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Purpose: 

In this letter, the health aspects of short-term (less than 30 minutes) exposure to hypoxic gases 

will be highlighted. Hypoxic gas is considered inspiratory oxygen concentrations below 20.95% 

(normal oxygen concentration at 1 atmosphere) and in this context down to approx. 14%. It will 

also be highlighted how the addition of carbon dioxide (CO2) to the inhaled air will affect the total 

oxygen supply to the body and brain. The recognized medical database www.pupmed.gov and 

textbooks in General Physiology and Biochemistry have been used for this letter.   

 

Summary: 
 

A review of published research indicates that shorter exposure (up to hours) to low inspiratory 

oxygen levels down to 14% O2 is well tolerated by healthy individuals. The hypoxia experienced is 

similar to the hypoxia to which aviation passengers are exposed in commercial aviation. There are 

international guidelines and consensus for the transport of patients, which state that even quite ill 

patients can travel without further action.  

By increasing the inspiratory carbon dioxide concentration to 3-4%, the tolerance for acute 

hypoxia is extended so that exposure to oxygen levels between 14% O2 to 10% O2 is also tolerated 

for a short time. Individual discomfort may be experienced in both general hypoxia and CO2-

compensated hypoxia.  

At the case level, indications have been found that CO2-compensated hypoxia in the range of 14-

10% O2 with 3-4% CO2 may have a beneficial effect for patients with chronic obstructive 

pulmonary disease (COPD) as well as in patients with sequalae after acute vascular brain injury. 

These are areas that in the near future will be the subject of focused research at e.g. Department 

of Intensive Care for Brain and Nerve Diseases, Rigshospitalet, Copenhagen.  

 

In practical terms, fire-fighting methods without the use of water are particularly relevant for 

intensive care and surgical sections, as immediate evacuation in connection with fire and fire 

alarms is very critical and practically impossible due to the patients' condition and connection to 

essential life support systems like respirators and cardiovascular inotropic agents.  
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Method: 

For this document, the recognized medical database www.pupmed.gov has been used with 

keywords: hypoxia, gas, cerebral blood flow, auto-regulation, metabolism, hypercapnia, 

normocapnia, toxic, poison, hazard, safe, mitochondria, human, in vivo, in vitro, oxygen 

concentration, partial pressure and oxygen as well as carbon dioxide in various combinations. The 

document is not made as a systematic review. Relevant abstracts are read, and full text extracted 

and applied. In addition, textbooks in general physiology have been used. 

Introduction: 

The human being is basically physiologically adapted to life near the sea surface, where the air 

pressure around us is set at 1 atmosphere (atm). The air we breathe has a fixed distribution of 

Nitrogen (N) of 78.08%, oxygen (O2) 20.95%, argon (Ar) 0.93%, carbon dioxide (CO2) 0.04% and a 

number of noble gases such as Neon and Helium.  

Despite our adaptation to life at sea level with pressures around 1 atm, man has always challenged 

physiology by moving up in altitude and down in depth. In the present review and discussion, it is 

the hypobaric environment (the low-pressure environment) that is in focus - the environment in 

which man finds himself in hiking to highlands and mountains and further with the help of various 

technological aids such as aircraft etc.  

For many years, we have taken advantage of some of the opportunities that arises when changing 

the ordinary air composition and targeting the composition with regard to very specific needs and 

requirements for a desired effect. This is seen, among other things, in the very widespread altitude 

training among athletes as pre-competition preparations (1, 2). The lower oxygen concentration in 

high altitude stimulates the body to increased production of red blood cells which are essential in 

the oxygen-carrying capacity of the blood and thus energy to the cells. Under medical auspices, 

increased pressure has been used in i.e. hyperbaric medicine, where the increased partial pressure 

of oxygen leads to an increased solubility of oxygen in the blood and thus greater oxygen supply to 

acutely and chronically suffering cells as seen with carbon monoxide poisoning (3-5) and radiation 

damage after cancer therapy(6-8) . 
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Other technological possibilities for the use of manipulated air composition in the normobaric 

environment is seen, among other things, in firefighting/extinguishing.  

Inhalation of air with lower oxygen composition is not a rare occurrence for people who do not 

reside in altitude. Every day, a large number of people are exposed to situations with lower 

oxygen supply (hypoxic level) through, for example, flights (9, 10) , fire protection systems, 

altitude training chambers (11) or stays in high altitude areas for work and leisure purposes(12, 

13). 

Oxygen is essential for energy production in the cells. The mitochondria are the cell's energy 

factory and can only function at an oxygen level above a given threshold. If the oxygen saturation 

in the blood falls below a given value (the threshold value), the energy-producing process in the 

mitochondria will initially switch to anaerobic metabolism and eventually stop.  

Oxygenation of body tissues is the result of several factors: atmospheric pressure, blood oxygen 

levels, blood haemoglobin levels, heart rate, pumping capacity, tissue perfusion, and tissue oxygen 

consumption. The lowest acceptable limit for low inspiratory oxygen levels can therefore not be 

determined solely on the basis of oxygen levels in the air or oxygen supply in the blood but is a 

combination of all the above parameters. 

 

If the oxygen concentration in the respiratory air (FiO2) is reduced at 1 atmospheric pressure, this 

is called isobar hypoxia. 

Hypobaric hypoxia is achieved when atmospheric pressure is reduced. This is seen by flying, hiking 

in mountains and altitude chambers. There are some minor physiological differences between 

simulated isobaric hypoxia and hypobaric hypoxia. This is most notable by large pressure 

differences such as space travel, etc. In these circumstances of hypobaric hypoxia, a reduction in 

the amount of the dissolved oxygen just as the reduction in physically bound one is seen. Within 

ordinary atmospheric conditions, this connection is not relevant in relation to personal safety and 

health. Therefore, isobaric hypoxia and hypobaric hypoxia are considered equal situations in this 

review. 
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Hypoxia 

 

Hypoxia is a condition with too little oxygen supply to the body's tissues. It is important to 

emphasize that mild hypoxia is not usually considered a health risk, thus prolonged 

intercontinental flights can be managed by the vast majority of people without this being 

associated with inconveniences or complications. 

Factors such as atmospheric oxygen level, duration of exposure, workload during hypoxia, 

possibility of acclimatization/adaptation, possibility of rapid evacuation, genetic selection 

(indigenous peoples in the highlands) together with the elevation of stay will affect the risk profile 

of exposure to hypoxia. Individual risk factors and chronic diseases also play a role and will be 

discussed later. 

 

The normal response of the human body to a sudden decrease in the oxygen supply to below 

14.5%, corresponding to an altitude above 3000 m above sea level is of a compensatory nature. 

Resting heart rate and respiratory rate are increased to compensate for the reduced oxygen 

supply. Blood pressure usually remains unchanged(14). 

Up to 5% of the population will respond to acute hypoxia with a decrease in blood pressure, slow 

heart rate and fainting, the so-called vasovagal syncope. This is often preceded by symptoms such 

as nausea, paleness and possibly cold sweats. In these people, fainting occurs more rapidly than in 

others at O2 concentrations in the range of 14.5-9.7%. However, fainting (syncope) is considered 

by some to be a neuroprotective reaction, as fainting reduces the brain's oxygen consumption and 

thus has a protective effect in the short-term hypoxic situation (on a cellular level). 

 

Short exposure to hypoxia  
 
This review is limited to situations of extremely short hypoxia defined by the medical organization 

Union Internationale des Associations Alpinism (UIAA). UIAA is an umbrella organization for 

activities in environments with low oxygen levels (rated at pressures below 1 atm). 

The term extremely short exposure to hypoxia covers situations such as civil aviation, 
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/ train traffic in high mountain areas, skiing, cable cars, altitude training chambers and therefore 

includes oxygen levels which is seen in fire containment/extinguishing.  

These activities occur most frequently at altitudes of 1800-2600 m above sea level, which 

corresponds to 17.4% -15% isobaric oxygen concentration applicable to outdoor activities and 

down to 9-13% isobaric oxygen concentration for research/training and altitude chambers. The 

time of exposure to hypoxia in these situations is limited; from a few minutes up to hours. The 

International Civil Aviation Organization (ICAO), has set a maximum limit for pressure 

corresponding to an equivalent altitude of 2400 meters, equivalent to isobar 15.2% O2, for cabin 

pressures in passenger aircraft. However, there is data to support the fact that airlines operate at 

lower than this, especially with modern aircraft (15). 

If people stay in an environment with a persistent oxygen level between 17.0-14.8% (+/- 0.2), the 

body shows an immediate slight adaptation to hypoxia with increased heart rate at rest. During 

prolonged stay, there is an increased production of the hormone erythropoietin in the blood. The 

level of when the body begins to adjust varies 17.4-15.5% O2, corresponding to 1500-2400m 

above sea level (16, 17). In summary, research shows that occupational exposure to oxygen 

concentrations down to 13% does not pose a health risk given short exposure times if defined 

precautions are followed (18, 19). 

In the context of acute hypoxia, the term "time for useful attention" is used to indicate how long 

you can expect to act rationally at a given elevation or oxygen concentration (20).  

For people who are professionally exposed to acute hypoxia, functional limits for exposure time 

and oxygen concentration have been set. It is not relevant in terms of time for usable awareness 

of extremely short exposure to equivalent altitudes/oxygen concentration up to 5000 m above sea 

level, corresponding to 11.1% O2. An important point is that the hypoxic environment can be 

abandoned by in situations of simulated hypoxia. At 5500 m above sea level, corresponding to 

10.4% O2, a functional time limit for usable attention has been set to about 30 minutes (21). 

People with medical conditions may experience discomfort and problems at such oxygen 

concentrations/heights (in addition to physiological compensation such as faster breathing and 

heart rate increase), while healthy individuals should tolerate this exposure without any problem. 

The duration of exposure here is too short to develop acute altitude sickness, and it is below the 

limit for when significant neurological risks occur. From the aeronautical literature, a limit of about 
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6,000 m above sea level has been set, corresponding to 9.7% O2, where one wants to maintain 

consciousness. This applies to healthy, young people who are sedentary and are suddenly exposed 

to elevation. At 8.5% O2, corresponding to 7000 m above sea level, the functional attention is 

estimated at 3-5 minutes (21). In normal individuals, tolerance to acute hypoxia improves with 

concomitant supply of CO2 to the inhaled air within these values (12.7-10% O2)(22). 

 

Physical work capacity during hypoxia  
 
Physical work increases the cellular oxygen demand and the hypoxia tolerance is consequently 

reduced (the threshold for when anaerobic metabolism is activated occurs earlier). At rest and at 

normal cardiac output, it takes each red blood cell (erythrocyte) approx. 0.75 second to pass the 

pulmonary capillaries, where gas exchange (carbon dioxide is excreted and oxygen is absorbed) 

takes place. 

This passage time is consequently reduced in connection with physical activity and is measured at 

extreme physical activity down to approx. 0.25 seconds. To saturate the blood with oxygen at a 

hypoxic oxygen concentration down 11.9% is approx. 0.50 second pass time required as a 

minimum. With increasing altitude and decrease in atmospheric pressure and consequently 

decrease in the inspired oxygen concentration (FiO2), the maximum physical performance 

decreases by 10-15% per 1000 m above sea level, depositing at about 1500 m above sea level. 

Studies also show that healthy individuals are able to perform hard physical exertion (defined as 

work > 200 W) for several minutes at isobar 11% oxygen concentration equal to approx. 5000 m 

above sea level (23-30).  

In commercial aircraft, altitude travel, etc., it is rare that hard physical work is sustained, and most 

activities are of very limited scope (estimated power  0.5-1.0 W/kg body weight). In these 

situations, there is no reason to believe that reduced FiO2 experienced in, for example, aircraft, 

will affect the human organism. 
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Hypoxia - how do patients with acute and chronic diseases respond? 
 
 
Cardiac disease 
 
Contrary to many people's beliefs, the heart is not the organ that carries the greatest risk when 

exposed to hypoxic situations. While heart muscle cells handle a high degree of hypoxia, it is the 

lungs that can become a limiting factor in a combined heart and lung failure (21) 

The chronic ischemic heart disease patient will experience a marginally reduced physical 

performance and a somewhat earlier onset of symptoms with chest pain (angina pectoris) than 

non-heart disease individuals exposed to equivalent hypoxia (31).  

Studies in patients with stable chronic heart disease have concluded that exposure to altitudes 

between 3000-3500 m above sea level (O2 concentration 14.5-13.6%) combined with moderate 

physical activity is generally safe (31-34). The International Air Transport Association (IATA) has 

prepared a manual for the transport of patients with chronic and acute illness. These are largely 

based on the hypoxic conditions a patient is exposed to during flight. For cardiac patients, flight 

without medical assistance or oxygen can be done in stable angina 10 days after a myocardial 

infarction and 2 days after coronary stenting of a cardiovascular disease (35). Thus, there is no 

evidence that hypoxia in the range within the scope of this paper is the acutely dangerous 

component for cardiac patients. 

 
Lung disorder 
 

Humans have a significant pulmonary reserve capacity, understood in such a way that even with 

very reduced functional lung volume, we can maintain a normal oxygen saturation in the blood. As 

a passenger and as a patient, people with lung disease have been subjected to extensive research 

in whit in the field of commercial aviation, which works with hypoxic environments and oxygen 

percentages down to approx. 15%. (36-44). 

In the Medical Manual of IATA a comprehensive guideline for transporting the lung sick patient. It 

is recommended (based on research and consensus in the organization) that COPD (chronic 

obstructive pulmonary disease) patients can fly unaccompanied and without oxygen if they can 
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walk > 50 meters on land without experiencing dyspnoea or shortness of breath (35). Mild lung 

disease also does not appear to limit the possibility of mountain sports, even for the elderly. This 

accounts up to altitudes above 2500 m above sea level, corresponding to 15.4% O2 (45). In 

patients with severe COPD, they have been shown to have an increased incidence of dyspnoea 

during flights than healthy individuals exposed to similar oxygen concentrations (46-48).  

For COPD patients with severe disease who experience reduced oxygen saturation under normal 

oxygen and pressure conditions, the following applies: if oxygen saturation <92% at sea level 

and/or who develop peripheral oxygen saturation drops to ≤84% after six minutes of gait test, use 

oxygen during flight. Scientific experiments from aviation confirm that patients with severe COPD 

may experience a decrease in O2 saturation, which is unacceptable. This is supported by clinical 

research where the significance of the partial pressure is considered significant. Thus, COPD 

patients may better tolerate isobar hypoxia than hypobaric hypoxia, allegedly due to the 

marginally reduced paO2 in hypobaric hypoxia (49) 

 

Anaemia 
 

The oxygen-carrying capacity of the blood can be affected by a number of different factors. 

Significant to the cells is that enough oxygen is delivered for the mitochondrial processes to run. 

Reduced transport capacity of oxygen in the blood may be due to blood loss, lower concentration 

of haemoglobin, poisoning with toxins that bind to both haemoglobin and cytochromes - (carbon 

monoxide and cyanide) that bind at the expense of oxygen. IATA's guideline recommends that 

passengers and patients have > 5.9 mmol/l haemoglobin in flight. A number of diseases that cause 

structural changes in the erythrocyte also affect its ability to bind and transport oxygen to the 

cells. Sickle-cell anaemia is a disease that must always have oxygen supplementation during flight 

due to the severely reduced oxygen-carrying capacity of the blood (35). 

Tobacco smokers have a chronically elevated carbon monoxide (CO) in their blood. The 

concentration can fluctuate from 1-10% without affecting the smoker. Carbon monoxide binds to 

haemoglobin approx. 300 times better than oxygen. This applies to the adult smoker. Foetal 

haemoglobin binds CO approx. 600 times better than oxygen but can better absorb and release 

oxygen to the foetal cells in hypoxic environment. Smokers are thus disadvantaged in acute 
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hypoxia, but the degree of hypoxia must be high, as many smokers fly commercial flights and 

earlier while smoking, without this having affected them. 

 

CO2 compensation 
 
Carbon dioxide (CO2) is a metabolically active gas and is regulated in several different ways in the 

human organism. CO2 has significant vasoactive effects on the cerebral vascular bed and thus 

significant for blood flow and oxygen supply to the brain. The regulation is controlled by central 

chemoreceptors which are sensitive to changes in the body's pH level (acid/base ratio) and thus 

react to the level of among other things H+ ions. Recorded pH shifts rapidly induce compensatory 

respiratory changes and later initiates the renal compensatory mechanisms. Oxygenation at 1 atm 

generally passively follows these effects dictated by CO2. In case of acute hypobaric hypoxia, the 

peripheral oxygen-sensitive chemoreceptors will stimulate the respiratory centre for increased 

activity. The increased respiration causes alveolar hyperventilation. This hypoxic hyperventilation, 

and its benefits at the alveolar level of O2, partially compensates for the lower supply at the lung 

and artery level. Nevertheless, the hypoxia-induced blood flow to the brain is partially limited, and 

in some cases exceeded due to the hypocapnic vasoconstriction of the cerebral vessels and thus 

significant reduction of the partial pressure of CO2 in the blood (50-53). CO2 has a direct effect on 

the cerebral arterioles (54). A decreasing paCO2, so-called hypocapnia, reduces the blood flow 

(the cerebral blood flow) due to vasoconstriction (55, 56). Significant hypocapnia can trigger flow-

compromising vasoconstriction to an extent that triggers reduced oxygen supply to the brain 

leading to unconsciousness and, in severe cases, irreversible infarctions. In neuro-trauma patients 

with increased intracranial mass action and thus increased intracranial pressure, paCO2 is 

significant and very controlling for the pressure in the brain. With reduced CO2, the intracerebral 

volume is reduced due to reduced intracranial blood volume. Therefore, it has previously been an 

obvious treatment strategy to hyperventilate patients, thereby reducing life-threatening pressure 

increases in the brain. However, studies paradoxically show that although intracerebral pressure 

decreases with hyperventilation, overall morbidity and mortality increase. Therefore, the 

treatment strategy is relevant to keep paCO2 tightly controlled around normal values in the 

seriously ill neurotrauma patient and allow increased paCO2 in non-pressure threatened patients. 
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If the patient has lung disease at the same time, the addition of CO2 overall can reduce the 

complications in this type of patient (57, 58). An addition of CO2 to inspired hypoxic gas (air) can 

reduce hypocapnic vasoconstriction and thus maintain cerebral blood flow and oxygen supply to 

brain tissue (55, 59).  

 

Research - Perspectives. 
 
Exciting research and treatment aspects within the use of hypoxic/normoxic gases supplemented 

with increased inspiratory CO2 are evident. There is quite good scientific evidence for the effect of 

CO2 on intracranial pressure and intracerebral blood volume, auto-regulation and flow (60, 61). At 

the Department of Intensive Care for Brain and Nerve Diseases, University Hospital of 

Copenhagen, Rigshospitalet, preparations have been initiated for formalized human and animal 

experimental research in the areas of cerebral thromboembolism (both acute and secondary to 

cerebral haemorrhage) in combination with CO2-enriched inspiratory air. There will also be a focus 

on variations in the so-called penumbra zone (marginal tissue around an infarction) and the 

association with inspiratory CO2. In addition, a project is planned with a focus on late effects after 

blood clots in the brain and treatment with CO2-enriched air. The work is thought of as 

interdisciplinary research between Neuroanesthesiologists, Neurologists, Neurosurgeons and 

Veterinarians.  

As a format for the research, 1-2 PhD´s are planned at the University of Copenhagen, SUND 

 

On the technical side, a research project with a focus on Intensive treatment and firefighting is 

envisaged. The Innovation Laboratory under Neuroanesthesia may here be a close collaborator as 

it has 2 full-scale intensive care units for conducting experiments with firefighting in an 

environment with potentially high oxygen concentrations. This is increasingly relevant in line with 

increasing treatment needs at Covid-19 patients, which needs high flow oxygen treatment in often 

closed isolation rooms. 
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Conclusion 
 

Based on the review of the general human physiology with a focus on the effect of oxygen and 

carbon dioxide on vessels in the brain and heart, in both healthy and in people with various 

medical conditions, it must be concluded that: Acute, short-term exposure to a hypoxic 

atmosphere with FiO2 down to about 14% is well tolerated by most people. As long as there is no 

simultaneous sustained hard physical exertion. There are implicitly significant individual tolerances 

for hypoxia (genetic, altitude adaptation, diseases, etc.) and differences in physiological response 

in acute hypoxia should therefore be expected. Research on the human response to FiO2 around 

14-12% has been thoroughly investigated, as it is the oxygen concentration of inspiratory air in 

commercial passenger flights. International consensus guidelines for both regular passengers and 

patient transports with significant co-morbidity have been made and emphasize the safety of 

regular air traffic. Thus, few conditions require oxygen supplementation during flight.  

The importance of total oxygen supply to the brain as well as the importance of paCO2 (FiCO2) is 

thoroughly elucidated in the neurosurgical and neuroanaesthesiological research. Thus, it is 

primarily patients with severe traumatic brain injuries, including increased intracranial pressure, 

who tolerate increased inspired CO2 poorly. For all patients not in risk of increased intracranial 

pressure, alveolar hyperventilation leading to vasoconstriction in the vessels of the brain in 

isolation poses a greater risk of morbidity and mortality. 

 

Based on the above, it must be considered probable that the risk of neurological and cardiac 

complications is minimal with short-term (30 minutes) exposure to CO2 compensated hypoxia 

within the limits seen in commercial aviation, altitude chambers and fire extinguishing systems 

(FiO2 about 14-10% O2). 

  

admin
Nyt stempel



 14 

References 
 

1. Lundby C, Robach P. Does 'altitude training' increase exercise performance in elite 
athletes? Exp Physiol. 2016;101(7):783-8. 
2. Mujika I, Sharma AP, Stellingwerff T. Contemporary Periodization of Altitude Training 
for Elite Endurance Athletes: A Narrative Review. Sports Med. 2019;49(11):1651-69. 
3. Kim SJ, Thom SR, Kim H, Hwang SO, Lee Y, Park EJ, et al. Effects of Adjunctive 
Therapeutic Hypothermia Combined With Hyperbaric Oxygen Therapy in Acute Severe Carbon 
Monoxide Poisoning. Critical care medicine. 2020;48(8):e706-e14. 
4. Thom SR. Hyperbaric-oxygen therapy for acute carbon monoxide poisoning. The New 
England journal of medicine. 2002;347(14):1105-6. 
5. Thom SR. Hyperbaric oxygen therapy for carbon monoxide poisoning : is it time to 
end the debates? Toxicological reviews. 2005;24(3):157-8; discussion 9-60. 
6. Bennett MH, Feldmeier J, Hampson NB, Smee R, Milross C. Hyperbaric oxygen 
therapy for late radiation tissue injury. The Cochrane database of systematic reviews. 
2016;4(4):Cd005005. 
7. Ceponis P, Keilman C, Guerry C, Freiberger JJ. Hyperbaric oxygen therapy and 
osteonecrosis. Oral Dis. 2017;23(2):141-51. 
8. Kirby JP. Hyperbaric Oxygen Therapy and Radiation-Induced Injuries. Mo Med. 
2019;116(3):198-200. 
9. Konya J, Spurgeon BEJ, Al Qaissi A, Sathyapalan T, Ajjan R, Madden L, et al. The Effect 
of a Simulated Commercial Flight Environment with Hypoxia and Low Humidity on Clotting, 
Platelet, and Endothelial Function in Participants with Type 2 Diabetes - A Cross-over Study. Front 
Endocrinol (Lausanne). 2018;9:26. 
10. Meyer MJ, Mordukhovich I, Wellenius GA, Mittleman MA, McCracken JP, Coull BA, et 
al. Changes in Heart Rate and Rhythm During a Crossover Study of Simulated Commercial Flight in 
Older and Vulnerable Participants. Front Physiol. 2019;10:1339. 
11. West JB. Early history of high-altitude physiology. Ann N Y Acad Sci. 2016;1365(1):33-
42. 
12. Luks AM, Swenson ER, Bärtsch P. Acute high-altitude sickness. Eur Respir Rev. 
2017;26(143). 
13. Sitko S, Cirer-Sastre R, López Laval I. Effects of high altitude mountaineering on body 
composition: a systematic review. Nutr Hosp. 2019;36(5):1189-95. 
14. Fornasiero A, Skafidas S, Stella F, Zignoli A, Savoldelli A, Rakobowchuk M, et al. 
Cardiac Autonomic and Physiological Responses to Moderate- intensity Exercise in Hypoxia. Int J 
Sports Med. 2019;40(14):886-96. 
15. Cottrell JJ. Altitude exposures during aircraft flight. Flying higher. Chest. 
1988;93(1):81-4. 
16. Gunga HC, Kirsch K, Röcker L, Schobersberger W. Time course of erythropoietin, 
triiodothyronine, thyroxine, and thyroid-stimulating hormone at 2,315 m. J Appl Physiol (1985). 
1994;76(3):1068-72. 
17. Sakata S, Shimizu S, Kishi T, Hirai K, Mori I, Ohno Y, et al. Correlation between 
erythropoietin and lactate in humans during altitude exposure. Jpn J Physiol. 2000;50(2):285-8. 
18. Angerer P, Nowak D. Working in permanent hypoxia for fire protection-impact on 
health. Int Arch Occup Environ Health. 2003;76(2):87-102. 

admin
Nyt stempel



 15 

19. Milledge J.S  KT. People with Pre-Existing Conditions Going to the Mountains, in 
Consensus 
Statement of the UIAA Medical Commission. 2008, Union Internationale Des Associations 
D'Alpinisme:. 
20.  Fundamentals of Aerospace Medicine 3rd ed 2002: Lippincott. 3rd2002. 
21. Küpper T, Milledge JS, Hillebrandt D, Kubalová J, Hefti U, Basnyat B, et al. Work in 
hypoxic conditions--consensus statement of the Medical Commission of the Union Internationale 
des Associations d'Alpinisme (UIAA MedCom). Ann Occup Hyg. 2011;55(4):369-86. 
22. Querido JS, Welch JF, Ayas NT, Sheel AW. Cerebrovascular Response to CO2 
Following 10 Days of Intermittent Hypoxia in Humans. Aerosp Med Hum Perform. 2015;86(9):782-
6. 
23. Taylor BJ, Coffman KE, Summerfield DT, Issa AN, Kasak AJ, Johnson BD. Pulmonary 
capillary reserve and exercise capacity at high altitude in healthy humans. Eur J Appl Physiol. 
2016;116(2):427-37. 
24. Hammond MD, Gale GE, Kapitan KS, Ries A, Wagner PD. Pulmonary gas exchange in 
humans during exercise at sea level. J Appl Physiol (1985). 1986;60(5):1590-8. 
25. de Mol P, de Vries ST, de Koning EJ, Gans RO, Bilo HJ, Tack CJ. Physical activity at 
altitude: challenges for people with diabetes: a review. Diabetes Care. 2014;37(8):2404-13. 
26. Hennis PJ, O'Doherty AF, Levett DZ, Grocott MP, Montgomery HM. Genetic factors 
associated with exercise performance in atmospheric hypoxia. Sports Med. 2015;45(5):745-61. 
27. Hoppeler H, Vogt M. Hypoxia training for sea-level performance. Training high-living 
low. Adv Exp Med Biol. 2001;502:61-73. 
28. Noakes TD. The limits of human endurance: what is the greatest endurance 
performance of all time? Which factors regulate performance at extreme altitude? Adv Exp Med 
Biol. 2007;618:255-76. 
29. West JB. Limiting factors for exercise at extreme altitudes. Clin Physiol. 
1990;10(3):265-72. 
30. West JB. Everest Physiology Pre-2008. Adv Exp Med Biol. 2016;903:457-63. 
31. Hoigné P, Gibbs JS. Can my patient with CVD travel to high altitude? Practitioner. 
2013;257(1760):27-30, 3. 
32. Dehnert C, Bärtsch P. Can patients with coronary heart disease go to high altitude? 
High Alt Med Biol. 2010;11(3):183-8. 
33. Donegani E, Hillebrandt D, Windsor J, Gieseler U, Rodway G, Schöffl V, et al. Pre-
existing cardiovascular conditions and high altitude travel. Consensus statement of the Medical 
Commission of the Union Internationale des Associations d'Alpinisme (UIAA MedCom) Travel 
Medicine and Infectious Disease. Travel Med Infect Dis. 2014;12(3):237-52. 
34. Richalet JP. [Altitude and the cardiovascular system]. Presse Med. 2012;41(6 Pt 
1):638-43. 
35. (IATA) IATA. Medical Manual2017. 
36. Josephs LK, Coker RK, Thomas M. Managing patients with stable respiratory disease 
planning air travel: a primary care summary of the British Thoracic Society recommendations. Prim 
Care Respir J. 2013;22(2):234-8. 
37. Shrikrishna D, Coker RK. Managing passengers with stable respiratory disease 
planning air travel: British Thoracic Society recommendations. Thorax. 2011;66(9):831-3. 

admin
Nyt stempel



 16 

38. Medical Guidelines for Airline Travel, 2nd ed. Aviat Space Environ Med. 2003;74(5 
Suppl):A1-19. 
39. Akerø A, Edvardsen A, Christensen CC, Owe JO, Ryg M, Skjønsberg OH. COPD and air 
travel: oxygen equipment and preflight titration of supplemental oxygen. Chest. 2011;140(1):84-
90. 
40. Christensen CC, Ryg M, Refvem OK, Skjønsberg OH. Development of severe 
hypoxaemia in chronic obstructive pulmonary disease patients at 2,438 m (8,000 ft) altitude. Eur 
Respir J. 2000;15(4):635-9. 
41. Gong H, Jr., Tashkin DP, Lee EY, Simmons MS. Hypoxia-altitude simulation test. 
Evaluation of patients with chronic airway obstruction. Am Rev Respir Dis. 1984;130(6):980-6. 
42. Dillard TA, Beninati WA, Berg BW. Air travel in patients with chronic obstructive 
pulmonary disease. Archives of internal medicine. 1991;151(9):1793-5. 
43. Coker RK, Shiner RJ, Partridge MR. Is air travel safe for those with lung disease? Eur 
Respir J. 2007;30(6):1057-63. 
44. Edvardsen A, Akerø A, Hardie JA, Ryg M, Eagan TM, Skjønsberg OH, et al. High 
prevalence of respiratory symptoms during air travel in patients with COPD. Respir Med. 
2011;105(1):50-6. 
45. Burtscher M. Endurance performance of the elderly mountaineer: requirements, 
limitations, testing, and training. Wien Klin Wochenschr. 2004;116(21-22):703-14. 
46. Edvardsen A, Ryg M, Akerø A, Christensen CC, Skjønsberg OH. COPD and air travel: 
does hypoxia-altitude simulation testing predict in-flight respiratory symptoms? Eur Respir J. 
2013;42(5):1216-23. 
47. Lebzelter J, Fink G, Kleinman E, Rosenberg I, Kramer MR. [Preflight assessment by 
hypoxic inhalation test in cardiopulmonary patients]. Harefuah. 2000;138(8):635-9, 711. 
48. Steurer J. [COPD and flying: which patients need oxygen?]. Praxis (Bern 1994). 
2013;102(3):176. 
49. Timms RM, Tisi GM. The effect of short-term oxygen supplementation on oxygen 
hemoglobin affinity in patients with chronic obstructive pulmonary disease. Am Rev Respir Dis. 
1985;131(1):69-72. 
50. Lahiri S. Physiological responses and adaptations to high altitude. Int Rev Physiol. 
1977;15:217-51. 
51. West JB. Respiratory and circulatory control at high altitudes. J Exp Biol. 
1982;100:147-57. 
52. West JB. Lactate during exercise at extreme altitude. Fed Proc. 1986;45(13):2953-7. 
53. West JB, Boyer SJ, Graber DJ, Hackett PH, Maret KH, Milledge JS, et al. Maximal 
exercise at extreme altitudes on Mount Everest. J Appl Physiol Respir Environ Exerc Physiol. 
1983;55(3):688-98. 
54. Ainslie PN, Duffin J. Integration of cerebrovascular CO2 reactivity and chemoreflex 
control of breathing: mechanisms of regulation, measurement, and interpretation. Am J Physiol 
Regul Integr Comp Physiol. 2009;296(5):R1473-95. 
55. Pierce EC, Jr., Lambertsen CJ, Strong MJ, Alexander SC, Steele D. Blood P-CO2 and 
brain oxygenation at reduced ambient pressure. J Appl Physiol. 1962;17:899-908. 
56. Markwalder TM, Grolimund P, Seiler RW, Roth F, Aaslid R. Dependency of blood flow 
velocity in the middle cerebral artery on end-tidal carbon dioxide partial pressure--a transcranial 
ultrasound Doppler study. J Cereb Blood Flow Metab. 1984;4(3):368-72. 

admin
Nyt stempel



 17 

57. Rossi N, Musch G, Sangalli F, Verweij M, Patroniti N, Fumagalli R, et al. Reverse-thrust 
ventilation in hypercapnic patients with acute respiratory distress syndrome. Acute physiological 
effects. American journal of respiratory and critical care medicine. 2000;162(2 Pt 1):363-8. 
58. Martínez-Pérez M, Bernabé F, Peña R, Fernández R, Nahum A, Blanch L. Effects of 
expiratory tracheal gas insufflation in patients with severe head trauma and acute lung injury. 
Intensive care medicine. 2004;30(11):2021-7. 
59. Lambertsen CJ. Chemical control of respiration at rest. In: Mosby: St. Louis M, editor. 
Medical Physiology1980. p. 1774-827. 
60. Peebles K, Celi L, McGrattan K, Murrell C, Thomas K, Ainslie PN. Human 
cerebrovascular and ventilatory CO2 reactivity to end-tidal, arterial and internal jugular vein PCO2. 
J Physiol. 2007;584(Pt 1):347-57. 
61. Ainslie PN, Celi L, McGrattan K, Peebles K, Ogoh S. Dynamic cerebral autoregulation 
and baroreflex sensitivity during modest and severe step changes in arterial PCO2. Brain Res. 
2008;1230:115-24. 

admin
Nyt stempel




