypothermia 

at 22 °C. 

Experiments on volunteers subjected to the influence of "high altitude" (7500 n) and low 

temperature (-55 °C) for one hour were also performed. The limits of bodily temperature decrease 

and changes of minute ventilation were determined, the parts of the body at greatest risk of 

frostbite were established etc. (P. V. Beloshitskii et al., 1984), 

The measures against hypoxia-and-low temperature complex, are both medical (selection, 

adaptation, hardening, prophylaxis, diet, posthypothermal normalization of vital activity) and 

technical (clothes with variable heat-preserving properties, heated means of transport, heat 

monitoring, inhaled-air warming, etc.). 

The problem of maintaining temperature homeostasis is crucial for mountain climbers 

exerting who do intensive physical effort under conditions of low temperature and hypoxia. Now, 

the question arises: how does the temperature state of organism change during ascent, as air 

rarefies while its temperature decreases, etc.? The organism releases more heat by conduction and 

less by convection and irradiation. There is also a significant increase in heat loss through respiratory 

tract, mainly due to evaporation. Mathews (7) estimates the respiratory heat loss at 15 – 25% of the 

total heat loss. Kendror (15) estimates it at 25 – 30%, and Tikhomirov (19) thinks it may be as much 

as 50%. 



 
Fig. 1. Effective heat (EH, relative units) and rectal temperature in fixed rats cooled at 0 °C at the 
"altitudes" of 2100 and 5600 m. Designations: SOaH - EH at the "altitude" of 2100 m, SObM - EH at 
the altitude of "5600" m. 

Fig. 2. Influence of combined adaptation to high-altitude hypoxia and cold on contractibility of the 
heart and its reactivity to adrenaline. Designations: A – adapted to high-altitude hypoxia, B – 
adapted to high-altitude hypoxia and cold; 1 – initial values; IFS – intensity of the functioning of 
structures (with an increase of HR to 430 under effect of electrostimulation) – a product of the 
pressure developed by the ventricle weight unit per heart rate, mm Hg/mg.min; ch – cold + height; 
c – cold. VO2 [ml·min-1·100 g-1]. 

The peculiarities of organismic thermoregulation in the mountains also include the possibility 

of an eventual conflict between the central and local reactions, “clashes” between separate 

physiological systems. For instance, intensive work at high altitude causes a sharp increase of 

ventilation. At the same time, the aperture of the respiratory tract narrows in the cold owing to 

reflex action, and airway resistance substantially increases. 

There are some other thermoregulation problems in the mountains. It was Blatteis, Gilbert, 

and Lutjerer (7–14) who established that metabolic reactions are weaker as a result of cold. 

According to Bazhenov (1), hypoxia substantially reduce the heat effect on muscular activity. 

We have conducted a research aimed at measuring thermogenesis under conditions of 

hypoxia. For this purpose we developed a method for measuring effective heat and critical 

temperature of thermogenesis. Effective heat is that part of heat produced by the organism which 

is used for heating the body of a cooled animal. And critical temperature is the rectal temperature 

at which thermogenesis of the organism ceases. It was found (Fig. 1) that at “altitude” od 5500 m 

effective heat is 43% less than at an “altitude” od 2100 m, while critical temperature increases from 

12.9±0,3 °C to 14.8±0,7 °C (3,5,16). 

It was shown that simultaneously with the thermogenesis decrease in animals under extreme 

conditions, the chemical structure of thermogenesis changes as well. In this connection we put 

forward a hypothesis concerning the growing role of the “heat free radical boiler” (2,6). 

Of peculiar interest is the problem of the thermogenesis change as a part of the adaptation to 

hypoxia. We have established (20) that adaptation to hypoxia increases the efficiency of the cardiac 

muscle, whereas adaptation to hypoxia plus cold decrease it (Fig. 2). Besides, animals which have 



been adapted to the combined influence of hypoxia and cold respond to adrenalin by a rise of the 

temperature and oxygen uptake. 

We have also carried out experiments aimed at elucidation of hypoxia genesis under 

hypothermia. It has been established (2) that under hypothermia up to 22 °C, tissues demand for 

oxygen is not limited by its supply for a long time, but histotoxic hypoxia develops gradually. The 

results of our study (4) have enabled development the methods for posthypothermal normalization 

of the vital activity. The method of cross blood circulation has proved to be the most effective. It 

has permitted the vital activity to be normalized 17.5 h after hypothermia at 22±1 °C. 

Finally, we have also performed experiments on volunteers (Fig. 3) subjected to the combined 

influence of "altitude" (7500 m) and cold (-50 °C) for 1 hour (18). The degree of temperature fall was 

established, the quantity of heat loss on a square unit of the naked body surfaces was measured, 

and it was shown that ventilation grows under the influence of cold and high altitude. The parts of 

the body most exposed to the danger of getting frostbitten were as follows: cheeks, chin, nose, 

shoulders, the major pectoral muscle, knee joints, fingers and toes, this was established by 

thermovision. 

The results obtained permitted us to outline a set of measures that should be complex and 

include both medical means (selection, adaptation, tempering, prophylaxis, posthypothermal 

normalization of the vital activity) and technical devices (such as clothes with variable heat-

preserving properties, means of transport provided with heating, constant-check-up of heat 

content, individual means of warming inspired air, etc.). 

 
Fig. 3. Combined action of low temperature (-50 °C) and hypoxia (7500 m) on the organism. 
Designation: tr – rectal temperature; te – averaged skin temperature; HL – heat loss, w.m 2 ; HR – 
heart rate; 1, I – initial values; II – after the action of cold, III – after the action of cold and altitude; 
2 – 20 min after action; 3 – after leaving the chamber. 
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FUNCTIONAL BODY CHANGES IN THE “SHUTTLING SYNFROME” AT MODERATE ALTITUDE 
A. L. Maximov, T. B. Chernook; Institude of High-Altitude Physiology and Experimental Pathology, 
Academy of Sciences of the Kirghiz SSR, Frunze, USSR 

Industrial development of mountain territories during the last decade has been characterized 

by mass utilization of work regimes in which groups of workers periodically migrate over a wide 

vertical and horizontal range (transit work), subsequently returning to their place of permanent 

residence. 

Since accuracy in predicting functional body capacities and working capacity depends to a 

great extent upon a whole complex of natural and industrial environmental factors, we have 

attempted to classify transit work at altitudes as a new medicobiological and social phenomenon. 

Transit work at altitudes may differ in duration, range of vertical migration, and extent of horizontal 

dislocations. The transit-work cycle may be pulsatile, short-term, or long-term. Under the pulsatile 

transit-work regime, the change in altitude occurs daily or many times a day. This regime is mostly 

characteristic of drivers and subjects performing work of a special type. Under short-term regime, 

a change in altitude occurs after 3, 7, 15 or 30 days of work. It should be noted that such a working 

regime is currently the one most used by and covers practically all the professions of miners and 

builders. In the long-term working regime the change in altitude occurs after one or two months of 

work. This type of working regime is probably the most widely used by workers of permanently 

operating high-altitude power plants and mining enterprises. Besides the duration of transit-work, 

of importance in the organization of work at altitude are the altitude zone within which the subject 

is transferred. From this point of view the zone from 0 to 1500 m is regarding as low-altitude work, 

up to 2500 m as moderate-altitude work, and above 2500 m as high-altitude work, with the range 

of vertical dislocation in any of the three zones being not less than 1000 m. In this respect it is 

understandable that during the initial periods of adaptation dislocation in the moderate-zone (from 

8000 to 2500 m) may prove to be more strenuous than in the high-altitude zone (from 3000 to 4000 

m). 

In this context of special interest is the pulsatile regime of work referred to as a “shuttling” 

regime, in our case represented by groups undertaking daily vertical migration from 460 to 1760 m 

above sea level with a 30-km horizontal displacement. Subjects who have worked in such a regime 

for three years or more usually complain of rapid fatigue, inertia, headaches, sleep disturbances and 

decreased working capacity. Of importance is the fact that ordinary medical examinations, even 

those involving functional diagnostic methods, have failed to reveal any clinical changes in any 

functional systems. 

As shown by complex physiological studies involving investigation of biological rhythms, the 

cardiovascular, respiratory, thermoregulatory and several other systems, practically every 

functional parameter was within the normal clinical range. However, the functional reserve of 

certain systems was decreased. Thus, comparison of data obtained in Group II with those in a group 

of subjects living permanently at low altitude (700 m) revealed significant difference in respiratory 

parameters, blood oxygen saturation and haemodynamics (Table 1). 

As regard respiratory function, it was found that pulmonary ventilation at rest in Group II was 

38% higher than in the controls while maximal ventilation was decreased by 25%. 



As to haemodynamics, a higher cardiac output was matched by peripheral flow resistance 23% 

higher than in controls. Exercise testing (tests with breath holding and rebreathing) revealed a lesser 

mobilization of the oxygen transport system. Thus, initial arterial oxygen saturation values were 3% 

lower in Group II and saturation recovery time was consistently increased during breath holding. 

Since hitherto most investigators have been of the opinion that, together with energy 

expenditure, the heart rate remains one of the most informative values in assessing the level of 

strain during work, we analysed the biorhythmologic status of statistical indices of the cardiac 

rhythm and its spectral and autocorrelation components. Thus, acrophases of the heart rate and 

the tension index fell at 7 p.m.; acrophases of the index for sympathetic and parasympathetic 

activity regulation also fell at evening hours. When the same parameters were analysed in 

permanent sea-level residents, the acrophases were found to occur during daylight hours (3 p.m.) 

rather than in the evening, i. e., during active wakefulness. Spectral cardiac-rhythm analysis 

performed on a biorhythmologic basis revealed a clear-cut 14-hour periodicity of the activity of the 

autonomous and central regulatory circuits. Acrophases of central regulatory circuit activity fell at 

2 a.m. Therefore, it may be assumed that one of the most adverse factors during a shuttling regime 

at altitude is not the daily ascent but rather daily descent, the periodicity of this process giving rise 

to changes in parasympathetic and sympathetic activity. This effect causes shifting of the acrophase 

of the autonomic regulatory circuit and the tension index to evening or event night-time hours. In 

all probability these processes are the cause of sleep disturbances and of the numerous complaints 

in Group II. 

Since system stability during adaptation to a combination of adverse natural and industrial 

factors is in many respects determined by interfunctional relations, we studied their structure with 

the aid of multifactorial correlation analysis. Thus, out of the physiological parameters analysed in 

a group of subjects living permanently at 1750 m above sea level and undergoing the effects of a 

shuttling regime, nine parameters proved to form a single correlation coefficients in the pleiad. 

Apparently, the structure of the main pleiad is determined by the necessary minimal correlation of 

functions that ensures optimal adaptability. The appearance of the additional pleiad probably 

reflects mobilization of reserve mechanisms by the body and increased biosocial cost of the state of 

relative adaptation. 

Thus, all the physiological studies performed indicate that the shuttling regime is stressful, are 

the combined functional changes occurring in the body under the influence of daily vertical 

migrations have been defined by us as the “shuttling syndrome”. The latter manifests itself to 

various degrees in the overall structure of functional states in the subjects studied; thus, in Group 

II, 35% the subjects had high level of functional reserves and their adaptation  was satisfactory, 31% 

had low reserve levels and were in a pronounced state of stress, while 10% had evident signs of 

predisease or disease states. 

  



Table 1. Parameters of respiratory function, oxyhaemometry and haemodynamics in subjects 
working under a regime of daily ascents to altitude. 

Parameters / Groups C I II 

 n = 16 n = 8 n = 
24 

Minute ventilation [l] 5.5 
± 

0.8 

6.0 ± 
0.7 

9.0 ± 
0.1* 

Vital capacity, predicted [l] 5.2 ± 0.1 5.1 ± 
0.1 

5.1 ± 
0.1 

Vital capacity, actual [l] 4.7 ± 0.2 4.6 ± 
0.1 

3.4 ± 
0.3* 

VCpredict/VCact [%] 90.3 89.9 66.8 

Macimal ventilation, 
predicted [l/min] 

120.5 ± 
4.0 

120.0 
± 3.6 

125.5 
±8.2 

Maximal ventilation, 
actual [l/min] 

119.0 ± 
3.6 

110.3 
± 8.0 

90.1 
±3.0* 

MVpredict/MVact [%] 99.0 91.6 72.0 

Respiratory reserve [%] 21.1 ± 
0.8 

18.3 
± 2.5 

10.0 
± 

0.9* 

Arterial O2 saturation, 
initial [%] 

96.5 ± 
0.5 

95.9 
± 0.5 

94.4 
±0.6* 

Arterial O2 saturation, 
minimal [%]+ 

82.0 ± 
1.6 

78.8 
± 1.5 

78.0± 
2.6 

SaO2 recovery time [s] 10.2± 
0.8 

9.2 ± 
3.2 

14.0 
± 

1.2* 

Heart rate [beats/min] 60.0 ± 
2.0 

62.0 
± 2.5 

84.0 
± 1.7 

Stroke volume [ml] 74.0 ± 
2.0 

72 ± 
4.5 

88.0 
± 

2.0* 

Cardiac output [l/min] 4.4 ± 0.1 4.8 ± 
0.2 

5.6 ± 
0.1* 

 

+ after breath holding * significantly different from controls 
C: controls (permament low-altitude residents) 
Group I: subjects living for 3 to 5 years at 1750 m above sea-level 
Group II: subjects daily ascending to 1750 m over a period of 3 to 5 years 

In summarizing it must be emphasized that the organization of work at altitude requires 

detailed complex investigation of all the currently available regimes in order todevelop scientifically 

valid recommendations as to the selection of subjects and the prediction of their functional states. 

Thus, the pulsatile work regime at altitude results in a shuttling syndrome that is a new 

medicobiological phenomenon involving discordance of physiological functional reserves and 

changes in the biorhythmologic status on a background of general body stress. 



DETERMINANTS OF ACCLIMATIZATION AND PERFORMANCE IN MGM-ALTITUDE EXPEDITONS 
J.-P. Richalet, P. Bouissou, J.-P. Herry, A. Kéromes, P. Larmignant, C. Rathat; A. R. P. E., Faculte de 
Médecine, Créteil, France 

Abstract 

Performance at high altitude was evaluated in 174 alpinists (136 men and 38 women) 

participating in a high altitude expedition. The maximal altitude reached (MaxAlt) during the 

expedition or maximal altitude ever reached by a particular subject (MaxAlt*) served as indices of 

performance. VO2max and ventilatory (HVR) and heart rate (HR) responses to hypoxia (F1O2=0.115) 

at 50% VO2max were determinated before the expedition. Symptoms of acute mountain sickness 

(AMS), assessed by means of a clinical score, and climbing profile were recorded during the 

expedition. 

MaxAlt and MaxAlt* were related to VO2max but not to HVR or HR. Occurrence of AMS was 

related to HVR and HR but not to VO2max. Subjects suffering from AMS have a spontaneous 

ventilatory pattern with higher frequency and lower tidal volume than nonsusceptible subjects. 

Occurrence of AMS is higher below 18 and above 50 yrs. The minimum number of days necessary 

to reach a given altitude was determinated as a function of the susceptibility to AMS and VO2max. 

Acclimatization to high altitude proceeds in 4 phases. Phase 1 (0-6 h): no or few signs of 

AMS; phase 2 (6h-1 week): acclimatization, max. signs of AMS; phase 3 (1-3 weeks): max. 

performance period; phase 4 (>3 weeks): degradation period. HVR and HR are determinants of 

phase 2, VO2max is a determinant of phase 3. Climbing Everest without oxygen seems possible 

with low HVR but unlikely with low VO2max. 

(This work was supported by grants from the Ministry of Sports and from Laboratories Sandoz 

France). 

  



EXPERT EVALUATION OF "ALTITUDE" TOLERANCE IN CANDIDATES FOR SOVIET EXPEDITION 

"EVEREST - 82" 

P. O. Gazenko, E. B. Gippenreiter, V. B. Malkin; Institute of Biomedical Problems of the Health 

Ministry of the USSR, Moscow, 123007 

Abstract 

Medical selection of 24 elite mountaineers aged 25-47 years included stepwise "lifts" in 

decompression chamber and breathing 9.5-10% oxygen gas mixture with graded work on bicycle 

ergometer to evaluate individual tolerance and work capacity under acute hypoxia and reveal 

hidden illnesses. Besides, a hyperventilation 3 min-test was given to determine resistance to 

hypocapnia. Higher acute hypoxia and exercise tolerances were established in mountaineers as 

compared with control subjects. A relatively high sensitivity of CNS for acute hypoxia was observed 

in two candidates. Changes testifying to the presence of latent cardiovascular system diseases were 

found in two other persons who were dismissed from further training. However, performance of 

workload eliminated bradycardia and normalized lowered blood pressure caused by breathing 

hypoxic gas mixture in two more climbers with reduced resistance for acute oxygen deficiency this 

allowing their recommendation that they be kept among team members. Tolerance for hypocapnia 

in was also increased in the mountaineers. Higher voluntary hyperventilation at altitude provides 

higher percentage of SaO2 in climbers and is one of the reasons of their better tolerance of acute 

hypoxia. The tests used permitted evaluation individual adaptation reserves and revealed abnormal 

reactions. 

Introduction 

Everest (8848 m) is the highest mountain on Earth and its ascent has remained a much 

cherished but unrealized dream for generations of mountaineers throughout the world. Norton and 

Sommerwell reached on it an altitude of nearly 8600 m already in 1924, however, the summit itself 

was eventually climbed only in 1953. The first of the three main difficulties encountered on Everest 

(altitude, weather and technical obstacles) is related with considerably lowered PO2 in the rarefied 

air. The barometric pressure on the very top of Everest is 253 mmHg (30). 

It is noteworthy that the first case of death of men from acute oxygen deficiency at high 

altitude happened to the aeronauts of the French balloon "Zenith" in 1875. During their flight they 

ascended to an altitude of 8600 m and stayed on it for less than two hours. Thus the crew did not 

even reach the height of Mt. Everest but not having been preliminary adapted to the lack of oxygen 

its members turned out not to be able to tolerate the considerable degree of hypoxia. This example 

is yet another testimony to the great importance of preliminary adaptation to high altitude. 

As is known from mountaineering practice and high-altitude physiology experiments, the 

main biological effect during high altitude climbing is evoked by the lowered atmospheric pressure 

and consequent diminished PO2 in the air leading to eventual development of oxygen deficiency in 

the organism. It makes one believe that in order to increase the safety of ascents it is expedient to 

take for the sake of prophylactics during preparatory stage of high-altitude expeditions a number of 

interrelated measures: to eliminate persons with decreased tolerance for hypoxia, in the first place 

those who are suffering from various latent diseases; to work out possibly the most rational 



acclimatization regime, i. e. to elaborate a schedule for work and rest while laying out the route and 

putting up high altitude camps, and, finally, top foresee the wise use of oxygen during assault. 

In this article we intend to dwell only upon the first question, i. e. selection of candidates for 

the first Soviet expedition to Mt. Everest in 1982. Undoubtedly, the level of working capacity and 

the way one feels at great altitudes are the best evidence of mountaineer´s individual tolerance for 

oxygen deficiency and other factors of high-altitude environment (9,10,12,15 etc.). This can be 

testified by the results of scientific observations at high-altitude stations or during expeditions. An 

alternative variant is the evaluation of a climber's state by his teammates or by himself under such 

conditions. However, one should treat such data with certain caution because mountaineers are not 

always able to estimate correctly their condition during ascents owing to the development of 

euphoria or, on the contrary, the blunting of the CNS "control system" during hypoxia. It is also 

possible that for personal reasons they may want to conceal their true state from other members, 

doctor or team leader. All this naturally implies that climber´s state should be tested to obtain 

objective data during simulation of high-altitude conditions in laboratories. This has been done from 

remote time since Paul Bert (6) with the help of air rarefaction in the decompression chamber. 

However, the considerable shortcoming of this method in the majority of works known to us was 

that the rarefaction of atmosphere – "lifting to altitude" - was rapid and the duration of one's stay 

in it was relatively short which does not correspond to the real conditions during mountain climbing. 

This was understood by an explorer and mountaineer Ch. Houston who together with R. Riley 

conducted in 1947 a special experiment called "Operation Everest". Four volunteer test persons 

lived for 35 days in the decompression chamber in which the atmospheric pressure was being 

lowered daily thus imitating a slow ascent; during the last day the final summit was modelled. It is 

important to note that the investigators themselves did not suffer from hypoxia and the 

experimental conditions were strictly controlled, which is not possible during high altitude 

expeditions (11). However, even in this unique experiment, as in all others, the imitation was not 

absolutely adequate because other unavoidable "sputniks" of high-altitude ascents were absent: 

low ambient temperature and its sharp diurnal changes, intensive solar radiation, wind, as well as a 

complex of factors connected with difficult mountain terrain which entails risk for life and certain 

psychoemotional tension. 

In spite of the aforesaid considerable shortcomings, the method of "lifts" in the 

decompression chamber for predicting individual resistance against high-altitude hypoxia gives 

certain benefits. Decompression tests are conducted in strictly controlled and reproducible 

conditions and therefore they are widely used in expertize of persons who can experience oxygen 

deficiency due to professional duties. This method was used for instance during selection of 

candidates for the Italian expedition to K2 (8611 m), the second world's highest summit, in 1954. 

Many years’ experience in aviation and space-exploration medicine shows that "lifts" in various 

regimes to 5000 – 7000 m "altitudes" can be and has been helpful in a number of cases in revealing 

some latent diseases, in the first place of nervous and cardiovascular systems (4,5,13,14,17,20,24,29 

etc.). One should also bear in mind that such "lifts" can reveal persons with highly inferior or highly 

superior sensitivity to the lack of oxygen. Here we should like to mention once more that our 

personal experience shows that in certain cases persons who demonstrate lowered "altitude" 

tolerance in decompression chambers can display high tolerance and working capacity under the 



real conditions of slow ascents in the mountains during which acclimatization develops. It happens 

first of all with people who show precollapsoid reactions – bradycardia and blood pressure fall – 

during rapid decompression "lifts". For instance, one of our subjects, a Master of Sport of the USSR 

in mountaineering, lost consciousness during a decompression chamber test at an "altitude" of 6000 

m as a result of bradycardia-syncope. A month later he was nevertheless allowed to participate in a 

high-altitude expedition, reached the top of Khan-Tengri peak (6995 m), showed, in the opinion of 

other participants, high working capacity, and was feeling well (19). It is known from the literature 

that there exist and are being used in practice several methods for testing oxygen deficiency 

tolerance: 

 "lifts" in decompression chambers with various regimes, intermittent or continuous, to 
determine "altitude ceiling"; 

 "lifts" in decompression chambers to great "altitude", usually 7500 m, with a sharp cut of 
oxygen supply, to evaluate "time reserve"; 

 rebreathing method or respiration test; 

 breathing gas mixtures with lowered oxygen content at rest or during simultaneous 
performance of workloads; 

 breathing gas mixtures with total oxygen absence, for instance, a test on breathing pure 
nitrogen, to reveal tolerance for a super acute form of hypoxia; 

 a functional test with voluntary breath holding, etc. 

To prognosticate one's tolerance for hypoxia and working capacity level under 

mountaineering conditions, some authors suggest to take into account the maximal values of a 

number of physiological parameters serving as limiting factors, e.g. "a standard athlete" for middle-

altitude competitions (16), and "a conventional mountaineer" for high altitudes (26); other authors 

attribute leading importance to a certain complex of, or even separate physiological reactions – 

ECG, EEG, tissue PO2 level, etc. (5,7,14,15,21,23,27, etc.); there are still others who recommend to 

make use of special nomograms or formulas (2,3). 

Our many years´ experience of hypoxia simulation under laboratory conditions testifies that 

stepwise "lifts" in decompression chambers and breathing gas mixtures with lowered oxygen 

content in combination with stepwise increase of physical loads are the most informative methods 

for the purpose. In our material we shall represent the experimental data obtained in mountaineers 

with the help of these methods. The testing was done in order to work out recommendations for 

the selection of the most perspective candidates for the first Soviet expedition to Mt. Everest on the 

basis of evaluation of their individual tolerance for acute hypoxia and their ability to carry out 

physical work under oxygen deficiency. It was preceded by a thorough medical examination which 

revealed persons with deviations and disturbances in their health. Therefore some of them were 

excluded from further training (7 persons) as not affording much prospect; others were given 

recommendations to undergo medical treatment, for instance, sanation of their oral and 

nasopharyngeal cavities etc. So, practically only candidates in good health were allowed to be 

tested. 

  



Methods 

Following methods have been used: 

1. "Lifts°" in the decompression chamber. 

"Lifts" were carried out without additional oxygen supply at a rate of 20 m/s up to a 5000 m 

"altitude" – 1st 15-minute pause. Further "lifts" were carried out with 10-minute pauses at each 

1000 m level until the onset of reactions which testified to the development of deep hypoxia state 

requiring the cessation of further "ascent" and use of oxygen mask. The main indications for doing 

so were the development of clonic seizures of separate muscle groups and sharp retardation 

accompanied by a loss of capability to solve elementary arithmetic tasks (addition of simple 

numbers) as well as appearance of bradycardia, sharp changes in arterial blood pressure, and 

domination of slow waves within the range of theta and delta rhythms on the EEG tracings. During 

these tests, simultaneously with medical observation, we recorded ECG, EEG, pneumogram, lung 

ventilation, arterial blood pressure, pulse rate, oxygen uptake, tissue PO2 level in arm, and checked 

capability to fulfil psychological tests. 

2. Combined functional tests: hypoxia plus physical load. 

A tested person in a sitting position on a bicycle ergometer had to breathe gas mixture 

containing 9.5–10% oxygen equivalent to the altitude of the expedition Base Camp (5300–5400 m). 

Ten minutes after the commencement of breathing this gas mixture a mountaineer began to carry 

out on bicycle ergometer, for 3  minutes, the load being 300, 600, 900 and 1200 kpm/min. The test 

was stopped either after the subject had fulfilled all the work imposed, or when he refused to 

continue doing it, or owing to medical indications. Before and during the test in the process of 10-

minute restoration, the following parameters were recorded: ECG in the Nehb three leads system, 

EEG in frontooccipital, temporal and parietal leads, rate of respiratory movements and, amplitude, 

PAO2, PACO2, VO2, minute volume, SaO2 and arterial blood pressure (Fig. 1). 

3. Functional test for forced voluntary hyperventilation. 

This test was conducted before a stepwise "lift" in decompression chamber to evaluate a 

subject´s individual tolerance to hypocapnia. Mountaineers were instructed to breathe for three 

minutes as deeply and frequently as possible (but not more than 25 breaths/min}. The test tolerance 

was evaluated in terms of both the subject´s general condition and EEG, respiration and ECG data. 

Hyperventilation was stopped before time upon development of domination of high-amplitude slow 

waves in the EEG and marked worsening of the subject´s general state. 

Results and Discussion 

As in previous studies (1v18,22,28 etc.), it was found that resistance to acute hypoxia in 24 

mountaineers under basal conditions, i. e. before going to the mountains, showed wide individual 

variations but in general was higher than in nonmountaineers. Only two candidates could not stay 

at 8000-m "altitude", one of them showed polytope extrasystolia on the ECG and the other one 

evinced sharp retardation and drowsiness turning into sleep. Four subjects could stay at a 9000-m 

"altitude" for less than three minutes due to pronounced disturbances in CNS activity, development 

of retardation, loss of capability to solve arithmetic tasks, appearance of cramps and jerks in 

separate muscle groups. Five persons stayed at this "altitude" for more than 5 minutes. Nine 



subjects managed to stay throughout the test period, i. e. 10 minutes, at a 9000-m "altitude" and 

three persons at 10,000-m "altitude". 

In evaluating these data one should note that the values of "altitude ceiling" obtained by us 

are somewhat higher than the data reported in the literature. This can be explained not only by 

most of our subjects belonging to the elite of high-altitude mountaineers but also possibly by the 

pecu1arities in the method of conducting the decompression test: the addition of single-digit 

numbers was done orally at the experimentator's commands given in a loud voice, which most 

probably produced mobilizing or in some cases "awakening" effects on those tested persons who 

had already fallen into retarded state and had thus nearly lost mental working capacity. In this 

respect, dynamic observations of the subjects´ condition during the process of "lifting" were of some 

importance. Many of them started to make mistakes in arithmetic tests beginning from 7000–8000-

m "altitude", some displayed episodes of retardedness and drowsiness, whereas two, on the 

contrary, episodically lapsed into the state of euphoria. It is noteworthy that during the period of 

deterioration, development of retardation and appearance on EEG a great number of theta and 

delta waves of increased amplitude, the experimenter´s mobilizing commands led to disappearance 

of slow waves and appearance of desynchronization on EEG and temporary improvement in the 

subjects´ state. 

Two persons had a low threshold (6000 m) for the appearance of high-altitude theta waves 

on EEG and one of them showed an episode of discharge activity. Another subject displayed a 

considerable increase in systolic blood pressure, from an initial 155 to 199-220 mmHg, with a 

considerable decrease in diastolic blood pressure, therefore his further "lifting" was stopped and he 

underwent a special additional examination which discovered that he had a chronic cardiac disease 

– mitral valve prolapse; therefore he was eliminated from further training. 

Respiratory reactions during decompression tests were of considerable interest. Breathing 

frequency and minute volume increased considerably in the majority of the tested persons at 7,000 

– 10,000 m "altitudes". For instance, before "lift" the respiratory rate in subject E-f was 6–8 

breaths/min, whereas at 9000-m "altitude" it increased sharply to 24-30 breaths/min. Changes in 

breathing frequency seen in subject Sh. had a wavy pattern: before a "lift", 8–12 breaths/min, at 

6000–7000-m "altitudes" it decreased to 6 breaths/min with an increase in minute volume, and at 

9000-m "altitude" it sharply and unevenly increased up to 30 breaths/min. Such a dramatic increase 

in the respiratory rate was found in 19 out of 24 subjects. 

These observations allowed us to witness again, as before (19,20), that at a certain time 

mountaineers start to hyperventilate voluntarily in order to increase their "altitude ceiling". In this 

connection we should like to draw attention to the results of 3-minute hyperventilation functional 

test. When it is done under normoxia conditions mountaineers display a higher resistance to 

hypocapnia in comparison with nonmountaineers: 60% of the control-group subjects show in the 

2nd–3rd minutes of such a test the high-amplitude theta and delta activity (8), in many cases it has a 

paroxysmal character. 

Only six out of 22 mountaineers displayed during the hyperventilation test theta and delta 

waves of increased amplitude on the EEG and only in two of them this activity was of a paroxysmal 

character; in four mountaineers it was expressed episodically and after cessation of the test it 



quickly disappeared in 30–40 seconds. The rest of the mountaineers showed, during 

hyperventilation, only an increase in the alpha-rhythm – an increase in the number and amplitude 

of alpha waves – and some of them showed a decrease in frequency and disorganization in the 

structure of alpha waves. Thus, the use of hyperventilation test made it possible to establish that 

the majority of mountaineers possess a higher resistance to hypocapnia than healthy 

nonmountaineers. 

The test for breathing gas mixture in combination with physical work revealed individual 

variations among mountaineers already at rest. Two of them had deviations from the accepted 

norm on the ECG initial tracings, especially marked in the ECG from B., who later reached the top of 

Everest without oxygen making use of it only at night to normalize sleep and improve recovery. He 

showed bradycardia at rest before the test – 37 beats/min with an unstable, sinus rhythm, 

displacement of pacemaker from sinus knot to lower cardiac sections. However, from the very first 

minutes after the start of breathing gas mixture we could observe the restoration (normalization) 

of sinus rhythm, the ECG reached the norm limits and remained so throughout the test. Subject M., 

who also reached the top of Mt. Everest using oxygen set, had lowered T waves on the initial ECG 

and during the work performance beginning from 600-900 kpm/min loads, the horizontal 

displacement of ST segment was more than 1 mm below the isoline. 

A somewhat lowered tolerance for hypoxia while breathing gas mixture was seen in 

mountaineers E-v and T-ch (both of them made an ascent of Everest at night using oxygen), who 

displayed bradycardia in the 8th–9th minutes of the test against a background of decrease in arterial 

blood pressure. 

In order to correct such a reaction, these subjects were offered to start pedalling the bicycle 

ergometer ahead of time, which led to an increase in the heart rate and blood pressure. It is 

noteworthy that both of these mountaineers reported improvement of their general state upon 

completion of the physical work. After the end of the experiment the subject T-ch wrote: "At the 

onset of the test I felt nauseated and drowsy at rest. After I started to work my state improved and 

I felt good until the end of it". 

The initial EEG tracings before this test were within the norm limits in all subjects except one 

(Boyh-f). After the commencement of hypoxic gas mixture breathing the majority of the tested 

persons demonstrated only an increase of alpha-rhythm: an increase of the alpha index and alpha 

waves amplitude. Subject Bozh-f showed short-term bilateral discharges of theta waves of increased 

amplitude. 

The respiratory reactions and oxygen consumption in mountaineers differed in some ways 

from well-known and formerly described patterns in persons without previous high altitude 

experience. These differences consisted first of all in the fact that hypoxic gas mixture breathing 

evoked in the majority of the tested climbers an increase in oxygen consumption, considerable 

increase in minute volume and decrease in respiratory rate. 

The management of stepwise workloads on the bicycle ergometer accompanied by hypoxic 

gas mixture breathing enabled us to classify all the mountaineers in four groups. The 1st group 

consisted of 11 persons with high working capacity under hypoxic conditions who managed to cope 

with all the work loads; the 2nd group included five persons who coped with the test in a satisfactory 



way having fulfilled the work up to 900kpm/min and 50% of 1200 kpm/min; the 3rd group were four 

persons who showed lowered working capacity, i. e. they could manage only the 900 kpm/min work 

load and one of them was requested to stop the test because of development "ischaemic" changes 

in his ECG. The 4th group comprised two subjects who could not manage the 900 kpm/min work 

load; one of them was O-ko, who refused to tackle the 900 kpm/min work load. 

On the whole, the working capacity of mountaineers who performed physical work while 

breathing gas mixture with a lowered oxygen content turned out to be higher than that of 

nonmountaineers. 

Conclusion 

1. The use of the hypoxic test, stepwise "lifts" in decompression chamber and breathing gas mixture 

with lowered oxygen content combined with exposure to work enabled us: 

a)  to evaluate individual tolerance for acute hypoxic exposure in all the candidates for the 
expedition; 

b)  to discover in two candidates changes falling below the norm limits (polytope ventricular 
extrasystolia, sharp increase in systolic blood pressure with considerable decrease in diastolic 
pressure) which testified to the presence of latent cardiovascular disease which led to their 
dismissal in time from further training for the expedition; 

c)  to reveal persons with considerably sensitivity of the CNS for acute hypoxia evidenced by the 
appearance on the EEG during "lifting" to relatively low "altitudes" of about 5000–6000 m 
episodes of paroxysmal slow activity; as a result, three of the four persons were eliminated 
from further training; 

d)  to make the interesting observation that the performance of physical work led to 
normalization of circulatory functions and top increase of resistance against hypoxia in two 
persons with the lowered tolerance for this factor; 

e)  to rank all the candidates in accordance with their ability to perform physical work under 
oxygen deficiency (for the time of testing). 

2. Decompression tests confirmed previously data about enhanced tolerance for acute hypoxia in 

mountaineers. These tests have made it clear that the mechanism of this phenomenon is connected 

to a certain degree with peculiarities of respiratory control – voluntary hyperventilation starting at 

high altitudes in order to preserve of brain circulation on high level 

3. The voluntary hyperventilation test made it possible to determine individual, and on the whole 

increased tolerance of mountaineers for acute hypocapnia, which has some significance regarding 

the mechanism responsible for the increased resistance for hypoxia as well. 

On the basis of the results of this work and literary data one can conclude that, at present, 

there exists no single test or index in terms of which a mountaineer´s high-altitude tolerance could 

be evaluated under laboratory conditions sufficiently to allow prediction of his oxygen deficiency 

tolerance in the mountains. Evidently, when selecting candidates for high-altitude expedition, it is 

expedient to make use of a complex of physiological tests, among them slow and stepwise "lifts" in 

decompression chamber and hypoxic gas mixture breathing in combination with exposure to 

physical workloads and a voluntary hyperventilation test. The information obtained with the help 

of such tests has turned out to be useful in the complex of rational selection criteria and methods, 

and for one thing it contributed to the success of the expedition during which 11 Soviet climbers 



reached the top of Mt. Everest under very unfavourable weather conditions by a pioneer route up 

the South-West buttress. 

(Unfortunately it was not possible to print the tables and figures) 
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HIGH-ALTITUDE EXPEDITIONS WITH AND WITHOUT A DOCTOR: POSSIBILITIES FOR TESTING 
PHYSIOLOGICAL FUNCTIONS AND MEDICAL ASSESSMENT ON THE SPOT 

J. R. Morandeira, G. Martinez Villen; Service of Biomedicine and Biomaterials, University of 

Zaragoza, Spain 

Abstract 

The authors have supervised medically 10 expeditions to high altitudes. In 6 of them they took 

an active part as mountain doctors. In another 3, they supervised the medical aspectside but the 

on-the-spot control and assessment were entrusted to a mountaineer who was not a doctor. The 

last of the expeditions involved the medical study of a survival experiment, with a climber who 

stayed in solitude for 66 days on the summit of Aconcagua contacting with the medical team 

periodically by radio. 

The results show that even when there had been careful training in medical experience at high 

altitude, both the control of physiological functions and medical assistance were very deficient in all 

those cases in which there was no doctor on the spot. 

  



EFFECT OF ACUTE HYPOXIA ON HORMONAL RESPONSE TO EXERCISE 
V. Štich, J. Zelený, A. Veselková, R. Mader; IVth Clinics of Internal Medicine, Prague, National 

Health Institute for Sport, Prague. 

Abstract 

The effect of acute hypoxia on exercise-induced hormonal responses was studied in a 

hypobaric chamber. Six healthy volunteers were subjected to graded exercise under normoxia (NO) 

and hypoxic (HO) conditions. Spirometry data and plasma levels of epinephrine, norepinephrine, 

cortisol, growth hormone, glucose, pyruvate, lactate and fatty acids were measured at rest and 

different grades of exercise. 

No significant changes for rest values of hormones and substrates were found. Exercise-

induced catecholamine responses were significantly increased at HO, while no significant 

differences were found for other hormones. The exercise-induced increase of fatty acids was higher 

at HO. The respiration ratio was lower at HO. 

These data confirm that there is a shift toward augmented lipid utilization under an exercise 

load and this shift in energy substrate metabolism could be controlled by a higher catecholamine 

response to exercise in hypoxia. 

Introduction 

The metabolism of energy substrates during exercise and their availability to the exercising 

muscle are subject to hormonal regulation. Hypoxia – being ad additional stressor – interacts with 

the exercise-induced hormonal response and is expected to alter its character. The aim of this study 

was to evaluate the effect of acute hypoxia on the exercise-induced response to sympatoadrenal 

and pituitary-adrenocortical system during submaximal and maximal exercises. Levels of energy 

substrates were evaluated, too. 

Methods 

The subjects were six active sportsmen aged 25.3 ± 4.7 years. Their average weight was 80.8 

± 11.2 kg, height 179 ± 5.7 cm, index of Broca 108 ± 16.9% of ideal weight. The subjects were 

examined on two occasions: first in the laboratory under normoxia conditions, one week later they 

were tested in a hypobaric chamber. 

The model of the exercise on a bicycle ergometer was following: two submaximal exercises with 

loads of 2 W/kg and 3 W/kg of weight and, after a rest period, a test “ad vita maxima” was 

performed. Cardiorespiratory parameters were measured during all tests. Blood samples were 

withdrawn from an inserted intravenous catheter in a sitting position. The basal sample was 

obtained at a 0.5 hour´s interval following catheter insertion, subsequent samples were (annotation 

2 in the graphs), at the end of the maximal test (3), and at the 10th and 30th minute after the end of 

the exercise. 

Blood was analysed for epinephrine (A), norepinephrine (NA) and dopamine (D) by modified 
radioenzymatic methods using tritium S-adenosyl-methionine kit Catechola (UVVR, CSSR). Growth 
hormone (GH) and cortisol (KOR) levels were analysed using RIA methods (CM-Cort, France, or GH 
kit, Poland). Glycaemia, free fatty acids (FFA), lactate and pyruvate were determined as well. 

Statistical evaluation was done using the Wilcoxon test for paired samples.  



Results 

Table 1 presents the per cent changes of cardiorespiratory parameters in hypoxia compared 

with normoxia. 

   [% = 100 – value (hypoxia / value (normoxia) 

Table 1. Per cent changes of cardiorespiratory parameters in hypoxia as compared with normoxia. 
% SUBMAX=per cent (see the text for the formula) change at submaximal exercise (3 W/kg). 
% MAX=per cent change at maximal exercise. fH=HEART RATE, VO2=oxygen consumption, VE= 
ventilation per minute, TIME=time before exhaustion in maximal test. 

   fH  VO2  VE  TIME 

% SUBMAX]  + 6.9  –  9.8  + 16.7  – 

% MAX   + 1.6  – 13.0  +   4.4  – 6.7 

Figure 1 show the plasma levels of A, NA and D at the basal condition (0) and at the end of 

exposure to maximal load (3) in normoxia and hypoxic conditions. The levels were significantly 

higher for A and NA in the submaximal test. A trend towards higher levels of NA was found in 

hypoxia, though the figures were not significant due to a high scatter of individual values. 

 

Figure 2 presents the cortisol (KOR) and growth-hormone (STH) levels at the basal state, the 

end of the maximal test (3), and the 10th (4) and 30th (5) minute following the end of the maximal 

test. Although there is a trend toward higher values in hypoxia for all the time intervals for growth 

hormone and for the 10th and 30th minute for cortisol levels, the differences are not statistically 

significant due to high interindividual fluctuation. 



 

Figures 3 and 4 represent the increase of FFA and glycaemia during the maximal test (i.e. 

maximal-basal values). There is no significant difference in glycaemia increase. A clear trend toward 

higher increments of FFA is obvious at the end of maximal exercise and at the 10th minute after its 

end, but the differences are not significant owing to interindividual variation. 

Discussion 

The results suggest a higher sympatoadrenal response to physical exercise under hypoxic 

conditions as compared with normoxia. Thus the stress of hypoxia is superimposed on the effect of 

exercise. That an evidently higher catecholamine response was not observable in the maximal test 

was due to the shorter duration of the maximal test in hypoxia (as presented in Table 1), the 

magnitude of the response being a function of the duration of exercise. 

A trend towards a higher response to exercise in hypoxia can be distinguished for cortisol and 

growth hormone as well, though it is not statistical significant. 

The higher response to exercise in hypoxia found for the “stress” hormones is very probably 

one of the regulatory factors ensuring s higher proportion of fat utilization (vs. carbohydrates) at 

exercise under hypoxia as reported by previous authors (Sutton 1983, Guilland 1985, Gilland 1984). 

In our study this was documented by the higher FFA increments at the end of the maximal test in 

hypoxia (in spite of the shorter duration of the test), while glycaemia did not show a different 

response. The respiratory ratio is not a relevant marker of substrate utilization in hypoxia as it is 

influenced by the hyperventilation inherent in hypoxia. 

The induced metabolic shift leading to a higher proportion of fat utilization cannot be 

considered advantageous under conditions of reduced partial oxygen pressure in the inspired air, 

take into account the lower energy production per 1 litre of oxygen during fat utilization as 

compared with carbohydrates. High-carbohydrate diet partially reversed this negative effect of 

hypoxia on energy substrate metabolism and is thus to be recommended during stays at the higher 

altitudes. 
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CHANGES OF SELECTED PHYSIOLOGICAL FUNCTIONS IN SAGARMATRA '84 EXPEDITION 
MEMBERS UNDER MODELLED CONDITIONS IN PRESSURE CHAMBER 

L. Hubačová(1), I. Borský(1), B. Líška(2), M. Palát(3), F. Strelka(1), G. Kováč(4.) 
(1) Research Institute of Preventive Medicine, Bratislava. (2) Department of Chemistry and 

Biochemistry, Medical Faculty, Comenius University, Bratislava. (3) Department of Physiatry and 

Balneology, Postgraduate Medical Institute, Bratislava. (4) L. Dérer Hospital, Bratislava, 

Czechoslovakia. 

We examined 13 men: 8 mountaineers who planned to ascend Mount Everest and five 

research workers (geographers) who planned ascent to the maximal altitude of 5000 m in the 

Himalaya mountains in 1984. We performed the basic clinical examination, including 

electrocardiography and ergometric examination, under the normal atmospheric pressure. A 

scheme of examination in the modelled conditions in a pressure chamber was proposed (up to an 

altitude of 7000 m). This scheme was verified experimentally. We ascertained the influence of 

hypobaric-hypoxic conditions (at rest and in combination with a physical load on a bicycle 

ergometer) on selected physiological functions and on some indices of psychic and biochemical 

functions of the probands. On the basis of our examination the functional efficiency of the probands 

was judged. The results were delivered to the Medical Commission of the Czechoslovak 

Mountaineering Association and were used as the basis for the selection of team members for the 

Mount Everest summit. 

In 1984 our mountaineers prepared for the expedition to Himalaya mountains. The aim of the 

expedition was to reach the highest peak in the world - Mount Everest, The second aim of the 

expedition was the ecological and geographic research in Himalayas mountains (research part of 

the expedition). 

Methods 

We examined 13 men: eight mountaineers who intended to be members of the summit team 

and five research workers, who planned to ascent to the maximal altitude of 5000 m. The mean age 

of mountaineers was 38 years; the research workers, 44 years. We carried out the anthropometric 

and a basic clinical examination, including electrocardiography (ECG) and an ergometric 

examination under normal atmospheric pressure. We proposed and experimentally we certified the 

scheme for examining the probands in the pressure chamber at the Research Institute of Preventive 

Medicine in Bratislava. Figure 1 shows the proposal of the examination under modelled hypobaric 

conditions. 

The physical load in hypobaric hypoxia was modelled on a bicycle ergometer (150 W; 

approximately 2 W for 1 kg of the proband´s weight). Five-minutes working cycles alternated with 

15-minutes resting pauses. During these pauses the atmospheric pressure in pressure chamber was 

continually decreased – in 10 minutes the decrease was equivalent to 1000-m altitude. After that 

followed 5 minutes of acclimatization and 5 minutes work on the bicycle ergometer. 

Probands cycled under this scheme till exhaustion (in terms of adverse subjective feelings, 

dyspnoea, pain in muscles of the low extremities, very high heart rate or blood pressure values, 

specific changes on ECG, etc.}. The maximal modelled altitude at which the mountaineers were able 

to work was 70000 m (41.1 kPa), research workers, 4000–6000 m (61.6-47.3 kPa). 



Figure 1. Modelled altitude and pressure in the chamber. 

 
During the experiments we investigated the influence of hypobaric-hypoxic conditions (at rest 

and in the combination with the physical load) on different physiological, psychological and 

biochemical indices. Many of them were valuable for our experiments: heart rate, ECG, blood 

pressure, psychological performance tests, subjective evaluation of experimental situation, some 

biochemical indices (indices of acidobase, creatinine, transaminases), etc. In this paper we present 

the changes of some physiological parameters. 

Figure 2. Modelled altitude and heart rate (min-1). 

 

Results 

Figure 2 illustrates changes of the heart rate of mountaineers and research workers during 

repeated work in the modelled hypobaria at the level of 3000-7000 m. The heart rates of scientific 

workers were usually higher than in the mountaineers, but not significantly. The immediate post 

work heart increased linearly with altitude. During the rest phases the heart rate decreased quickly 

but not to the level of rest values after work under normobaric conditions. The increments of heart 

rate at rest phases at the individual altitudes also displayed linear trend. 



Figure 3 shows changes in blood pressure under the same hypobaric condition. During work, 

the systolic blood pressure (Bps) expressively increased, the diastolic blood pressure (BPd) did not 

change unequivocally. At work, values of BPs were usually lower at research workers. BPd were 

lower in mountaineers throughout the whole experiment. At rest after work under hypobaria, BPs 

values returned to the basic values equal to those after work under normobaric conditions. 

Figure 3. Modelled altitude and blood pressure (kPa). 

 
During ergometric tests under normal atmospheric pressure there were no pathological 

changes on the ECG records. Particular attention was paid to the evaluation of ECG records during 

the work in hypobaric conditions, namely in the highest altitude at which the proband was able to 

work. In the last phase of work we found an elevation of the ST segment about 0.1 mV in the V1 

lead in three probands. During the acclimatization period and at work at the 5000-m level the 

depression of the ST segment was about 0.3 mV in the V5 lead, which was evaluated as an ischaemic 

reaction. When atmospheric pressure being increased we did not find these changes. 

Discussion and Conclusion 

On the basis of our examination under normobaric and hypobaric conditions, we determined 

a higher efficiency of mountaineers in comparison with research workers. Mountaineers reached 

higher performance under normobaric conditions, they were able to stay for longer time under 

pronounced hypobaria, and they were able to work at the higher modelled altitudes. 

We observed that ECG monitoring, detailed analysis of ECG records, evaluation of heart rate 

and blood pressure measurements are very important for the judgment of mountaineers´ efficiency 

when studied under modelled hypobaric conditions. If pathological changes appear on ECG records 

during work under acute hypobaria, it is necessary to dismiss the proband from participation in the 

expedition. 

Our Individual evaluation of the probands we delivered to the Czechoslovak Union of Physical 

Education and it was used as a basis for the selection of top team members for the climb to the 

Mount Everest summit.  
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THE MEDICAL MOUNTAINEERING EXPEDITION PAMIR 1988 
L. Laho, M. Kováč, M. Krajčovič, V. Zábrodský, S. Dluholucký,  E. Bielik, B. Švecová, K. Kralinský, J. 

Bulejčík, P. Dedič, A. Patka; Regional Hospital Banska Bystr1ca, Climbing Club Biotica Slovenska 

Lupča, Czechoslovakia 

The Medical Mountaineering expedition Pamir 1988, organized by the Regional Hospital 

Banska Bystrica and Climbing Club Biotika Slovenská Lupča took place from the 3rd July to 3rd 

August 1988 in the Alayska Valley of the Pamir Mountains. 

The research team consisted of five doctors (2 intensivists, 1 anaesthesiologist, 1 

otorhinolaryngologist, 1 surgeon) and 1 technician. They proceeded in close cooperation with 15 

Czechoslovak and 20 Soviet climbers from Cimkent. 

The main aims of the expedition were: 

1. to examine the possibilities of laboratory work under base camp conditions as well as of 
manipulation and transport of blood samples in high mountains; 

2. to investigate the role of hypocapnia in the etiopathogenesis of high-altitude disease and 
to study the possibilities and effects of artificial carbon dioxide intake. 

There were also secondary research programs including: 

1. Ophthalmologic examination of the retina and taking audiograms before and after climbs 
to high altitudes. 

2. Daily completion of psychological questionnaires and overall psychological examination 
before and after the expedition. 

3. Measurement of various biochemical parameters, ECG records, determination of Ruffier´s 
test at various altitudes and various stages of acclimatization. 

Our principal idea was: low PCO2 is as dangerous for climbers at high altitude as low P02. 

There exist three harmful effects of hypocapnia on the organism: 

1. A well-known ventilatory dysregulation with development of periodical breathing and 

hypoxia especially during sleep. 

2. Respiratory alkalosis with its effects on the calcium metabolism, bicarbonate depletion 

and a shift of the haemoglobin dissociation curve to the left – this shift may be of 

advantage to the climber, but also a danger of forced hypoxia is possible. 

3. The third effect of hypocapnia is acute vasoconstriction and thus hypoperfusion and 

hypoxia, mainly cerebral and cardiac. This danger occurs in situation when acceleration of 

the climbers' performance is needed, when a sudden drop of PCO2 may take place. 

Repeated hypoperfusion and reperfusion of the tissue may hypothetically cause a change 

in oxygen metabolism and development of oxygen radicals. 

The main experiment was placed between two camps at heights of 4200 and 4800 m above 

sea level. Twenty-three climbers made the trips between the camps twice. Between these climbs 

they rested one day at the base camp. One trip to the higher camp was with artificial intake of CO2 

through specially constructed system. 



We looked for difference between “carbon dioxide” group and “control” group in the levels 

of blood gases, blood pH, concentrations of lactate, uric acid, minerals, ECG records, Ruffier’s tests, 

capability of mental concentration, and the subjective state of the climbers. 

We found statistically significant lower pH and higher PO2 and a less significant lower of lactate 

concentration in the "CO2" group. 

Also interesting was the effect of the CO2 intake to relationship between PO2 and PCO2. The 

curve in the “CO2 group” changed to a horizontal one and relationship disappeared. 

Our work demonstrated that artificial intake of CO2 can improve the oxygenation of tissues of 

climbers at high altitudes, bringing about a  rise of PO2 in arterial blood, probably as a result of 

improved alveolar ventilation, and lowered pH, and so optimization of the utilization of oxygen in 

peripheral tissues. 

On the basis of our results we can say that the hidden rationale for acclimatization is to a great 

extent to accustom the organism to hypocapnia. In other words, the lower is the PCO2 level that can 

be tolerated by the climber, the higher he can climb. 

Has artificial CO2 intake a practical consequence? In order to answer this question and some 

others, the experiment would have to be moved to higher altitudes. We are accordingly 

endeavouring to organize a medical expedition to the Himalayas in 1989. 

  



RESULTS OF CONTINUOUS SURVEILLANCE OF HEALTH, TRAINING CONDITION, SPORT-MOTOR 
CHARACTERISCS, AND ACCLIMATIZATION TO ALTITUDE IN MOUNTAIN GUIDES OF THE 
AUSTRIAN ARMY 

E. Jenny; Alpine Medical Station of the Austrian Alpine Club, Rudolfshütte, 2315 m, Hohe Tauern, 

Austria 

Abstract 

In order to supply a continual training programme for mountain guides of the Austrian Army 

and to evaluate their health, training standard, cardiovascular efficiency, acclimatization to 

altitude, and sport-motor characteristics, we investigated 141 mountain guides of the Army at an 

altitude of 2315 m. 

Pathological results mainly hypertension, were obtained in 24% of the cases. From our 

investigations we concluded that the cardiovascular efficiency of the Army members was 125% in 

comparison to 115% in other mountain climbers. The maximal absolute watt efficiency/kg body 

weight was over 4 watt in 13%, between 3.6 and 4 watt in 30%, between 3 and 3.5 watt in 40%, and 

below 3 watt in 17% of the men. 

According to sport-medical standards, a 4-watt efficiency should be obtained in mountain 

climbers, which seems a rather high. In order to approach this requirement, a more intensive 

training programme ought to be implemented. 

Introduction 

In order to regularly check on the state of health and altitude-dependent physical 

performance of army personnel on continuous duty as mountaineering instructors, alpine-medical 

examinations have been carried out since 1983 during the early advance training courses for the 

alpine instructor cadre at the training centre of the Austrian Alpine Club at the Rudolfshütte, a place 

at an altitude of 7,596 feet (2,315 m) in the Hohen Tauern mountain range. The examinations are 

performed in states of both rest and stress under hypoxic conditions at average altitudes between 

5,248 and 9,304 feet (1,600–3,000 m). 

Objectives 

Our objectives were the following: 

 Determination of the general state of health 

 Assessment of the cardiovascular and respiratory system 

 Assessment of training condition and acclimatization to altitude. 

From an alpine and sport-medical viewpoint, these characteristics are of prime significance 

for the classification of mountaineering into the group of endurance sports for the assessment of 

the physical performance of army mountain guides. 

  



Table 1. Pathological cardiovascular and respiratory findings. 

 Military 
mountain guides 

Civilian 
climbers 

No. of persons 
examined 

n = 141 n = 39 

No. with pathological 
findings 

34 (24.1%) 16 
(38.5%) 

Pathological findings n = 34 n = 16 

        Hypertension 23 (67.6%) 10 
(62.5%) 

        Ventricular 
extrasystolia 

4 (11.6%) 3 (18.8%) 

        Pathological ST-
depression 

1 (2.9%) 1 (6.3%) 

         Right bundle-
branch block 

1 (2.9%) – 

         Obstructive 
ventilation 

5 (14.7%) 2 (18.6%) 

Average age 35 49 

Method 

 Bicycle ergometry: initially at 25 watts, with the load then increasing by 25 W every 2 
minutes until discontinuation due to objectively or subjectively limiting symptoms. 

 Training condition and acclimatization to altitude  were assessed primarily according to 
registered performance and the heart rate in a state of rest, exertion, and in the recovery 
phase. 

 Small spirometry with evaluation of pulmonary function, the parameters being vital 
capacity, one-second capacity, and peak flow. 

 Sport-motorial tests for determination of a characteristic profile. These assessed power, 
swiftness, endurance, suppleness and balance. 

Results 

Assessment of the cardiovascular and respiratory state of health of 141 test persons showed 

34 (24%) with pathological findings or findings requiring further clarification. An exact breakdown 

in comparison with the results of a group of older – on the average – civilian climbers tested under 

the same conditions is presented in Table 1. 

The registered physical performance as related to age and body surface area, in comparison 

with the expected norm, was an average of 124.7% for the Army guides as compared with only 

115.5% for the civilian group. 

The attained absolute watt-efficiency per kilogram of body weight was in the military group, 

over 4 W in 15 persons (13%), for 35 (30%), between 3.6. and 4 W in 35 (30%), between 3 and 3.5 

W in 47 (40%), and under 3 W in only 20 persons (17%) (Table 2). 

  



Table 2. Proportionate breakdown of watt-efficiency/kg BW (n = 117). 

< 3.0  W  20 (17%) 
   3.0 – 3.5 W  47 (40%) 
   3.5 – 4.0 W  35 (30%) 
> 4.0  W  15 (13%) 
 
Table 3. Age-related watt-efficiency/kg BW, watt-efficiency < 3.0/kg BW 

Age  n Average watt-  Sport-med.  Individual 
      Efficiency          norm.  watt-eff. < 3.0/kg BW 
20 – 29 37  3.6 W   3.0 W   1 (  2.7%) 
30 – 39 40  3.5 W   2.7 W   3 (  7.5%) 
40 – 49 29  3.2 W   2.4 W   9 (31.0%) 
50 –59  11  2.8 W   2.1 W   7 (53.5%) 
T o t al  117        20 (17.0%) 

A breakdown of the watt-efficiency per kg of body weight with regard to age groups as well 

as the percentage of the age groups whose performance was under 3 W are shown in Table 3. An 

assessment of the performance for the military instructors can be seen in Table 4a. The training 

condition was determined according to ergometric performance, pulse rate during exertion and 

recovery pulse rate (Table 4b). 

For the evaluation of those motorial characteristics recognized as being relevant for 

mountaineering performance, the following tests, selected by sport-scientists, were used: pull-ups, 

side-straddles, leg lifts forward, trunk-bending forwards, dips on parallel bars, standing on both legs 

on a rolling board, hanging from both arms, hanging from one arm only, and a one-bent-arm hang. 

Compared with the group of free cIimbers, the military group showed a significantly higher level of 

general motorial endurance. Acclimatization to average altitudes, estimated according to the pulse 

rate at rest and during the recovery phase (Table 5), was ascertained for all test persons. 

Table 4a. Assessment of performance for military alpine duty. 

Performance (W/kg body wt.)  Assessment 
< 3.0     insufficient 
3.0 – 3.5    sufficient 
3.6 – 4.0    very good 
> 4.0     excellent 

Table 4b. Training condition. 

Pulse during recovery   Training condition   n = 117 
< 100/min   excellent          35  (29.9%) 

      100 – 105/min   very good          28  (23.9%) 
      105 – 115/min   good           22  (27.4%) 
      115 – 120/min   satisfactory          10  (  8.5%) 
 > 121/min   unsatisfactory          12  (10.0%) 
  



Table 5. Assessment of acclimatization and training condition. 

Pulse rate   Acclimatization   Training condition 
 
At rest ↓    YES     GOOD 
During recovery ↓ 

At rest ↑    NO    ? (control ergometry 
During recovery ↑            at low altitude) 

At rest ↓    YES     BAD 
During recovery ↑ 

At rest ↑    YES    GOOD (rest tachycardia = 
During recovery ↓            hypersympaticotonia?) 

Discussion 

Alongside physical health, a good cardiovascular and training condition, and acclimatization 

to altitude, mountain climbing requires sport-motorial characteristics, for military mountain 

climbing especially motorial endurance and power. 

Surprisingly, 24% of the 141 test persons did not have the required state of health at the time 

of the examination. The majority of these cases were due to previously unknown hypertension. 

The performance levels related to age and body surface area attained by the military 

instructors was, on the average, 124.7% with regard to the expected norm and was clearly over the 

average value of 115.5% for the civilian climbers. As well, the average absolute watt-efficiency per 

kilogramme of body weight in the individual age groups of the military test persons was well above 

the sport-medical norm. 

The percentage of investigated persons whose performance was below 3 W/kg body weight 

– and hence under the minimum performance level required for military alpine service — jumped 

quickly from the age of 40 onwards. 

Physical performance and training condition improved clearly from year to year: the average 

relative performance level as related to age and body surface area of the latest course, 138% with 

respect to the expected norm, was far above the average value of 125% for the examinations in 

earlier years. In contrast to previous investigations, in which 17% of the test persons did not reach 

the required absolute minimum performance level of 3 W/kg body weight, the absolute results of 

the most recent courses were without exception above this value (Table 6). 

Table 6. Watt efficiency – advanced training course / Alpine instructors cadre, May 1987 

Age  n Average watt-efficiency individual watt-eff. < 3.0W/kg BW 
20 – 29 1  4.2 W     - - 
30 – 39 7  3.7 W     - - 
40 – 49 1  4.2 W     - - 
50 –59  2  3.5 W     - - 

As regards the characteristic profile, the sport-motorial requirements considered important 

for military mountain climbing were sufficiently attained by all test persons. 



Table 7 shows the performance and sport-motorial test results of the most recent course: The 

values appearing significant are, among others, those registered for the endurance-, balance- and 

power-tests in a comparison of a highly trained military instructor whose activities are exclusively 

in alpine degrees of difficulty under VI according to the UIAA scale with a free climber above degree 

of difficulty VI. 

A comparison of absolute watt-efficiency per kilogramme of body weight with relative 

percentage efficiency of the expected norm value with regard to age and body surface area (Table 

7) clearly shows the necessity of evaluation for qualified alpine service according to absolute 

performance measured in watts per kilogramme of body weight. 

Table 7. Test results of advanced training course – Alpine instructor cadre, May 1987, n = 12 

-------------------------------------------------------------------------------------------------------------------------------- 
1      2  3 4      5  6 7 8 9 10 11 12 
-------------------------------------------------------------------------------------------------------------------------------- 
28    169  80 4.2    134  91 -1 77 41.5 16 22   2 
30    181  84 3.1    118  76  7 96 11 15   4   1 
30    182  86 3.4    135  76  4.5 97 15 17   3   - 
31    169  60 3.3    112  70  0 94 17 15 35   3 
31    185  75 4.0    142  91 14 102 60 I n j u r e d 
37    178  75 3.7    136  inj   7 89 10 13   4  1 
35    172  72 4.6    159  102  13 95 38 16 11  1A 
38    168  63 3.9    137  79  16 108 60 18 47 10B 
39    180  68 3.7    130  60  4.5 97 20 15   1   3 
44    182  63 4.2    143  83   3 93 13 17 29   9 
52    172  74 3.4    150  74   2 78   5 13 12   1 
54    180  75 3.5    150  not in the instructor cadre 
 
A = highly trained Army guide B = Free climber 
1 – Age    7 – Trunk bends [cm] 
2 – Height [cm]   8 – Side-straddles [degrees] 
3 – Weight [kg]   9 – Standing on a balance-rail on one foot [seconds] 
4 – Ergometry {W/kg]   10 – Sit-ups[No/10 s] 
5 – Age- and body surface area 11 – Hanging from both arms (1 cm bars) 
 dependent cap. [% of norm] 12 – Pull-ups (1-cm bar) [number] 
6 – Step test [number] 
  



Conclusions 

The medical findings of our investigations allow the following conclusions: 

1. Mainly cardiovascular disorders appear to be objectifiable relatively early at higher 

altitudes. 

2. A regular medical check-up of the state of health and condition of primarily the older 

members of the alpine instructor cadre permits a well-timed discharge from service and 

can contribute significantly to preventing non-traumatic cases of death during training and 

rescue operations. 

3. Comparison of the sport-motorial characteristic profile with a norm profile allows 

recognition of the strengths and weaknesses of those sport-motorial characteristics 

decisive for mountain climbing and hence the development of a sensible training 

programme. 

4. In conclusion, we have the impression that officially ordered medical examinations very 

often provide motivation for the individual with regard to regular training and a healthier 

way of living – especially in the case of misuse of alcohol and nicotine. 

5. If in future we want to avail ourselves of the standard values for performance-oriented 

mountain climbers established by sport-physicians (Table 8), then on the one hand the 

regular training programme of our army mountaineering instructors will have to be 

improved; on the other hand this objective appears to be realistically achievable only with 

the age group of 20 to 39-year-olds. 

Table 8. Standard values for mountain climbers (Raas, Innsbruck 1982). 

Respiratory minute 
volume max [l] 

120 – 
130 

>140 

Vital capacity, BTPS [l] 4.5 – 5.0 > 5 

Max. breathing 
capacity, BTPS [l] 

100 – 120 > 120 

Max. respiratory rate 
[/min] 

35 – 40 > 40 

Max. oxygen uptake, 
STPD [ml/kg] 

kg · 0.6 ≥ kg · 0.7 

Max. oxygen pulse 
[ml] 

15 ≥ 16 

Max. pulse rate [/min] 155 ≥ 190 

Hemoglobin [g%] 14.5 – 15 ≥ 15.0 

Max. Watt kg · 4 ≥ kg · 4.5 

Ergometry (acc. to 
Kaltenbach) 

Performance 
curve within 

the norm 

Performance curve 
below the norm 

 
  



METABOLISM AND FLUID BALANCE IN0MOUNTAINEERING AND CLIMBING 
F. Berghold, N. Bachl, H. Siegmund, P. Schmid; Department of Sport Sciences, University of 
Salzburg, Department of Sport Sciences, University of Vienna, Austria 

Abstract 

Over a period of two weeks at five different times 29 parameters were tested in 53 participants of 

training-course on high-altitude climbing for Austrian national mountain guides. Halfway through 

this period a test climb on Austria's highest mountain (Grossglockner, 3798 m), undertaken by the 

most difficult routes and taking an average finishing time of about 13 hours, was investigated 

separately. All data were analysed by means of a special SPSS programme. 

The red blood count and the activity of the serum enzymes increased after an initial decrease 

in a statistically significant manner, whereas the unexpected change in the lymphocyte count was 

striking. Urea showed no essential changes, contrary to earlier findings. The behaviour of fatty acids 

and glyceride concentrations showed that the preparation of energy to protect the carbohydrate 

deposits occurred chiefly through fat oxidation, despite the intensive difficulties in climbing. 

Sodium, potassium, and phosphorus showed massive changes, whereas the magnesium and calcium 

levels remained relatively constant. The concentration of plasma cortisol and beta-endomorphines 

in the plasma showed a slightly significant increase. There was no significant rise in adrenaline, 

noradrenaline, or prolactin. A highly significant increase of arterial-blood lactate was observed. The 

significance of a consistent balance of liquid and minerals moves particularly to the fore. 

Even taking into consideration the sympatho-adrenergenic .stimulation before the 

commencement of pressure, it was demonstrated that with regard to the accustomed stress of 

experienced climbers the trends in stress-hormone behaviour during periods of strain could be 

confirmed. It seems that an aerobic lipolytic pressure level also prevails in extreme alpine demand. 

Introduction 

Athletic mountaineering at medium altitudes (1500 to 3000 m above sea level) usually takes 

the form of climbing in combined terrain, which varies between rocky passages of varying degrees 

of difficulty and steep faces of ice. This makes very high demands on the stamina and technique of 

the climbers. In opposition to the uniform way of moving to be found in longer periods of hiking, 

this is a form of exertion which occurs at intervals with intense aerobic and also anaerobic capacity 

demands. 

One is therefore presented with an endurance performance of many hours and under medium 

to high demands. Furthermore, the influence of the reduced oxygen pressure at high altitudes 

comes into operation. Because of these extraordinarily manifold, extreme factors of influence on 

performance, the metabolic profile of this type of alpine sport is particularly interesting: How will 

these intensive demands be answered? 

  



Material and methods 

Fifty-three participants of a training course for Austrian mountain guides held in the 

Grossglockner range were tested for the red and white blood counts, serum enzymes, free fatty 

acids, glyceride concentrations and electrolytes. The tests were carried out at five different times 

over a period of two weeks. Halfway through this period, a 13 hour test-climb took place on Austria's 

highest top (3798 m), in which parameters of the carbohydrate and fat metabolism and the blood 

concentrations of lactate, epinephrine, norepinephrine, cortisol and beta-endorphine were 

separately investigated. The data thus obtained was statistically evaluated by means of a GPSS 

programme. 

 ERYTHROCYTES  HEMATOCRIT (%)   LEUKOCYTES 
      (mio/ml)           (1000/ml) 
 Mean       SE         mean SE         mean SE 
1 5.070      0.342 1 47.651  2.562  1 
2 4.626      0.282 2 47.163  2.235  2  7232.558 1178.250 
3 5.003      0.293 3 47.903  2.150  3  9.503.226 2780.466 
4 5.113      0.275 4 48.533  1.889  4 10680.000 2519.223 
5 5.190      0.299 5 49.143  2.159  5   7411.905 1373.477 

Results and discussion 

The red blood count, after an initial decrease from 5.07±0.34 to 4.63±0.28 mio/ml (p<0.001), 

increased significantly after two weeks to 5.19±0.3 (p<0.005). The haematocrit values developed 

similarly although not to an equally same significantly high level. Whereas these results 

corresponded to the expectations, the same could not be said for the white blood count: The value 

rose very significantly during the periods of exertion (p<0.001) and sank almost to the original level 

at the end of the test-period. Since repeated endurance activity does not in itself cause an increase 

in erythropoiesis, these changes in the red blood count must have been due to hypoxia (1). 

Enzymes (GOT, GPT, LDH, CK) increased significantly during the phase of exertion, the 

creatine-phosphokinase from 84±30.6 to as much as 133.5±74.0 μl (p<0.001), but had decreased 

somewhat by final analysis, although still distinctly higher than the original values (p<0.001). 

Schmid et al. had found amongst 100-km runners a similar, but not so distinct pattern in the 

enzyme increase immediately after long periods of exertion (4). This could indicate that an 

additional increase in enzyme activity is caused by the influence of hypoxia. This seems, however, 

to be related to the duration of exertion, since Lukasek et al established a completely different 

pattern of enzyme changes during several 15-minute periods of exertion in the negative pressure 

chamber (at a simulated altitude of 3000 m; 3). 

The very slight, statistically not significant increase in creatinine during the activity phase 

(p<0.559) corresponds to the existing findings for endurance performances (2). We found however, 

contrary to our expectations, no noticeable change in the urea levels. 

The behaviour of free fatty acids (drop from 0.53±0.2 to 1.13±0.5 mmol/l) and glyceride 

concentrations (from 0.09±0.05 to 0.20±0.09 mmol/l; p<0.001) before and after the test-tour 

indicates that a surprisingly large percentage of energy preparation occurs by way of fat oxidation. 



This happened although the enormous difficulty of the climbing route called for a continuously 

intensive performance level. 

The behaviour of the electrolytes was of the utmost interest. Very distinct changes were noted 

during the two-week period with regard to the serum-electrolytes, despite a consistent and ample 

oral supply of electrolyte drinks, with the potassium level falling from, 4.15±0.6 to 4.03±0.4 

(p<0.001). Similar tendencies could be found for sodium and phosphorus, whilst the magnesium 

and calcium leveIs remained relatively constant. 

Six subjects were chosen at random and their levels of cortisol, prolactin, plasma 

catecholamines, renin and beta-endorphine were determined both before and immediately after 

the 13-hour test-tour. Taking into consideration that because of the limited number of test-persons 

these results may be only very cautiously interpreted, the cortisol and beta-endorphine 

concentrations showed a very mildly significant rise. No significant increase, however, was noted in 

epinephrine, norepinephrine, and prolactin. 

The arterial lactate concentration of all participants was measured immediately at the end of 

the climb, giving a mean value 7.2±3.2 mmol/l. This seems to be contrary to the other data but must 

be interpreted in regard to the circumstances that the final 500 metres to the test-station at the top 

had to be climbed as fast as possible because of a very intensive thunderstorm. 

Conclusion 

This study demonstrates that an aerobic-lipolytic metabolism dominates even during periods 

of extreme alpinist exertion in experienced and well-trained climbers. This permits the carbohydrate 

reserves, combined with a well-developed all-round endurance capacity, to be surprisingly well 

employed. (Nearly no additional carbohydrate were taken by the climbers during the 13 hours of 

the test tour.) 

On the other hand, the significance of a consistent, balanced intake of liquid and mineral-salts 

takes on great importance. But in practice this demand is combined with a large problem: despite a 

forced intake of electrolyte-solutions, the usual rest-periods between daily climbs are not sufficient 

to allow complete replenishment. 

Furthermore, there are several indications that hypoxia, even at medium altitudes, has 

additional but not great influence on the metabolism. 

Taking also in account the behaviour of the stress hormones, in the case of the intensive, 

comprehensive and continuous exertion criteria to be found in extreme alpine climbing, one can 

conclude that those mechanisms responsible for regulating hormones and metabolism during 

general long-term endurance activities are very much in the foreground; provided, however, that 

the climber has undergone well-planned, optimum training. Without excellent long-term endurance 

training such climbs cannot be adequately managed by the metabolism – a fact which leads also to 

a higher risk of accident. 

  



 

GLUTAMATE-OXALACETIC GLUTAMATE-PYRUVIC  LACTATE DEHYDROGENASE 
–ACID  [U/l]   –ACID [U/l]       [U/l] 

 Mean       SE    mean  SE     mean  SE 
1   9.721      2.142 1 10.721  3.514  1 161.767 30.551 
2 12.279      4.925 2 12.651  4.203  2 191.814 55.963 
3 13.903      4.536 3 13.452  4.453  3 235.484 25.029 
4 14.857      4.305 4 15.833  4.411  4 237.457 43.456 
5 13.000      3.513 5 15.295  4.528  5 179.238 23.987 
 
CREATINE-PHOSPHOKINASE      UREA    CREATININE 

[U/l]   [mg/100 ml]    [mg/100 ml] 
 Mean       SE    mean  SE     mean  SE 
1   84.372       30.551 1 36.977  5.475  1 1.142  0.122 
2 164.628     122.689 2 32.698  4.411  2 1.095  0.097 
3 232.268     119.129 3 32.226  5.233  3 1.119  0.105 
4 194.400       83.470 4 33.767  6.044  4 1.133  0.108 
5 133.452       743.032 5 30.048  5.759  5 1.033  0.107 
 
 PROLACTINE        CORTISOL    NOREPINEPHRINE 

      [ng/ml]      [μg/100 ml]                 [μg/ml] 
 Mean       SE    mean  SE     mean  SE 
2   5.550       1.520 2   9.383  6.352  2 666.657 228.269 
4   8.900       4.303 4 18.120  4.567  4 962.500 358.550 
 
 EPINEPHRINE          BETA-ENDORPHINE                RENIN 

      [pg/ml]      [pg/100 ml]                 [pg/ml] 
 Mean       SE    mean  SE     mean  SE 
2   96.667     29.078 2  84.567   7.763  2   0.020  0.070 
4 155.250     59.587 4  95.400 12.300  4   0.924  1.498 
 
 POTASSIUM          FREE FATTY ACIDS      GLYCERIDES 

      [mmol/l]      [mmol/l]           [mmol/l] 
 Mean       SE    mean  SE     mean  SE 
1 4.505       0.610 2  0.532  0.201  2 0.089  0.045 
2 4.337       0.365 3  1.125  0.460  3 0.202  0.087 
3 4.574       0.562 4  0.928  0.312  4 0.196  0.083 
4 4.230       0.505 
5 4.035       0.434 
 
LACTATE  [mg/100 ml]  mean:  7.202  SE: 3.206 
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ATRIAL NATRIURETIC PEPTIDE AND ACUTE MOUNTAIN SICKNESS 
J. S. Milledge, J. M. Beeley, G. McArthur, A. Morice; Northwick Park Hospital and Clinical Research 

Centre, Watford Road, Harrow Middlesex HA1 3UJ, Great Britain 

Subjects suffering from acute mountain sickness (AMS) have an antidiuresis compared with 

healthy subjects. An expedition to Mt Kenya involving 22 subjects ascending rapidly to 4300 m 

afforded an opportunity to study urinary output, plasma aldosterone (PA) and atrial natriuretic 

peptide (ANP) levels in relation to severity of AMS. 

Subjects travelled to 3100 m by road and the following day walked to 4300 m. Measurements 

of 24-h urine volume and sodium excretion, Hb and PCV were made over two days at 1500 m before 

ascent and for two days after arrival at 4300 m. In 15 subjects blood samples were taken for PA and 

ANP at 4.00 and 9.00 am on the same 4 days. 

On ascent (with exercise) there was a marked decrease in 24-h urine volume and sodium 

excretion but no significant change in Hb or PCV. PA was elevated on the first day and ANP on both 

altitude days. 

AMS symptom scores showed an inverse correlation with 24-h urinary sodium. PA tended to 

be lowest in subjects with low symptom scores and higher sodium excretion. No correlation was 

found between AMS and Hb, PCV, urine volume or weight change. ANP at low altitude showed a 

significant inverse correlation with AMS symptom scores on ascent. The same association was seen 

at altitude. 

These results suggest that the subject resistant to acute mountain sickness will be found in, 

on ascent to altitude, to have a sodium led diuresis, lower plasma aldosterone and higher ANP levels, 

he or she may also be characterized by higher ANP levels at sea level. 

  



THE ROLE OF THE THROMBIN-PLASMIN SYSTEM IN BODY ADAPTATION 
V. A. Monastyrski, A. Z. Romaniv, I. I. Birka, M. I. Voronyak, N. V. Birka° Z. Korytko, R. V. Monastyrski; 
Lvov Haematology and Blood Transfusion Research Institute, USSR 

Abstract 

It has been determined experimentally that the thrombin system and the plasmin one 

function as a single thrombin-plasmin system (TPS). TPS has been proved to be present not only in 

the blood, lymph, and interstitial connective tissue, but in every body cell too, playing an important 

role in regulation of the vital activity level of the cells of parenchymal organs. TPS has a modelling 

effect on the structural and functional state of cells and their adaptation to changing environmental 

conditions by regulating the polymerization of their actin microfilaments and changing the 

conformational state of different cellular proteins. 

In generalized decompensated thrombinogenesis, hyperpolymerization of actin filaments and 

considerable denaturation of other proteins may develop, this manifesting itself in structural and 

functional disturbances of the cells and organs in general (coagulation theory of pathogenesis). 

Prophylactic use of heparin prevents these changes. The use of plasmin during the first hours after 

the signs of such disturbances appear, provides complete, rapid and stable recovery of the 

structures and functions of the cells and organs. 

It has been revealed by electron microscopy that plasmin causes depolymerization of actin 

filaments and denaturation of other proteins: it promotes cell clearance of irreversibly damaged 

structures and stimulates intracellular regeneration processes simultaneously. Thus, TPS is of great 

importance in cellular adaptation mechanisms both under normal and pathological conditions. 

In experiments on animals it was shown that generalized intensification of thrombinogenesis 

lowers the functional activity level of cells and organs, while the generalized intensification of 

plasminogenesis results in the functional activity level being raised(V. A. Monastyrski, 1972). 

Decompensated intensification of thrombinogenesis leads to the impairment of the structure 

and functions of parenchymatous organs, sometimes with development of their acute insufficiency. 

By means of electronic microscopy and ultrastructural cytochemistry, it was found that in such cases 

transformation of cytosol into cytogel is observed in some cells of myocardium, kidneys, liver, and 

other organs, which is manifested in an increase of their electronic density (the so-called "dark" 

cells). Simultaneously there occurs mass loosening of different cell organelles, there is gradual 

decrease of the number of free polyribosomes and attenuation of the granular endoplasmic 

reticulum down gradually up to their complete disappearance, and the activity of intracellular 

enzymes becomes reduced sharply. Data from the literature convince us that two kinds of changes 

– polymerization of actin and denaturation of other intracellular proteins lie in the basis of all the 

aforesaid changes. Circulatory hypoxia caused by the vessel spasm or by the disseminated 

microthrombosis cannot be the reason for this cell damages, because it has been shown that it 

occurs already 2 – 3 minutes after the beginning of development of the generalized decompensated 

thrombinogesis whereas after the ligation of the corresponding artery an analogous cell impairment 

develops 5 – 6 times later (V. A. Monastyrski 1972, I. I. Birka 1987). 

On the other hand it was found that plasmin administered during the first 24 hours after the 

beginning of the development of the above-mentioned disorders causes a rapid, complete, and 

stable regeneration of the structure and functions of the impaired organs. It was shown by means 



of electronic microscopy and ultrastructural cytochemistry that under the influence of plasmin cells 

which had preserved their vitality normalized, the aggregated condition of their cytoplasm, got rid 

of their irreversibly impaired organelles, had  the contour of their preserved membranes 

regenerated, their nuclei were enriched with chromatin, the number of their free polyribosomes 

increased sharply, and formation of the granular endoplasmic reticulum and  assemblage of their 

other organelles began. All this resulted in complete regeneration of the ultrastructure of such cells 

in 24–45 hours. There are grounds to suppose that under such conditions regeneration of the cell 

structure takes place owing to depolymerization of actin, renaturation of reversibly denaturated 

proteins, a hydrolysis of the irreversibly denaturated proteins, and acute stimulation of the process 

of intracellular reparative regeneration (V. A. Monastyrski 1972, N. V. Birka 1984, M. I. Voronyak 

1988). 

In investigating the mechanisms of these phenomena we have come to the following 

conclusions: 

1. The thrombin system and the plasmin system function practically as subsystems of more 

complex thrombin-plasmin system (TPS); 

2. TPS is present and functions not only in blood but also in stroma and what is particularly 

important, in every cell of the organism; 

3. 3. TPS, alongside with asymmetric transformations of fibrinogen, is capable of realizing two 

symmetric processes: first, transformation of cell actin according to the scheme: polymerization, 

i. e. the formation of F-actin (with prevalence of thrombinogenesis), <===> depolymerization or- 

the formation of G-actin (with prevalence of plasminogenesis); and second, conformable 

changes in other proteins according to the principle: denaturation (with prevalence of 

thrombinogenesis) <===> renaturation (with prevalence of plasminogenesis). 

It follows from this fundamentally new proposition that TPS, in addition to securing local 

haemostasis and subsequent recanalization of vessels, plays one more, probably a more important, 

role in the organism, that of a peculiar modulator of the structural-functional condition of cells, 

organs and the organism in general'viz.: the prevalence of thrombinogenesis is accompanied by a 

decrease in the level of functional activity of cells a predominance of plasminogenesis, on the 

contrary, leads to its increases. 

This ability of TPS plays an important role in the mechanism of body adaptation in physical 

exertion and under various extreme conditions. 

Data from the literature also testify to the fact that physical exertions may cause certain 

changes of TPS, viz. enhancement of either thrombinogenesis or plasminogenesis. At the beginning, 

when the functional activity level is rather high, there is a marked prevalence of plasminogenesis, 

while the appearance of fatigue is accompanied by a tangible prevalence of thrombinogenesis. 

By way of drawing a conclusion, I should like to stress that further substantial study of this 

problem will markedly expand our knowledge on the role of TPS in the adaptation mechanism and 

will provide an opportunity to work out effective means of active regulation of these processes, the 

use of drugs included. 

  



VARIATION OF PLASMA BIOCHEMICAL PARAMETERS IN ALPINE SKIERS 

R. M. Candeago, M. Nardin, A. Sommavila' C. Angelini; University Hospital of Padova and General 

Hospital of Bolzano, Italy 

Abstract 

To evaluate plasma biochemical parameter in alpine skiers, we studied 11 subjects (9 males 

and 2 females) attending a course of training for alpine skiing. We examined the 11 alpine skiers 

before and after a 650 meter climb (Colle Margherita mt. 2000). A second climb was undertaken 

after three months of training. The first climb was at a much cooler environmental temperature 

than the second one. In the second climb glycaemia was increased and FFA, though elevated, was 

lower than in the first climb; lactic acidosis was significantly higher (p<0.001), carnitine fractions 

showed an increase of short chains and long chains of acyl fractions after both climbs with respect 

to the basal values. These data suggest that during alpine skiing intense lipolysis occurs and the 

effort may be done both in aerobic and anaerobic conditions.  

  



FEATURES OF PSYCHIC CHANGES IN TRAINED MOUNTAINEERS AT HIGH ALTITUDE: 
CORRECTION AND PROPHYLAXIS BY DRUGS 

T. A. Volkova; Dnepropetrovsk Medical Institute, Novomoskovsk, USSR. 

During recent years high-altitude ascents have been rapidly increasing in number. The value 

of stepwise acclimatization is being overlooked, ascents to the 7000 m high mountains in the so-

called alpine style are rather frequent. 

The effects of the components of the alpine climate (temperature of air, oxygen deficiency, 

solar radiation and etc.) increase as a result of emaciation of the compensatory and adaptive 

systems of the body for these conditions. I consider that the investigations worked off by V. B. 

Zakusina, E. A. Alexinants and N. N. Zelenina (1986) make very interesting reading. According to 

these authors adaptation to cold becomes ineffective against a background of preformed 

adaptation to oxygen deficiency the balance of the human organism is then reduced sharply against 

the complex impact of cold and oxygen deficiency. 

According to the pertinent literature and my own observations, the nervous system is the 

most susceptible to the “alpine factors”, and above of all, its higher components are. It is known 

that the cerebrum is supplied with oxygen, energy and plastic stuft in the first place, but 

nevertheless dynamic defects of the central nervous system appear comparatively early. 

Some investigators (L. A. Orbely, 1940; A. D. Slonim, 1943; M. M. Mirrakhimov, 1963 and 

others) point out that the low atmospheric pressure has irritating effect at first and then the 

oppressive one. The character of changes of cortical functions depends on the mountain height 

according to of N. N. Sirotinin (1954, 1965); E. N. Kutchak (1963). 

According to my observation in the Caucasus at a height of 2000–2500 m the internal 

inhibition of reflexes and fine differentiation changes in non-trained persons. As the ascent 

proceeds, the latent period of speech responses increases, the speed of thought is reduced, speech 

responses become more primitive. 

At a height of 4000 m the processes of internal inhibition are upset. The quantity of 

conditioned reflexes becomes changeable. Passivity of the excitation process develops and there is 

weakness of inhibition. A wide cortical inhibition towards the hypnotic phase appears at relatively 

considerable heights (5000 m and above). 

In a group of trained sportsmen experienced in high ascents, track effects are expressed 

strikingly as a result of the influence of high-altitude adaptation during the ascents of previous 

sporting seasons. A reduction of memory processes and of fine differentiation are observable in this 

group (as opposed to the first one) at a height of over 4000 m during the first 2–3days. At this height 

individual differences in the adaptation to cold and oxygen deficiency have been observed in 

accordance with the criterion of emotional-behaviour reactions of the body. This connection the 

functional organization of the central nervous system and the type of higher nervous activity are 

very important (V. B. Zakusina, 1986). 

 



Comparison of the results of primary medical control of the trained sportsmen at a height 

4000–5000 m showed that the best results were typical for persons with a strong type of higher 

nervous activity (according to I. P. Pavlov). Sportsmen with a tendency towards emotional lability 

characterized by a higher level of excitability proved to be more liable to the influence of the high-

altitude climate. In this group, at the height of 4000–4500 m, the features of the syndrome of 

psychoemotional stress are observed, such as a dim anxiety, hypochondria, bad sleep, and 

irritability. Personal qualities stood out in all the groups of sportsmen. 

The changes at a height of over 6500 m were the most variable, up to pathologic ones. The 

groups with changes in sportsmen´s psychic aspects differed in respect of sex, age, type of higher 

nervous activity, level of training. Highly emotional disorders inadequate to the outer irritants 

ranged from hardly noticeable to unusual emotional lability, low spirits, submaniacal conditions, 

and even features of severe psychosis with wild ideas, psychomotor excitation prevailed among 

women (the season of 1988, the Central Pamir). 

Changes in the psychic respect were observed as the asthenic-neurotic syndromes in persons 

with a tendency to accentuation of alarmed-hypochondriac type among trained mature men. 

Visibility-emotional experience on the neurotic level with the preservation of criticism of the 

condition visual – more often hypnogogic, auditory – as ordinary sounds, calls to name are 

comparatively often. 

Some representatives of the group of trained elderly sportsmen were of considerable interest. 

Observed were effects of intellectual reduction, apathy, appreciable reduction of criticism, with all 

these phenomena accumulating with climbing height over 6500 metres. The opposite development 

of these effects with the loss of height against a background of medicinal correction is expressed to 

a considerably lesser degree than in the previously mentioned cases. 

The medicinal correction included preparations influencing the syndrome. They were 

tranquilizers, neuroleptics, taking effect furthermore its principle qualities as antioxidants. The 

correction with tranquilizers and neuroleptics was carried out against a background of preparations 

given to improve the metabolism of the brain, providing a higher supply with oxygen, plastic energy 

stuft without use of oxygen with a body. 

The importance arrangements directed to the overcoming free-radical oxidation and 

improving the microcirculation and rheological characteristics of blood was confirmed. On the basis 

of the experience of gained in the ascents of 1988, a higher-risk group was picked out among high-

skilled sportsmen. It consisted persons of advanced age, women, and persons with some peculiar 

tendency an accentuated character who had suffered from cranial-cerebral trauma. 

A plan of preventive measures had been worked out before the above group went to the 

mountains. The preventive measures improved sufficiently the adaptation of the high-risk group to 

high-altitude climate. They had practically no changes in their psychology, the height they had 

climbed increased considerably, right up to climbing 7000 m high mountains. 

 



THE USE OF PLATELET ANTIAGGREGANTS IN HIGH-ALTITUDE PATHOLOGY: AN ORIGINAL 
EXPERIMENT IN ANNAPURNA I (8.081 M) 

G. Martinez Villen, R. Arregui, J. R. Morandeira; Service of Biomedicine and Biomaterials, University 

of Zaragoza, Spain 

Abstract 

Haemodynamic and haematological problems play an important role in high-altitude 

pathology. Together with polyglobulia, platelet aggregation is a factor to be taken into account, 

especially in complaints due to cold. While the use of platelet antiaggregants is accepted as an 

efficient therapy, it had not been used in a preventive way. 

During an expedition to Annapurna I, we carried out an experiment with preventive and later 

therapeutical aims, using DITAZOL as a platelet antiaggregant. The study was carried out in two 

groups which reached the summit with different pathological results in spite of the climatological 

conditions being similar' 

A total of 40 frozen fingers and toes in the climbers who did not accept the preventive 

treatment, later imposed the use of antiaggregants as an optimum measure in all members of the 

groups followed up. Haematological analysis carried out 10 days after reaching the summit showed 

platelet values nearly three times greater than those accepted as normal. 

Considering the disadvantages of other types of medicines, antiaggregants prove to be ideal 

in high-altitude pathology both as preventives and in the therapy of established lesions. 

Introduction 

Haematological alterations are very important in high-altitude pathology. Among them, the 

increase in the red blood count and modification of blood platelet behaviour are fundamental. 

Actually there is evidence that effect of hypoxia itself produces an increase in blood platelets. 

These have been found inside the normal values in our study on the stay of an alpinist during 66 

days on the top of Aconcagua (7000 m). However, the absent acclimatization to high altitude, the in 

temperature fall, and vascular endothelium injury increase platelet aggregability and this together 

with the polyglobulia and the increase in a haematocrit value favours thrombus and microthrombus 

formation in the RETINA, PERIPHERAK CIRCULATION (frostbite), LUNG, and CEREBRUM (oedemas at 

high altitude). 

Finally, other factors such as parietal, bioelectric, and plasmatic changes caused by 

haemodynamic variations, effort, and high-altitude hypoxia tell evidently on blood platelet 

behaviour and hyperaggregability. 

Justification of the experiment. 

Analysis of the above-mentioned facts seems to justify experimental inhibition of platelet 

aggregability as a consequence of the conditions imposed by high Altitude. This inhibition can be 

either preventive: in order to reduce the risk of high-altitude thrombotic pathology, or therapeutic: 

we can consider the possibility that an established clinical description could be complicated with an 

occlusive vascular phenomenon. 



In spite of this, there is not much experience with pharmacological alternatives or something 

of the kind, with „cold injuries“ always requiring treatment. In this case we could be sure that 

anticoagulants would do good service considering the physiopathology of the lesion-forming 

process, but does not their use involve important risks outside the hospital? 

That is why we consider it necessary to do beyond the obligatory therapy and apply 

preventives in relation to all diseases described, and we introduced platelet antiaggregants in our 

expedition to Annapurna I, 8091 m high, in the Himalayas in Nepal. 

The antiaggregants have to fulfil all the following requirements: not interfere with a 

haemostasis, which is necessary in case of loss of blood, not modify the prothrombin time, not 

damage the platelets, be tolerated well, be easily administered and cleared. 

Our choice was DITAZOL (Ageroplas 400), which had been used successfully by our group in 

the treatment of cold injuries at the University Clinic Hospital of Zaragoza. 

Characteristics of the experiment: material and method. 

From a total 18 persons who were on the base field we only considered 13, who were to work 

between 4500 and 8091 m. Nine of them were members of the expedition and four were Sherpas; 

12 were men and one was woman. The age range was 22 to and 32 years. 

The experiment was described to all of the expedition people before leaving Spain, and to 

Sherpas in their Country. After this, nine accepted the preventive administration of the medicine 

(GROUP WITH DITAZOL), and four did not accept (GROUP WITHOUT DITAZOL). 

Before to setting out for Nepal, a medical examination and general analysis of the whole group 

in Spain did not give any irregular test. 

The drug was administered, at first purely preventively at a dosage of 400 mg every 24 hours 

(1 capsule every day). The treatment began when the expedition arrived at the base field (4500 m) 

and continued until the return journey after the top had been reached. The whole period of 

administration lasted 37 days. 

Results. 

GROUP WITH DITAZOL. 

Two people stopped receiving the medicine and being physically active because of an icteric 

hepatitis 15 days after arrival at the base camp. 

One had the dose increased to 800 mg/24h because of sudden neurological problem at 6000 

m: he developed TRANSITORY AFASIA without accompanying symptoms of acute cerebral oedema, 

during his third ascent to that height. 

Four people climbed to 7400 m without important problems. 

Two reached the top without problems 

No one showed secondary effects or evident intolerance. 

  



GROUP WITHOUT DITAZOL. 

One climbed without problems to 7400 m. 

Three reached the top suffering very bad III degree frostbite in 24 toes and, less serious (II 

degree, superficial or deep), in 20 fingers. After this DITAZOL was administered to the group 

therapeutically. 

We emphasize that their platelet counts after being admitted to the hospital in Zaragoza, 11 

days after the climb to the mountain top, were 617.000 and 585.000 (normal values are between 

150.000 and 440.000). 

Discussion. 

Comparatively speaking about the results, it is not easy to precisely differentiate the stages of 

the development obtained with preventive treatment. 

It could be possible to think about the different environmental and personal conditions in each 

of the group at the moment of onset of the pathology mentioned, but these were not determined. 

We did not make “in situ” measurements to be able to evaluate the results with some 

scientific precision. In spite of this, against the occlusive vascular background implied and being 

usual in high-altitude pathology, with direct participation of platelets, and basing our theory on 

experimental work on laboratory animals, we evaluate very positively as a success the use of platelet 

antiaggregant versus the cases described. The antiaggregant was applied preventively and certainly 

antiaggregants are indicated for therapy of the type of injuries mentioned above without any risk 

of anticoagulants being used out of hospital. 
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THE EFFICACY OF TWO ORIGINAL ANTIHYPERTENSIVE AGENTS IN EXPERIMENTAL 
PULMONARY HYPERTENSION 
M. Šmíd, I. Helfert; Research Institute for Pharmacy and Biochemistry, Prague 

Abstract 

The efficacy of two new antihypertensive agents, metazosin (alpha-blocker) and mepamil 

(calcium-channel blocker), was tested in two models of experimental pulmonary hypertension in 

dogs and rabbits. In dogs, the pulmonary hypertension was caused by endotoxin administration and 

the pressure in the pulmonary artery was recorded. In artificially ventilated rabbits, the right 

ventricular pressure was recorded and pulmonary hypertension was developed by changing the 

composition of the breathing mixture. 

The preliminary results confirmed the efficacy of both substances in these models of 

pulmonary hypertension. 

Introduction 

The hypoxia in high altitudes leads to the development of pulmonary hypertension. This 

adaptive reaction can give rise to pulmonary oedema, one of the signs of acute mountain sickness 

(7). The usual therapy of moderate and severe forms of pulmonary oedema is oxygen supplied 

together with the administration of diuretics, corticosteroids and sometimes nitrates (2). According 

to recent experimental findings, the increase in pulmonary vascular resistance can be mediated by 

activation of alpha-adrenoceptors (1,3,4). The alpha-blockade should therefore tend to reduce the 

pulmonary hypertension. Some calcium channel blocking drugs are reported to have a similar effect 

(6,8). 

We therefore decided to test the efficacy of alpha-blocker metazosin and calcium channel 

blocker mepamil in two models of experimental pulmonary hypertension. We intended to find out 

whether there was the prevalence of alpha-blockade or calcium-channel blockade in the effect of 

decreasing pulmonary arterial resistance. 

Metazosin and mepamil are both original substances developed in the Research Institute for 

Pharmacy and Biochemistry in Prague. Metazosin is a selective alpha1-adrenergic blocker with 

proved antihypertensive activity and the unique possibility of being given intravenously. Mepamil is 

a phenylalkylamine calcium-channel blocker that displayed minimal reduction of cardiac inotropy in 

many experiments. 

Methods 

Mongrel dogs of both sexes were used in the experiments (13–23 kg). After the induction of 

pentobarbital anaesthesia Swan-Ganz floating catheter was placed into the pulmonary artery and 

the pressure changes were recorded. An increase of the arterial pulmonary pressure was brought 

about by i.v. infusion of 1 mg/kg Escherichia coli endotoxin. Pulmonary hypertension is a regular 

phase of an endotoxin shock. Metazosin or mepamil were administered at a dose 1 mg/kg i.v. at the 

end of endotoxin infusion and the effect was observed for 180 minutes 

In anesthetized chinchilla rabbits (3.7–4.5 kg), the right-ventricle pressure was recorded. The 

catheter was placed into the right ventricle through the right jugular vein and its position was 



verified according to the typical shape of the pressure curve. The spontaneously breathing animals 

were exposed by means of a simple mask to 100 percent atmosphere of carbon dioxide under 

normal atmospheric pressure for 45 seconds. The consequent short-term increase in the mean 

right-ventricle pressure was recorded. After repeated control measurements the animals were 

given metazosin 1 ml/kg and 10 mg/kg or mepamil 0.5 mg/kg and 5 mg/kg. These doses were 

established on the basis of former hemodynamic experiments. Three minutes after administration 

of the test drugs the pressure response to carbon dioxide was again recorded. 

Results 

In control dogs the administration of endotoxin resulted in a rapid increase of systolic 

pulmonary artery pressure. The magnitude of this increase reached a maximum 180% of initial 

pressure values. This effect was short lasting and ceased in 15 minutes. Both metazosin and mepamil 

in a dose of 1 mg/kg abolished the increase of blood pressure in pulmonary artery (Fig. 1). Except of 

for a brief transient initial increase, metazosin converted the response to endotoxin into negative 

values. The suppression of endotoxin effect was statistically significant up to 30 minutes after 

administration. Mepamil also dramatically reduced the response to endotoxin. Its effect was of 

statistical significance during the first 4 minutes after endotoxin. From the 30th to the 180th minute 

pulmonary pressure decreased below the starting values in the control group and after both drugs. 

This decrement was more pronounced after mepamil and there was significant difference from the 

control group at intervals of 120 and 180 minutes. 

In rabbits, the inhalation of carbon dioxide gave transient increase of the mean right ventricle 

pressure reaching approximately 6–7 mmHg. The increment of right ventricle pressure was 

suppressed by metazosin and mepamil in the dose-dependent manner. Statistical significance was 

found after metazosin administered in a dose 10 mg/kg only (Fig. 2). 
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mmHg 

 

Discussion and Conclusions 

Acute transient pulmonary hypertension had developed by different mechanisms in both 

models. The mechanism of pulmonary hypertension after endotoxin is not yet fully understood. A 

complex effect of mediators of inflammation and PAF has been assumed (5). In rabbits, pulmonary 

hypertension developed as a consequence of the additive effects of hypoxia, hypercapnia and 

acidosis. The use of metazosin and mepamil offered two different approaches of affecting 

pulmonary vasculature. In the case of metazosin, an alpha-1 - blockade of the sympathetic input 

was involved. The mechanism of action of mepamil is more subtle on the cellular level of the 

vascular smooth muscle, inhibiting the calcium inward current. Though metazosin and mepamil 

seem to have a protective effect in both models of pulmonary hypertension, metazosin exerted a 

bit stronger effect than did mepamil. This could suggest more complex changes evolved by 

adrenergic activation in the development of pulmonary hypertension. The more pronounced effect 

of metazosin and mepamil in the model of endotoxin pulmonary hypertension suggest a greater 

sensitivity of this model to experimental therapy. 
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MENTAL AND GYNAECOLOGICAL PROBLEMS IN MOUNTAINEERING WOMEN 
J. Semotán, Z. Klapálková, J. Karpinská, M. Semotánová; Institute of Railway Medicine, Plzeň, ČSSR 

Independent Scientist, Praha 8 - Bohnice 138, 181 00 ČSSR 

With all due consideration being paid to individual (psycho-somato-sociological) differences 

between mountaineers and the differences in their environments and personal experiences both in 

the mountains and throughout their lives, some typical traits may be identified in climbing effects 

on female organism as resulting from the extreme strain, stress, and exertion. Nevertheless, lasting 

or several menstruation disorders, e. g. were not observed by the authors, although some 

irregularities may appear both during the adaptation period in mountains, and during the time of 

extreme stress. 

With changes that are now taking place in female activity in general, mountaineering proves 

to be more frequent among women, although it has not yet become a mass sport with them. As 

both expected and verified, the general female personality traits are not substantially altered with 

climbing. 

Preliminary conditions of a successful climbing career: genetic disposition, frequent stays in 

mountain regions, during a major part of preceding life, physical and mental fitness, appropriate 

partner orientation, adequate employment, etc. Age and function stratification: a women should 

not start with this sport before adolescence. Any training has to be stopped during pregnancy. Many 

women use to abstain from climbing during the infancy of their children, and some do not return to 

it as long as the children are young, or stop mountaineering at all. In other cases, they take their 

children with them, and leave them in safety conditions at a base or with some relatives etc. 

Reasons for preferring climbing to other sports: at the beginning there may be social grounds 

– a fashionable sport, not too crowded with people, mountaineering friends etc. Among the 

advantages is the start of training during adolescence, the possibility of combining mountaineering 

with some other sport disciplines to achieve some sort of trained condition at any season, frequent 

stays in open nature, a feeling of satisfaction with one's own performance, of being equal to men, 

activation of physical and mental faculties, activity even at a comparatively advanced age. There are 

also drawbacks, of course: it is a rather time-consuming sport, both in training and actual 

performance dangers and risks arise and change with climbing site, and this not only in top 

performance, different interests of other family members, climbing interfering with activities at 

home etc. A solution can found in combining the interests of the partners, in the whole family 

turning to climbing, mutual understanding and cooperation etc. 

Among basic factors of disappointment in mountaineering women should be mentioned: 

emotional dissatisfaction due to adverse reactions of friends, family protests, ideas about romantic 

life in mountains proving to be falser disappointment with male climbers or being heroes with ideal 

manners of chivalry manners, with their heroism being only human in contrast to films and stories. 

On the other hand, interest in climbing may be shared with others, a lasting partnership or 

friendship among climber-group members may form, family life may be strengthened by a common 

interests. 



In training of the young climbers´ generation, a scientifically founded approach proves to be 

indicated, as in other sport disciplines. Besides careful training and complex mental, physical and 

social fitness, top climbing performances requires extended experience for the choice of the site, 

time, and other conditions, sound judgment and quick decision, a capacity to evaluate the actual 

conditions in a particular environment, and human cooperation. These prove to be the most 

important factors. 

Not having found among the climbers her dreamt-of partner, a woman is more prone to stop 

climbing definitely, more easily than a man. As in other sport disciplines, such purely feminine 

solutions become less frequent with increasing number of women climbers. 

In mass media presentation, mountaineering should be featured in cooperation with 

experienced climbers for avoiding disinformation. The beauty of nature, and the hard training 

should be stressed, and also the long way to top performance, the lapse of time between the first 

experiences and the satisfaction of a victory. Short-cuts between basic training, a base camp and 

famous climbing success are likely to serve as a source of disinformation, and of disappointment for 

beginners. 

False heroism and risking with inadequate training, climbing outfit and experiences should be 

criticized, not glorified. 

Of course, sport climbing provide satisfaction and pure joy to many people. Phantasies about 

mountain horrors may serve ae a pass-time for the television and cinemas public, and should be 

taken as such, while they are far from propagating climbing as a sport. In their majority, women 

prove to be emotionally more accessible to such disinformation. At the same time, with their sense 

of reality, they often correct the false information quickly. 

  



V. PREVENTION OF ACCIDENTS AND TRAINING IN TACKLING EMERGENCY SITUATIONS 

TRAINING FOR ROCK CLIMBING 
Dennis Gray; British Mountaineering Council, Great Britain 

Abstract. 

The sport of rock climbing is now being changed by its leading participants adopting strict 

training regimes. Many of these are based on "word of mouth" ideas, rather than a knowledge of 

physiology and state of the art information from other sports where there is a long history of training 

and much expertise and physical and mental conditioning. 

The author has been a member of a Committee for the last two years which has been 

investigating this whole topic. From these researches a book will be published by the BMC at the 

end of this year under the title "Rockfit". 

This work covers all aspects of this activity, including avoidance of injury, diet, and mental 

preparation techniques. This talk therefore will dwell on the most important findings by this 

Committee, and will include reference to a programme of testing which was undertaken by the BMC 

into the physical performance capabilities of existing top rock climbers, their strengths and 

weaknesses, and also why it was that many leading climbers were suffering soft tissue injuries. 

Rock climbing is currently undergoing a tremendous upsurge in standards of performance and 

interest. The introduction of organised competitions will speed up this process, and many of today's 

participants are embarking in training programmes. Some of these are proving harmful to the health 

of the climbers involved, resulting in over-use injuries, diet deficiencies and the potential for long-

term irreversible damage particularly to the finger and lower arm joints. 

Introduction 

Attitudes and approaches to rock climbing as a sport are changing. Climbers used to delight in 

being "unfit" people and never took training too seriously. When they were climbing they 

committed their full physical and mental powers to the task in hand but in between activity on the 

crags they undertook little or nothing in the way of physical conditioning. 

Nowadays with ever rising standards and the greater general emphasis on physical fitness, 

coupled to the development of climbing walls throughout the country, climbers are keeping 

themselves fit throughout the winter, spells of bad weather, or mid-week periods by various types 

of training regimes which may utilise weight training, aerobics, circuits and climbing walls. Much of 

what has been going in not well thought out to combat this and to avoid the risk of injury, the British 

Mountaineering Council has commissioned a book, “Rockfit”, which deals in depth with the whole 

topic of training for rock climbing. Each chapter in the book is written by an expert on their topic 

and for those wishing to embark on a structured training programme for rock climbing “Rockfit” is 

a must. 

The points made in this article are general and should not be slavishly followed. To train for 

rock climbing properly at high standards of performance requires a scientific approach which is 

outside the scope of this paper which is only intended as a brief introduction to the topic. If you 

wish to take the subject seriously then go into it in greater depth with the help of "Rockfit". 



Beginners especially should consider carefully just what physical and other training they need 

and which it is safe to undertake bearing in mind the danger of damaging muscles and other 

structures by too early and too heavy loading. 

(1) Diet 

Dieting does not just mean trying to lose weight. It means adjusting your food intake to your 

body's requirements. For high energy demand activities you need a high carbohydrate, low fat diet. 

You need some protein, some vitamins and certain vital trace minerals. There are many food fads 

about at the moment but if a system works for you well and good. It is a question of balance and 

you should take something like 60% of your diet in carbohydrates such as cereals, rice, potatoes, 

vegetables, and pasta. 25% should be fats such as dairy products, liver, and 15% should be protein 

such as meat, milk and poultry. If you eat fresh food, particularly fruit and green vegetables, they 

should contain all the trace minerals and vitamins you need. Alternatively you may need to take 

supplements such as iron tablets and/or ascorbic acid. 

If you wish to lose weight, then simply keep your food intake down and your activity levels up. 

If you are expending a lot of energy then you must keep up your carbohydrate intake or you will 

begin to feel jaded. In the long term you cannot keep using massive amounts of energy and not keep 

up your energy intake. Energy intake is measured in calories and how many of these you need per 

day depends on how much energy you are expending. 6,000 calories a day is a large intake but not 

unusual for an athlete. If you are burning that quantity of energy per day and only eating food to 

supply 3,000 calories, then in the long term you will get weaker and not stronger and any diet must 

take this into account. 

(Watch out for kilojoules, an energy unit becoming used more often. 1 calorie = 4.2 kilojoules) 

Finally many climbers do not drink enough. This does not mean alcoholic beverages, which 

contain many calories, but fruit juice, tea, water etc. Water is essential to the body´s functioning 

and we are all of us mainly composed of it. 

(2) Planning a training programme 

lt is in the approach to planning that one can see the gap which lies between climbers and 

other athletes. A top performer in another sport is always on a long-term training programme. This 

programme is adjusted to take account of progress, or injury, but in broad terms athletes like Steve 

Cram or Fatima Whitbread will know exactly that their training objectives are in March or April or 

November. The programme is usually built up, first from a weekly programme, then a monthly one 

and finally a yearly plan made up of something like a three or four year cycle because of the demands 

of events such as the Olympic Games or World Championships. 

One of the things which climber have not yet learned is the importance of rest. Many young 

activists who are compulsive about working out are spending hours each days on climbing walls or 

running or pushing and pulling weights. The body must have rest to recover and at least one or two 

days each week must be set aside for this. Regular hours and regular sleep patterns are needed with 

something like eight hours sleep each night. There is moreover something to be said for an "off 

season" each year, of less intensive training, with one or two days or more of "excess" if only for 

psychological relief. 



(3) Warming up/cooling down 

It is important before beginning intensive training sessions to warm up sufficiently. Essentially, 

such activity decreases the chance of injury by raising the muscle temperature, increasing blood 

flow and by stretching muscles, ligaments etc. Skipping, running, and stretching are all ways to warm 

up. After a strenuous training session it is essential to cool down. The warming up processes is 

reversed, with a slow winding down. If for instance you are on a climbing wall, finish with easy, slow, 

rhythmical traversing. 

(4) Flexibility 

This is perhaps the most undervalued component of physical fitness. There are two types of 

flexibility- exercises: (a) Static, where one stretches slowly and (b) Explosive ballistic stretching. 

Flexibility enables a greater range of movement to be made and thus if it is allied to strength, speed 

and endurance it will definitely help a climber to improve and is worth taking seriously. 

(5) Endurance 

This is basic to climbing activities. Running once, twice, or at the most three times a week is a 

good way to develop endurance. This develops a basic fitness with a good metabolic rate and oxygen 

uptake capacity. However running stretches certain muscle group and encourages stiffness. Thus 

marathon and top standard rock climbing are not easy bed fellows. Circuit training is a classic way 

of developing endurance but it is perhaps best developed in climbing by repetitive movements: 

traversing is a good example. If such traversing is done wearing weight belts these should be 

lightweight, about 12 to 15 pounds and the weight should be as evenly distributed as possible. 

(6) Strength 

There are many exercises which climbers can undertake to develop strength; pull ups , press 

ups, sit ups etc. The most easily available piece of apparatus for developing strength is one's own 

body weight. With another climber there are many additional exercises which can be carried out 

such as a wheel-barrow, or Indian wrestling. If you have a modern gym with a multi-gym unit 

available then weight training systems can be utilised. 

Generally, light weights and many repetitions of the exercise develop endurance and heavier 

weights develop strength. 

In strength development one must understand the principle of overload. It is only when you 

are overloading the human muscle system that you are actually gaining in strength. If you can easily 

carry out 10 sets of 5 pull ups between short rests this is not increasing your strength. However if 

10 sets of 8 pull ups shatters you this is doing you more good and 10 by 10 would be better still. The 

arms should ache, the muscles groan with the strain, but once this is no longer the case, then you 

should increase the repetitions. You cannot carry out overload exercises every day and you must 

allow for easier days and days of rest and recuperation. 

(7) Speed. 

Speed of limb movement can be essential on some modern climbs. Speed characteristics are 

closely associated with other components, particularly strength and flexibility in the moves which 



we call “dynos”. Speed can be trained for, particularly in the reduction of reaction time. Imagine 

that you are climbing, hanging on, searching out the next moves and your fingers are beginning to 

open, but there is a jug which you have only just spotted away to the left, only just within reach. You 

can train both mind and body to act decisively and quickly in such situations by practising and 

simulating such situations. A way to increase speed of movement is by using short recovery, high 

repetition work such as squat jumping, quick press ups, and bounding. Plyometrics is the name given 

to what we do when we dyno and they can be trained for. 

(8) Circuit Training/Aerobics 

General fitness training using circuits of physical exercises has been with us for a long time. 

Short sprints, pull ups, press ups, jumps and sit ups done in sequences are common. Aerobic training 

is a more recent innovation and simply means demanding physical exercise which makes a large 

oxygen demand on the participants. 

In fitness training books one will find circuits specific to many sports and in the book Rockfit 

there are circuits for rock climbing. You can experiment with these and adapt and change them to 

suit your own situation. You do not need a gym and you can even work out circuits of exercises in 

your own home and you can do aerobics in your front room to a tape if you are so minded. 

(9) Specificity 

Training must be tailored to the specific needs of the individual and be applicable to climbing. 

If you are poor at balance climbing put effort in in that direction. If you are weak on roofs, plug away 

at them (but not with a bolt kit). Are you useless at mantle shelves? Keep pressing up. This is the 

way to improve. 

(10) Injury and how to avoid it. 

So many of our leading climbers are becoming injured due to damage to tendons, ligaments, 

and muscle tissue that one is forced to conclude that much of what we have been doing is wrong. 

We do not warm sufficiently; we train for too long at high intensity; we overload too often. Some 

climbers are going to climbing walls for all day sessions. They are doing six and eight hours per day 

and during this time the finger and shoulder joints are being constantly overloaded. They will not 

be able to cope if this happens regularly and serious damage can result. 

If you are injured ease off immediately. Get advice, and here you will need specialist help, for 

your G.P. will most likely not know much about tendon injuries to the fingers, arms and shoulders. 

If you are badly injured you need to go to a Sports Injuries Clinic and will have to be referred there 

by your G.P. When you can start to climb and train again start at a very low level of intensity and 

work slowly back up to your maximum. 

(11) Young climbers 

Be careful not to overtrain. Avoid using weights to overload with, in pull ups, use your body 

weight only. Do not try to train on heavy weights, but concentrate on flexibility training. When you 

are very young you are the most flexible you will ever be and if you work at this you will retain much 

of this into adulthood. Young people need more rest and more protein but are usually able to keep 

fit by such activities as cross country running, orienteering, jogging, and school games. These build 



endurance which provides a firm base for intensive training when older, by which is meant after 16 

or 17 years of age, when you have more or less finished growing. Remember that any training must 

be seen as a long term undertaking. Unless you are specially gifted it will take a long time to yield 

results. 

(12) Older climbers 

Perhaps older climbers for whom training may be a dirty word and a foreign activity should 

reconsider their position. If you do begin, start gradually, ever so gradually and at the very least it 

should make you feel better if you are sitting at a desk eight hours each workday. Climbing is 

undoubtedly the best training for climbing but in future the highest levels of difficult climbing will 

probably demand more from the human body than climbing solely on a crag can develop. At lesser 

levels being fit at the start of our short summer season will help you to get the best out of that rare 

sunny day. 

(13) Relaxation and Mental Preparation 

Few climbers practise such skills but more and more in sport relaxation techniques, 

meditation, autogenic training and visualisation are being used. A book could he written on these 

aspects, of training alone and for instance in meditation there are 42 different methods of using this 

to progressively relax. Autogenic training is almost a form of self-hypnosis and it is extremely 

effective in relaxing the mind and the body. 

Visualisation is perhaps something that climbers can usefully learn to use. You can use these 

techniques to prepare to climb, by imagining the moves and rehearsing them mentally. You can also 

use this technique to relax by imagining that you are somewhere enjoyable or restful, such as down 

by a river mid-week. 

You must warm up mentally for climbing in just the same way that you warm up physically. 

People often fail on problems or climbs just because their mental approach has been negative. A 

progressive build up to what is for you a real "mind bender" of a problem is a good way to tackle it. 

Start with easy problems, then more difficult, still more difficult, until you confront your ultimate. 

Finally, 

always remember that training like climbing should be fun. Do not get obsessive about it. If 

you miss a session or are injured there is always tomorrow. It is a real hare and tortoise situation, 

and it cannot be stressed too strongly that you will not become a good climber simply by training in 

a gym or following aerobic and circuit training programmes. Training for rock climbing should be 

seen as an adjunct to the sport, something which can add benefit and interest to rock climbing 

activities. It is not a substitute for the real thing and given the chance of a training session or actually 

going climbing on a crag then the best advice is to go climbing. AIways.......! 

  



HEALT EDUCATION OF THE MEMBERS OF THE CZECHOSLOVAK MOUNTAINEERING 
ASSCOCIATION: ORGANIZATION, METHODS, AND EFFECTS 
I. Rotman, T. Skřička, J. Tomčala; Czechoslovak Mountaineering Association, ČSSR 

Abstract 
The Czechoslovak Mountaineering Association (13,505 members in 313 alpinist clubs) is one 

of the sports organizations of the Czechoslovak Union of Physical Education (ČSTV – Československý 

svaz tělesné výchovy). The ČSTV is formed of the Czech and the Slovak Unions of Physical Education 

and associates 2,022,577 people (17.7% of the population) interested in various sports and physical 

culture activities. 

Organizational structure of methodological activities in the Czechoslovak Union of Physical 
Education 

C E N T R A L      &      T E R R I T O R I A L  B O D I E S  
                operational    advisory 
 Central Committee  Scientific Council 
       Medical Council 
       other councils and commissions 

 Czech / Slovak     Scientific-Methodological Councils 
 Central Committee    Medical Councils 
       other councils and commissions 

 Regional Committees    Methodological Commissions 
       Medical Commissions 
       other commissions 

 District Committees    Methodological Commissions 
       Medical Commissions 
       other commissions 

 Physical Education Clubs   Specialists in methodology 
       Medical officers 
 
S P O R T  A S S O C I A T I O N  B O D I E S  
                operational    advisory 
 Czechoslovak Mountaineering   Methodological Commissions 
 Association – Central Committee  Trainer Councils 
    Medical Commission 
    other commissions 

 Czech / Slovak Mountaineering   Methodological Commissions 
 Association – Central Committees  Trainer Council 
    Medical Commissions 
    other commissions 

 Regional Committees   Medical Commissions… 
 Mountaineering Association    other commissions 

 District Committees   Medical Officers… 
 Mountaineering Association    other commissions 

 Committees of   Specialists in methodology 
 Mountaineering Clubs   Medical officers 



The growing popularity of mountaineering in Czechoslovakia in recent years has resulted in a 

high number of injuries. Although mountaineering does not appear among the sports with the 

highest accident rate (approximately 1%), the high number of injuries includes serious ones: each 

seventh being fatal. 

Therefore the programme of education and training of climbers and mountaineers is of great 

importance. The Committee of Czechoslovak Mountaineering Association with its specialist bodies, 

in particular methodological and medical commissions, are the responsible organizers. The 

education and training in basic and advanced mountaineering knowledge and technical skills are 

provided by instructors in alpinist clubs. 

Instructors of the fourth class reach rock climbing for beginners; third class, climbing in 

mountains in summer conditions; second class, winter mountain climbing, and the first class, 

climbing in mountains with glacier regions. Medical doctors are in charge of teaching First Aid and 

hygiene for ordinary mountaineers, and their instructors. An extramural course for first class 

instructors in mountaineering lasts two years (430 hours);, second class instructors go through a 

two-week course (inclusive of 10 days in the High Tatras); third class instructors have a 7 day course 

in the High Tatras; and fourth class instructors a 3-day in a region wind sandstone of other or other 

minor rocks. 

Health care and education in mountain climbing is very important above all from the point of 

view of safety and injury prevention. The health activities of both voluntary and professional 

sanitary services in mountaineering include regular preventive medical examination, protective 

vaccination, rehabilitation, and health education. 

MAIN TASKS OF THE MEDICAL COMMISSIOMS OF THE MOUNTAINEERING ASSOCIATION 

1. ORGANIZATIONAL AND METHODOLOGICAL GUIDANCE 

of medical commissions on lower association levels 

 collaboration with territorial medical councils and commissions and with the state health care 
service (departments of sports medicine 

 education of club medical officers 

 control of observance of health rules for sports activity 

2. COLLABORATION WITH OTHER ADVISORY BODIES OF COMMITTEES 

especially with commissions for methodology, training, safety, sport gear, competition, youth etc. 

3. ACCIDENT PREVENTION 

Records and analysis of accidents, collaboration with the Mountain Rescue Service, accident 
prevention measures 

4. SPORT HYGIENE EDUCATION 

5. HEALT EDUCATION 

of members, instructors, trainers, and functionaries in First Aid, somatology, physiology, and 
accident prevention 

  



METHODS OF HEALTH EDUCATION 

CLASES AND COURSES FOR MEDICAL OFFICERS, TRAINERS AND INSTRUCTORS 
LECTURES FOR MEMBERS AT ALPINIST CLUBS 
CONFERENCES ON ACCIDENT PREVENTION 
CIRCULATION OF INFORMATION SHEETS ("METHODOLOGICAL LETTERS") 
ARTICLES IN MOUNTAINERING PERIODICALS AND JOURNALS 

INFORMATION SHEETS ON MEDICAL PROBLEMS AND ACCIDENT PREVENTION: TITLES ISSUED 

1978 Danger in the Mountains 
Climbing Areas in Czechoslovakia. Geology. 

1978  Belaying in Mountaineering 
 All-round Training for Mountaineers 

Education and Training Methodology for Beginners 
1977  Belaying in Mountaineering 
 Education of Mountaineering Youth 
1980 Basic Training for Beginners in Mountaineering 
 Accidents and Accident Prevention 
 Acclimatization and Mountain Sickness 
1981 Inflammatory Disease of Climbers' Fingers 
1988 Frostbites and Hypothermia in Mountaineering 
1983 Grounding in Hygiene for Mountaineering Instructors (1st ed.) 
1984 Safety Principles in Mountaineering (1st ed.) 
1985 Proceedings of UIAA Medical Commissions Conferences, 1984 
 Proceedings of Conference on Accident Prevention, 1984 
 Grounding in Hygiene for Mountaineering Instructors (2nd ed.) 
1986 Proceedings of Medical Commissions Conferences, 1985 
 Grounding in Hygiene for Mountaineering Instructors (3rd ed.) 
 Safety Principles in Mountaineering (2nd ed.) 
 Solo Climbing 
1987 Proceedings of Medical Commissions Conferences, 1986 
 Mountaineering - A Basic Training Programme 
1988 Proceedings of Medical Commissions Conferences, 1987 
 Health Risks in Contemporary Mountaineering 
  



PSYCHOLOGY FOR MOUNTAINEERS 
Pavel Veselý; Medical Commission of the Czech Mountaineering Association, ČSSR 

Abstract 

Psychology of mountaineering is a rather attractive topic and therefore often taken up. The 

frequently posed question: "Who is a mountaineer?" to the mountaineer really means: "Who am 

I?" Now, this is a question that has interested, interests and will interest everyone at all times. 

Although it is nice and of paramount importance to dwell in the spheres, the high altitude of the 

human spirit, it can hardly provide useful help to a mountaineer in his coping with obstacles 

encountered in the mountains. It leads to reflexion, self-reflexion, and the necessity to analyse the 

quality of the reflecting mirror. As far as a mountaineer up there in the mountains is concerned, 

quite the opposite is needed. Let us leave to him who he is, but let us try to explain to him how he 

can benefit from some knowledge of the psychology and training of self-control. I propose that a 

training programme such as "psychology for mountaineers" is what waits to be formulated and what 

should offer an interesting inspiration to a mountaineer's independent mind. 

Introduction 

Great changes in mountaineering have come about during recent years. Among the 

heretofore rather homogeneous population of mountaineers, two extreme groups have appeared: 

 HIGH ALTITUDE CLIMBERS (above 800 m w/o oxygen), exposed to a risk of sudden 

indisposition often leading to fatal accidents; 

 ROCK CLIMBERS, prone to ruin the working capacity of their hands if they unwisely 

overstrain them. 

The difference between both groups and the rest of the community, i.e. the ordinary 

mountaineers, lies in a predisposition for the strenuous task that stems out of the biotype of these 

outstanding climbers. 

This in the case of high altitude climbers is the physiological capacity to cope with hypoxia and 

other adverse effects of conditions at extreme height, and for rock climbers it consists of anatomical 

proportions, quality of the mesenchymal tissues and next to acrobatic coordination. 

This means that high performance in mountaineering is a top sports activity conditioned by 

inborn prerequisites of an almost professional character and therefore can no longer be achieved 

by compensatory complementation of skills, strength and intelligence as it used to be before. 

For numerous ordinary mountaineers, however, climbing and mountaineering still remain 

more of a sportsmanship and endeavour than a sort of professional sport. The reason lies very 

deep. It is an intrinsic reward, a satisfaction from one's own existence, that climbing experience 

brings, sometimes at the life-and-death border. It does not matter that this border lies at a 

different place for everybody. Viewed in this way, it is reminiscent of the old-time style of proving 

one's maturity, in fact the right to exist. 

  



A proposal 

For these reasons it seems that for a climber it now becomes more pressing not only to acquire 

the proper physical and psychic skills necessary for overcoming obstacles in rocks and mountains, 

but also to be able to recognise his/her propensities and limitations granted or imposed by his/her 

own inherited biotype. Now, this, in my opinion, can only be achieved by improved education and 

training with this involving the critical study of some heretofore unusual subjects and thus 

representing a new extension of the climber's training scheme. 

Such a programme as it is described in Table 1, I suggest, could increase safety in the 

mountains. For beginners, by making them better understand their motives. For ordinary 

mountaineers by providing new hints in self-control and thus improving responses to critical 

conditions. For top climbers, it might offer interesting comparison with their own experience and 

perhaps assist in formulating their contribution to the psychology for mountaineering. 

Table 1. Basic concepts of a programme of psychology for mountaineers 

Topic: Content:     Method: 

Knowledge Human body, biotypology,   Study & 
About oneself identification of one´s   Meditation 
 own biotype & motivations 

Prevention Safe and efficient   Study & 
 Training & regeneration   Experimentation 

Self-control I n d i v i d u a l l y :  
 Relaxation (also during    Study & 
 Climbing), concentration,   Training 
 Meditation & mental activation 

 to improve self-confidence; 

 self-command, autosuggestion, 

 “das “Autogenic Training” & yoga 

 S o c i a l l y : 

 formulation of ideas, planning,   Study & 

 rules of communication and   Disputation 

 resolution of conflicts for 

 improvement of sociability 

Conclusions 

These new dimensions in alpinism and the new requirements stemming from them might also 

represent a contribution of mountain experience to mountaineer's ordinary life. It would upgrade 

the level of the ancients' examination of maturity through teaching how to recognise one's own 

possibilities and limits. It would furthermore bring in its wake a better comprehension of other 

people and their situations, and in this way it would contribute to improved sociability on the whole. 
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THE PSYCHOPHYSICAL TRAINING OF ALPINISTS IN THE PROCESS OF THEIR PREPARATION FOR 
EXTREME SITUATIONS 

M. A. Mikhailov; Moscow, USSR 

First of all there is a need to define more exactly what situations in alpinism should be referred 

the extreme ones. Strictly speaking, alpinism may be considered as work performed by a human 

organism under extreme conditions. We are most likely interested only in those situations and work 

in such conditions as can lead to death or a serious damage of health. So we are interested not in 

the environmental health hazards but in such a complex of external and internal factors that in the 

long run lead to a considerable decrease of a human adaptability to some concrete situation. 

Therefore it is essential to pay attention not to modelling of all possible hard environmental effects, 

but to the development of a heightened capability of quick adaptation in any unfavourable condition 

during the preparation to extreme situations. 

The preliminary modelling of the possible extreme situations faces not only technical 

difficulties but also difficulties of a psychological character: it is hardly possible for a working alpinist-

sportsman to desire to train himself, for example, to endure “a cold night”. During the training the 

sportsmen willingly work in certain unfavourable situations that could arise on the forthcoming 

route (the peculiarities of relief, influence of altitude, climatic conditions), but there should be one 

obligatory condition – such modelling of forthcoming difficulties should be carried out under 

possibly favourable situations, for example the most difficult relief must be combined with good 

weather or bad weather with easy relief etc. Any efforts aiming at complete and most accurate 

imitation of extreme situations encounter conscious or unconscious protest on the parts of the 

examiners and the author sympathizes with them. 

Therefore the task of a coach, a doctor and a psychologist is to work out such a method of 

training a preparation of sportsmen for extreme conditions that would help to develop the body 

potential for adaptation without exposing it to the direct influence of the unfavourable factors. The 

present system for alpinists in the USSR on the whole satisfies these requirements and includes 

training physical endurance, learning the theoretical norms of survival, analysis of the accidents that 

happened during a year, with the mistakes and infringements of safety rules that led to these 

accidents. Undoubtedly this part of a training course of the preparation for extreme situations is a 

basic one and must be necessarily included in training programmes for all alpinists. However, this 

programme is quite adequate for beginners, but alpinists of the middle and high grades feel a deficit 

in supplementary methods that would better help to prepare them for possible extreme conditions.  

In analyzing the present methods suitable for this purpose, the author has come across the 

idea that using some elements of the yoga system would be quite helpful. First of all the main 

principle of the yoga system – the human body functioning under hypoxic conditions – corresponds 

best of all with alpinism where the hypoxia is the source of practically all difficulties that arise under 

the extreme conditions. The second yoga principle – work of the human body in a regime of maximal 

energy economy also corresponds finely with the main principle of the survival under extreme 

conditions. The ability to regulate at least some physiological processes of the body by the force of 

the will is also quite a tempting perspective for alpinism. Of course, the training of middle- and high- 

grade alpinists using the elements of the yoga system could hardly solve all problems connected 



with the survival in extreme conditions, but the knowledge of some practical methods of 

psychophysical regulation worked out by European doctors on the basis of the yoga system could 

be of real help in such situations. 

It is not the aim of this report to present a concrete method or a complex of exercises for the 

development of body abilities for adaptation but only to draw attention of coaches and doctors of 

alpinist clubs to the possibility of using some non-traditional methods of the psychophysical training 

for this purpose. Nevertheless, J would like to give as an example illustrating everything mentioned 

above, one of the exercises for psychophysical training worked out by the French doctor L. Ferrer 

which is of direct interest for the training of alpinists.  

The exercise is based on the different physiological effects of colours of the spectrum on the 

excitability of the nervous system (red colour excites, blue calms etc.). A person should sit down 

comfortably, relax and breath easily and feely. At a distance of 1.60 cm from eyes, a brightly red 

screen is placed and for 30 seconds the eyes should be concentrated on it with such attention as is 

devoted to reading of a report whose content you want to remember for ever. Then the person 

closes his/her eyes and tries to hold the coloured image in his/her mind. As soon as the image 

vanishes the person opens his/her eyes and intensively looks at the screen for some seconds. And 

then closes the eyes again. The exercise is repeated for 2 minutes. The work proceeds in the same 

way with the other colours of the spectrum. When the person can visualize the image of any colour 

of the spectrum in his mind at his will, he begins to try visualizing it in different parts of his body. 

For example, the visualization of the blue colour in the region of an injury reduces the feeling of pain 

up to complete anaesthesia; visualization of the brightly red colour in the region of the navel gives 

the feeling of a burst of energy and arouses the "reserve" energetic abilities; the visualization of 

green colour in the whole body helps to speed up the process of rehabilitation during rest. No doubt 

the effectiveness of such psychophysical training depends to a great extent on the individual 

characteristics of the person under but his resistance and the time spent on the training will also 

play an important role. Experience shows that any alpinist when he is high up in the mountains has 

enough time to learn and use this method, which is not so difficult. 

  



TRAINING OF PEAK PERFORMANCE AND PREVENTION OF INJURIES IN SPORT CLIMBING 

L. Radlinger; Ostermundigen, Switzerland 

Abstract 

The performance of sport climbers increases from year to year. Unfortunately injuries are 

concomitants, especially those resulting from general overuse of upper  extremities. They have 

become well-known because of their terrible extent, which has been described by several 

examinations from CSSR, Austria, France, Germany, Spain and Switzerland. The dominant reasons 

for such sport injuries are in most cases based in the very incorrect preparation (training) of the 

climbers. 

On the sample of a group of 12 sport climbers (5 climb to 10th UIAA-degree; mean of the group 

9- (9) at Berne – trained by the author since 1984 – it is shown that peak performance training can 

increase the climbing performance with much less or even no injuries. 

The most important features of training are: 

 explanation of the plan of training, principles of training, theory of training; 

procurement of the sport medical background for all athletes; 

 training control of the athletes, training diary and medical control; 

 large number of forms of training, variability of training intensity, training units, training 

duration, type of training, etc.; 

 special wooden beam developed for finger training, based on functional anatomical 

analysis; 

 measures for regeneration; 

 training of tactics and techniques. 

The experience with such specific training showed that injuries can be reduced to a minimum, 

while the mean performance of the group increased by about 2 degrees in 4 years. Therefore, it is 

possible to say: Correct training is the best prevention of injuries. 

Introduction 

For the last about ten years there has been a considerable increase in the performance of sport 

climbers, often from the sixth to the tenth degree. During this time most of climbers have developed 

a very impressive arm and finger power. But if you look behind the stage, you see the real problems 

of more than ninety per cent of all sport climbers: injuries are unfortunately concomitants, 

especially those resulting from general overuse of the upper extremities. They have become well-

known because of their terrible extent, which has been described following several examinations 

made in CSSR, Austria, France, Germany, Spain, and Switzerland. 

The problem of injuries can be reduced almost completely to one single point: the ignorance of 

sport climbers, which is rooted in their poor knowledge about training. So far, in most cases, there 

are no coaches who are able to help climbers increase their limit performance. So climbers think 

training only makes sense if, their training grips are like grips at the rocks: very very small. The result 

is too monotonous and too intensive finger load on rock and force training with high non-physiologic 

finger loads such as hyperextension in the distal finger articulations. 



However, training methods have changed. Today we know that competition intensity (hard rock 

climbing) has to be different from optimal training intensity to prepare one for peak performance. 

The example of a group of 12 sport climbers (5 climbers climb the 10th UIAA degree; mean of 

the group: 9– / 9) at Berne – trained by the author since 1984 – shows that peak performance 

training can increase climbing performance with much less or even no injuries. 

On the example of exercise and training methods for finger training, it will be shown how 

climbing training using the latest knowledge of sport science should be done. 

Exercise for Finger Training 

First of all we use more than 16 different finger exercises in order to have the training variable 

and not monotonous. These exercises result from an anatomic analysis of the mechanical load on 

the locomotor system of fingers in sport climbing. 

There are exercises for the flexion and extension of the hand wrist and one for pronation and 

supination of the hand. Also used is single finger training: the climbers are hanging during this 

exercise only by the distal, medial, or proximal phalanges of one finger. The profound finger flexor 

muscle is trained. One of our climbing athletes is able to pull more than 900 Newton in this way; he 

has a body weight of 65 kg. 

Special grips have been constructed to train intermuscular coordination to be as effective as 

during boulder training. 

A wooden beam has been developed for finger training of climbers. It is based on a functional 

anatomic analysis so as to train in the best physiological way the different finger and forearm 

muscles. It has seven different grip positions. It is important that the individual finger measurements 

such as length of finger joints or thickness of fingers are transferred to that beam. The idea is to 

prevent finger injuries by physiological positions of finger and hand articulation tendons and tendon 

sheaths. The load is distributed to all structures of the hand and not on to two or a single finger. 

After this training beam has been tested for four years in our training group at Berne, the 

experience shows that not only finger injuries can be reduced to a minimum but also the dysbalance 

in local finger muscle force – for example between the profound and superficial muscles – can be 

compensated and finger force enhanced much better than with other training exercises. 

  



Methods of Training 

Besides these exercises the methods of training are very important. We use nine different 

methods to ensure variable and not monotonous load intensity. 

The illustration (Table 1) shows that we use a periodic system of methods to increase finger 

force. 

******************************************************** 
* hypertrophy * hypertrophy * intra * eccentric * 
* *           + *             + *  * 
* * intramuscular *  intermuscular *  * 
* * coordination *  coordination *  * 
******************************************************** 
*            10 *             2 *           6 *   2 weeks * 
******************************************************** 
*     a n a e r o b i c  n o n  –  l a c t i c  t r a i n i n g    * 
*               a n a e r o b i c  l a c t i c  t r a i n i n g    * 
*                  g l o b a l  a e r o b i c  t r a i n i n g    * 
*                      l o c a l  a e r o b i c  t r a i n i n g    * 
*     r e g e n e r a t i o n     *  
******************************************************** 
Tab. 1. Periodic System of Training Methods to Develop Maximal Force and Force Endurance 

First we build up the base for maximal force by ten weeks´ training for muscle hypertrophy. 

The single muscle fibres and myofibrils become thicker and anaerobic non-lactic metabolism 

increases. This method of hypertrophy training in combination with the use of our training beam is 

the essential precondition for developing the maximal force. 

A two week period of combined hypertrophy and intra muscular coordination training is 

followed by a six-week period of intra and intermuscular coordination training and a two week 

period of eccentric training. The ability of recruitment and the synchronous activation of muscle 

fibres should be trained by these highly intensive methods. Furthermore, the metabolism of ATP 

and CP should be activated and improved. 

During these twenty weeks we also use other training methods: Anaerobic lactic acid training 

leads to a high glycolytic metabolism, resistance against pain, and better buffer effect in cells and 

blood for a later beginning acidosis. Local and global aerobic training aims at a better ability of 

regeneration between trainings, climbing, or competitions. They increase the force endurance 

determined by aerobic metabolism and morphological compounds like volume of mitochondria, 

type I, IIc and IIa-fibre-area, capillary network, etc. 

  



Other Factors of Performance 

Besides exercises and methods of training, further important points based on our training 

experience are: 

 explanation of the plan of training, principles of training, theory of training, as well as sport-

scientific and sport-medical background for all athletes; 

 training control of athletes, raining diary and medical control; a large number of forms of 

training, variability of training intensity, training units, training duration, types of training, 

etc.; 

 provision for regeneration; 

 training of tactics and techniques. 

Conclusion 

The experience with the above-described specific training exercises and methods – only a 

small part of that training could be documented in this paper – has shown for all twelve of the 

climbing athletes a significant reduction in finger injuries while the mean performance of the group 

increased by about two degrees in four years. As a result of our experience it is possible to say: 

appropriate training is the best prevention of injuries. Additionally, long-time planning of peak 

performance is a much easier way for avoiding injuries. 

  



CONCLUDING COMMENT 

I would like to thank the Organizing Committee of the meeting of the UIAA Medical 

Commission in Prague for the very good work they have done. 

For the first time a meeting of our commission could be organized in an Eastern country and 

this gave the opportunity to many delegates and other interested persons of Eastern countries to 

join the meeting and compare their data to these of delegates from Western countries. This also 

gave the possibility just to meet and know the people. This is a very important progress and I hope 

that it will be possible in the future to meet more often. 

Being the secretary of the International Society for Mountain Medicine, I would like to use the 

opportunity to inform the assembly that our Society wishes to become the meeting point of all 

scientific interest related to mountain medicine. We publish a semestrial journals as a supplement 

book of the “International Journal of Sports Medicine” and I would like to invite all interested people 

to send us papers of good scientific level that could be published in our review. For further 

information write to: 

International Society for Mountain Medicine 

The Secretary General 

Clinique Générale 

         1950 Sion Switzerland 

Again, thank you very much to the Organizers and all the speakers for this very good congress 

     Fréderic DUBAS, M. D. 

     International Society for Mountain Medicine 

     General Secretary 
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