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Summary
Each year millions of people travel to high altitude regions, i.e. 2500 metres above sea level to explore beautiful
places or to realise to accomplish their mountaineering passions. Such high altitudes can induce health-related problems,
called acute mountain sickness (AMS). The severity of the disease varies with altitude. The most common symptoms are
headaches, weakness, and lack of appetite, which affect individuals living in lowland regions, who are not adjusted to the
different mountain environment. The development of AMS can be simply prevented by gradual ascent. Moreover, there
are pharmaceutical agents, which help to alleviate the symptoms.
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Introduction
Since the Ancient Times, high altitude illness has
been a mystery. Some believed that it was madness sent by
Gods. Greeks climbing Olympus ( 2917m a.s.l.) were convinced that the mountain was only for Gods. However, it
was not Greeks who contributed most to proper understanding of this phenomenon. The phenomenon started to
be elucidated in the first half of the 19th century during first
balloon flights of French and English travellers. In 1920,
the British travellers preparing for exploration of Mount
Everest were aware that man could reach 8000 m a.s.l. after
gradual acclimatization. In 1953, Sir Edmund Hillary and
Tenzing Norgay while in 1978 Reinhold Messner and Peter
Habeler reached the peak above 8000m a.s.l. and became
convinced that at the altitude above 8000 m a.s.l. the use of
artificial oxygen was indispensible [1].
Harmful effects of high altitudes on the body were
observed over 2000 years ago by Tseen Hanshoo who described “ the mountains of slight and severe headaches”. The
mountains mentioned by him are likely to be the mountains of the Silk Route located above 4000m a.s.l.. This was
the first description of high altitude illness presenting with
headache [1,2].
In 1960, Charles Houston described high altitude
pulmonary edema (HAPE) as one of life-threatening diseases, which can accompany high altitude illness. The findings of the study carried out in a 21-year-old healthy skier
and subsequently in a large population of soldiers stationed
in Himalayas were one of the sources to determine the diagnostic criteria of high altitude illnesses [1]. The criteria
were established in 1991 by the group of experts and named
the Lake Louis Score [1,4,5].
Despite numerous hazards associated with high
altitude expeditions, people are not discouraged to explore
high altitudes and conquer summits. Due to rapid development of mountain tourism, it is forgotten to follow the rules, i.e. preparing the organism before such expeditions. The
human body adjusts relatively slow compared to the pace of
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ascent and the adaptive possibilities decrease with altitude.
At high altitudes the adjustment to reduced atmospheric
pressure without acclimatisation is impossible and may
lead to the development of acute mountains sickness [2].
Acute Mountain Sickness (AMS)
Acute mountains sickness is the cluster of
symptoms caused by long-term hypoxia and decreased
atmospheric pressure. It develops in individuals who cover high altitude differences in short time. AMS can be
accompanied by the life threatening high altitude cerebral edema (HACE) and high altitude pulmonary edema
(HAPE) [3,6]. There are individual physiological measures predisposing to the adaptation of the organism at
high altitudes, which include the ability to constrict the
pulmonary blood vessels and disorders of venous inflow.
It has been demonstrated that age, gender, medical history, physical stamina do not significantly affect the development of AMS. Otherwise, individuals who repeatedly
stay at high altitudes and live in mountainous regions
have higher capacities to acclimatise to high altitudes [7].
Classification of altitude and physiological effects
[1,8,9]
High altitudes (1500–3500 m a.s.l.)
• Reduced efficiency of the organism, increased lung
ventilation,
• Slight disorders of oxygen saturation of arterial blood (SaO2) and partial oxygen pressure of arterial blood (PaO2) ranging from 55 to 75 mm Hg,
• Since numerous people stay at such altitudes, the incidence of this disease is found to be the highest one.
Very high altitudes (3500–5500 m a.s.l.)
•SaO2 decreases to 75% - 85%, PaO2 is 40–60 mm Hg,
•Increasing hypoxaemia during climbing and sleep,
accompanied by high altitude pulmonary edema and
lung diseases,
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• The most common severe illnesses,
• Too quick ascent can be dangerous, acclimatisation
is required.
Extreme altitudes (above 5500 m a.s.l.)
• Severe hypoxia and hypoxaemia; SaO2 - 58% - 75%;
PaO2 - 28 – 40 mm Hg,
• Progressing loss of physiological functions, without possible acclimatisation,
• Too quick ascent most commonly leads to high altitude illnesses,
• Lack of conditions for live.
Clinical symptoms and diagnosis of AMS
At high altitudes, the major reaction of the organism to the changing pressure and amount of oxygen
is headache. The specific symptoms occur most commonly two/three days after reaching high altitudes and
persist for about five days [6]. The characteristic symptoms that increase with the altitudes reached and physical efforts include:
• Headache,
• Appetite disorders,
• Nausea and vomiting,
• Sleep difficulties,
• Weakness,
• Effort dyspnoea,
• Tachycardia,
• Apathy [3,10,11].
The clinical diagnosis of acute mountain sickness can be based on the Lake Louise Score (Table 1).
The score includes eight open questions, first five of
which are self-reported score while the remaining ones
are symptom score. The disease is diagnosed in patients
with the score 3 for questions 1-5 and al least 5 for questions 1-8 [12].
Table 1. The Lake Louise AMS score

Pathophysiology of AMS
The theory, which currently prevails, says that
the disease process takes place in the Central Nervous System. Hackett and Roch claim that the disease is
caused by increased permeability of the blood-brain
barrier, and its damage by hypoxia as well as increased
perfusion pressure in the brain leading to distension of
cerebral vessels and brain oedema (Fig.1)[6,13]. Harmful conditions, i.e. unavailability of fresh food, strong
physical effort, increased ultraviolet radiation, can stimulate the antioxidative enzymatic system leading to
oxidative stress - increased production of reactive oxygen species using antioxidants. Reactive oxygen species
produced suddenly in the body result in many adverse
phenomena, such as damage to the lipid layer of cell
membranes or nucleic acids. The changes at the cellular level lead to systemic changes, i.e. malaise, reduced
physical efficiency. Increased oxidative stress is believed
to be one of the factors causing AMS [14].

Fig.1 Pathophysiology of AMS
Na rycinie – reduced oxygen pressure in blood, increased cerebral blood flow, increased volume of cerebral blood, increased permeability of blood-brain
barrier, brain enlargement, insufficient flow of cerebral fluid, AMS.
AMS-Adaptative mechanisms
Based on the studies in ingenious populations
of mountain regions, the human environment-adaptive
processes can be elucidated. The studies were carried out
amongst inhabitants of Andes, Tibet and Ethiopia. Due to
decreasing atmospheric pressure and increased altitudes,
the organism has to adapt to the conditions by suitable
oxygenation of tissues. According to the findings presented by Cyntii M. Beall from the University of Cleveland
(Ohio, USA), in Bolivia, in the regions situated at 4000m
a.s.l., the natives had the haemoglobin level higher by
25% compared to people living in lowland regions. This
increase is a result of compensation for hypoxia by the
formation of higher amounts of oxygen “carriers” [15].
The study performed in inhabitants of Tibet
(4000 m a.s.l.) demonstrate that the human body can
adapt to very high altitudes by limiting the expiration
of nitrous oxide (NO). The control group living in the
sea-level regions expire higher amounts of NO. The gas
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affects the smooth muscle relaxation decreasing blood
pressure and thus preventing hypoxia [15].
No adaptive mechanisms to environmental
conditions have been observed amongst the inhabitants
of mountain regions of Ethiopia (3500 m a.s.l.) [15].
Prevention
The simplest measure to prevent acute mountain sickness is acclimatisation and gradual ascent.
Acclimatisation involves an increase in altitude followed by a decrease in altitude by descending [16]. In
most cases, acclimatization takes about 3 weeks to reach
such a number red blood cells to ensure proper oxygen
transport through blood at high altitudes preventing
long-term complaints associated with increasing altitudes [3]. One of the essential rules regarding gradual
increases of altitudes states that at altitudes higher than
3000m a.s.l. the night should be spent at the altitude
not higher than 300m compared to the altitude during
the previous night – “climb high, sleep low”. After reaching 3000 m a.s.l. one day of resting is recommended,
i.e. acclimatisation, which should be repeated every 2-3
days or every 1000 m a.s.l. [6, 17]. If the pace of ascent
is considered a relevant element, it is assumed that the
differences between subsequent overnight places should
not exceed 600 m. Hence, the ascending pace can exceed the recommended value while the altitude difference
during nights should be absolutely maintained. When
symptoms do not regress, the altitudes should not be increased; when the complains increase, the altitude should be reduced [6,17].
Pharmacological prophylactics
The development of high altitude sickness in
cases of quick ascent above 3000 m a.s.l. can be prevented by using pharmacological prophylactics. The use
of various pharmaceuticals for prevention of AMS was
studied by Dumont et al. The drugs analysed included
dexamethasone, acetazolamide and Ginkgo biloba
extract [18].
Dexamethasone is a synthetic glucocorticosteroids of potent anti-inflammatory, immunosuppressive
and anti-allergic properties. It was initially used due to
its relation to high altitude cerebral oedema with high
altitude sickness. Prophylactically, 8 mg of dexamethasone a day were administered, divided into doses. When
starting the ascent, 2-4 mg were used. Such doses were
continued for three subsequent days and gradually reduced during the next days [6]. At present, dexamethasone is recommended during evacuation to improve
cooperation or when the descent is impossible [5]. Considering numerous adverse side effects, the administration of the drug is presently restricted and it is replaced
by acetazolamide or combination of both drugs [13].
The most effective drug for AMS prevention is
acetazolamide. It is an inhibitor of carbonate anhidrosis. Despite its confirmed efficacy for prevention and
alleviation of AMS symptoms, the optimal dose has not
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been determined [19]. Generally, 250 mg/day are administered since the first day of ascent and continued for
another 3-5 days. The dose can be divided and climbers
can take 125 mg twice a day [20]. The clinical trials demonstrate that the dose of 500 mg/day is effective to prevent AMS [20,21]. By inhibiting carbonate anhidrosis in
kidneys, acetazolamide induces metabolic acidification,
which results in quicker reactions of chemoreceptors to
hypoxia associated with high altitudes. Moreover, the
drug has been shown to stimulate ventilation by decreaseing the concentration of bicarbonates reducing pH
in the cerebrospinal fluid [5]. The most common side
effects of the drug include nausea and lack of appetite.
The drug should not be used in pregnant women, except
for life-threatening cases [22].
Ginkgo biloba is a plant of increasingly wide
interests. The Bingo biloba extract is used for the treatment of old age problems, particularly cardiovascular
and memory-related ones. Dried leaves contain flavone glycosides and terpene lactones as well as bilobalide
[23]. Ginkgo biloba was demonstrated to be essential
for AMS prevention. The pre-ascend use of Ginkgo biloba in a dose of 60mg three times a day reduced the severity of AMS symptoms. However, researchers failed to
show that the substance reduced the incidence of AMS
[24]. The efficacy of Ginkgo biloba is lower than that of
acetazolamide [25].
Incidence of AMS
Acute mountain sickness develops in about 25% of mountain climbers at the altitudes between
1850 - 2750 m a.s.l. [3]. The study in soldiers staying
at 2000- 3960 m a.s.l. revealed that symptoms of AMS
occurred in 70% of them [26]. Another study in recruits
staying in Chile at the altitude of 3550 m a.s.l. found
AMS in almost 60% of the population. Three months
later when soldiers descended to the lowland for over a
week and re-ascended, the symptoms of AMS were noted in 55% [27]. Still another study in tourists climbing
Kilimanjaro the symptoms of acute mountain sickness
were observed in 9% of participants at the altitude of
2743 m a.s.l. With an increase in altitude, the percentage
of individuals with AMS symptoms increased; at 47005500 m a.s.l.. AMS symptoms were found in almost 70%
of individuals. Furthermore, the AMS symptoms were
demonstrated to decrease together with acclimatization
for 2 days. The symptoms subside about 5 days after high
altitude stays [27, 28].
References:
1. Paralikar S.J, Paralikar J.H. High-altitude medicine.
Indian J Occup Environ Med. 2010 ; 14(1): 6-12.
2. Krzeszowiak J. Ostra choroba wysokogórska. Med
Środow. 2012; 15(1): 61-68.
3. Strzała M, Szyguła Z, Głąb G, Ostrowski A.: Funkcjonowanie organizmu człowieka w warunkach wysokościowych. Med Środow. 2011; 14(4): 90-97.

Arch Physiother Glob Res 2014; 18 (4): 19-22

22

Borowska Emilia, Harasim Emilia, Van Damme-Ostapowicz Katarzyna

4. Hou SH, Lin CM, Wang TL. Clinical Aspects of High
-Altitude Illness. Ann Disaster Med. 2004; 2(2): 53-59.
5. Taylor A.T.: High-Altitude Illnesses: Physiology, Risk
Factors, Prevention, and Treatment. Rambam Maimonides Med J. 2011; 2(1): 1-18.
6. Kępińska M, Bajda M.: Niebezpieczeństwa związane z
przebywaniem na dużej wysokości – ostra choroba wysokogórska. Farm. Pol. 2010; 66(1): 13-18.
7. Gomersall T.: Acute Mountain Sickness. Scottish Universities Med J. 2012; 1(1): 98-103.
8. Dąbrowski W, Dąbrowski R, Wyciszczok T, Falk J..
Gospodarka tlenem organizmu ludzkiego na dużych
wysokościach. Wiad Lek. 2006; 59(3-4): 238-241.
9. Gallagher S.A, Hackett P.H.. High-altitude illness.
Emerg Med Clin N Am. 2004; 22: 329-355.
10. Korzeniewski K. Medycyna w podróży. Warszawa;
Wydawnictwo e-PAGINA: 2012, s. 234-251.
11. Korzeniewski K. Problemy zdrowotne w warunkach
wysokogórskich. Pol. Merk. Lek. 2008; 25(146): 161165.
12. Yuet-Chung Siu A, Ho M. High Altitude Medicine
Acute Mountain Sickness. The Hong Kong Medical Diary. 15(6); 2010:32-34
13. Basnyat B, Murdoch D.R.. High-altitude illness. The
Lancet, 2003; 361: 1967-1974
14. Krzeszowiak J. Stres oksydacyjny a środowisko wysokogórskie. Med Środow. 2013; 16(1): 90-97.
15. Cynthia M. Beall. Andean, Tibetan and Ethiopian
patterns of adaptation to high-altitude hypoxia. Integr
Comp Biol, 2006; 46(1): 18-24.
16. Bednarczyk K. Patofizjologia choroby wysokościowej. Sztuka pielęgnowania. 2013, 3: 21.
17. Przybyłowski T, Zieliński J. Problemy medyczne związane z przebywaniem na dużej wysokości.
Pneumon Alergol Pol. 2004; 72: 134-138.
18. Dumont L, Mardirosoff C, Tramér M. Efficacyandharm of pharmacological prevention of acute mountain sick¬ness: quantitative systematic review. BMJ. 2000;
321 (7256): 267-272
19. Maggiorini M, Brunner-La Rocca HP, Fischler PS.
Both tadalafil and dexamethasone may reduce the incidence of high-altitude pulmonary edema: a randomized trial. Ann Intern Med. 2006; 145:497–506.
20. Basnyat B, Gertsch J.H, Johnson W, Castro-Martin F,
Inoue Y, Yeh C. EffIcacy of low dose acetazolamide (125
mg bid) in the prophylaxis of acute mountain sickness.
High Alt Med Biol. 2003; 4: 45–52.
21. Gertsch J.H, Basnyat B, Johnson E.W, Onopa J, Holck
P.S. Randomised, controlled trial of ginkgo biloba and
acetazolamide for prevention of acute mountain sickness: the prevention of high altitude illness trial. BMJ.
2004; 328: 797–9.
22. Hackett PH, Roach RC. High-altitude illness. New
Engl J Med. 2001; 345:107–14.
23. Blecharz-Klin K, Piechal A, Joniec I, Pyrzanowska J,
Widy-Tyszkiewicz E. Pharmacological and biochemical

Arch Physiother Glob Res 2014; 18 (4):19-22

effects of Ginkgo biloba extract on learning, memory
consolidation and motor activity in old rats. Acta Neurobiol Exp. 2009; 69: 217–231.
24. Gertsch J.H, Seto T.B, Mor J, Onopa J. Gingko biloba for the prevention of severe acute mountain sickness
(AMS) starting one day before rapid ascent. High Alt
Med Biol. 2002; 3, 29–37.
25. Basnyat B. High altitude cerebral and pulmonary
edema. Travel Med Infect Dis. 2005; 3: 199–211.
26. Muza S. Military applications of hypoxic training for
high-altitude operations. Med Sci Sports Exerc. 2007; 9:
1625-1631.
27. SiquÝs P, Brito J, Banegas J.R.. Blood pressure responses in young adults first exposed to high altitude
for 12 months at 3550m. High Alt Med Biol .2009; 10:
329-335.
28. Karinen H, Peltonen J, Tikkanen H. Prevalence of
Acute Mountain Sickness among trekkers on Mount
Kilimanjaro, Tanzania: an observational study. High Alt
Med Biol. 2008; 9: 301-306.

Correspondence address:
Assistant professor Katarzyna Van Damme-Ostapowicz PhD
Department of Integrated Medical Care, Medical
University of Białystok
ul. Jana Kilińskiego 1
15-089 Białystok
katarzyna.ostapowicz@gmail.com

