



 



Photo: Everest from Kala Pattar
Adrian Coombes
Although we may not have our own Alps, Andes and Himalayas, there are increasing numbers of Irish reaching higher altitudes. 75% of the respondents of this years MCI survey revealed that they have engaged in mountaineering activities in mainland Europe and 31% have ventured to some of the greater ranges. With the rising influx of tourists to altitude in recent years, the prevention and management of altitude-induced illness has become of increasing importance to trekkers, skiers, expedition doctors, general practitioners and travel medicine specialists. There are three different types of illness; acute mountain sickness, high altitude cerebral oedema and high altitude pulmonary oedema, with considerable overlap between the syndromes. Acute mountain sickness being the most prevalent and often the forerunner to the other two life-threatening illnesses and will be focussed upon in this article.
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Figure 1: High altitude mountain regions of the world
High Altitude

High altitude can mean anything above the height 1500m, but in the medical field it is more defined and based on alterations in human physiology. From 1500m to the summit of Everest (8850m), there are three different altitude levels with different physiological reactions occurring at each. As low-level dwellers, we are optimally equipped for existence at normal air pressure of 760 mm of mercury, with an oxygen concentration of 21%. With increasing altitude, the concentration of oxygen remains the same, but the atmospheric pressure decreases and with this the partial pressure of oxygen falls. This means that the number of oxygen molecules per breath is greatly reduced and this in turn reduces the amount of oxygen available to the blood and tissues in the body. At the summit of Mont Blanc (4807m), the highest mountain in Western Europe, the partial pressure of oxygen is about half of that at sea level and on the summit of Mount Everest (8850m), it is one third of sea level pressure (See figure 2). For climbers and trekkers at such altitudes, the lack of oxygen may cause illness that is potentially life threatening. Reports from Nepal have revealed that the mortality of trekkers is about 14 per 100,000, with 25% of these attributed to altitude illness.



Figure 2: Changes in barometric pressure and inspired oxygen partial pressure with increasing altitude
Acclimatisation
On arrival at altitude, there are a number of physiological changes that occur, which enable the body to function optimally in the low oxygen environment. This process by which individuals gradually adjust is known as acclimatisation. The initial and most important adjustments are an increase in the frequency and depth of breathing. This begins to occur at altitudes of about 1500m. The heart pumps faster and blood pressure rises. Red blood cell production increases, resulting in an increased haemoglobin concentration, which is required to pick up[image: image3.jpg]


 oxygen and transport it around the body. These mechanisms are to ensure increased oxygen delivery to cells and efficiency of oxygen use. At sea level our blood is 98% saturated with oxygen and this decreases to 89% at 3000m and reaches as low as 40% on the summit of Everest. Puls-oximeters are small, light-weight devices that are use to monitor physiological responses to altitude by measuring oxygen saturation and heart rate (See figure 3).

Figure 3: Measuring oxygen saturation and heart rate with a Puls oximeter
Altitude research examining different physiological parameters is conducted on expeditions, or by simulation either in decompression chambers or by breathing in air from bags that contain less oxygen. The latter procedure has been used at the University of Limerick and results from such experiments are displayed in Figure 4. This graph shows the increase in heart rate and decrease in oxygen saturation with increasing altitude when a person is at rest. With exercise such as trekking or back country skiing, these responses are further augmented.



Figure 4: Cardiovascular responses to simulated Altitude at rest
At medium altitude (1500-2500m) oxygen saturation remains above 90% but altitude illness is possible. At high altitude (2500-5300m) oxygen saturation falls below 90%, altitude illness is common and acclimatisation is necessary. Acclimatisation in adults is possible up to about 5000-5500m but above this elevation there is a fine balance between adjustment to altitude and deterioration. Above 8000m no acclimatisation occurs and prolonged exposure is incompatible with survival!

	Altitude levels

	1500 - 2500m
	Medium Altitude
	Adaptation is sufficient

	2500 - 5300m
	High Altitude
	Adaptation is not sufficient - acclimatisation is necessary (AMS)

	5300 - 8848m
	Extreme Altitude
	Acclimatisation is not possible


Figure 5: Acclimatisation at the different altitude levels.
Acute Mountain Sickness (AMS)
Rapid accent to high altitudes often results in the syndrome known as acute mountain sickness (AMS). The first recording of mountain sickness was in the History of the han Dynasty (Ban gu) in 30 BC, where Chinese travellers named their climbed mountains "Mount Greater Headache, Mount Lesser Headache and Fever Hill". However, Thomas Holmes Ravenhill was the important pioneer in high altitude medicine due to his publication of a landmark paper in 1913 that included the classification of AMS that is still in use today. It also included the first accurate descriptions of high altitude pulmonary oedema (HAPO) and high altitude cerebral oedema (HACO).

At elevations between 2500m and 5000m, about 20% to 90% of those who are not adapted to high altitude will experience mild symptoms of AMS. The prevalence of AMS in the Swiss Alps ranges from 9% at 2850m to 53% at 4559m. In the Mount Everest region, approximately 50% of trekkers who walk to altitudes above 4000m over five days develop AMS, while 84% of those who fly directly to 3860m are affected.

Males and females are similarly affected. Anyone regardless of age and fitness venturing to higher altitudes can develop AMS. Ravenhill (1913) stated ' There is in my experience no type of man of whom one can say he will or will not suffer from puna (AMS). Most of the cases I have instanced were young men to all appearances perfectly sound. Young, strong and healthy men may be completely overcome.' As mentioned previously, there is an increase in breathing frequency when one is exposed to lower oxygen environment. This natural response is known as the hypoxic ventilatory response (HVR) and there is some evidence to suggest that people with a low HVR are more liable to develop AMS. However, the well-known mountaineers Messner and Habeler, who were the first ever to climb Everest without supplementary oxygen, both had low HVR's and were interestingly not susceptible to AMS. This makes it difficult to determine if you will suffer from AMS or not. Recent experiments conducted on Mount Mc Kinley have revealed that subjects with a lower oxygen saturation develop AMS. EEG activity also provides a potential predicting tool, although not yet fully established. Psychologists have also examined methods of predicting susceptibility and have found that highly anxious individuals are more sensitive to developing AMS.

	Symptoms of AMS

	Headache 

	Fatigue 

	Nausea 

	Vomiting 

	Loss of appetite 

	Dizziness 

	Irritability 

	Disturbed Sleep 


Table 1: Symptoms of AMS
AMS is a benign self-limiting illness. Its symptoms in decreasing order of frequency include headache, insomnia, anorexia, nausea, vomiting, disturbed consciousness and unusual fatigue. They appear gradually 12-24 hours after arrival at altitude and begin to decrease in severity by the third day. The number of symptoms as well as their severity, rapidity of onset, time course and durations has been found to vary markedly among individuals. A bad attack of AMS is not trivial and it has notable but reversible effects on physiology. The actual mechanisms underlying AMS is still as yet not clearly understood. The lack of oxygen is obviously the starting point in its genesis, but not the immediate cause, since the symptoms are delayed by several hours.

At altitude, there is an increase in blood flow to the brain, which causes the blood vessels to dilate and increase blood pressure. This was considered to be the main cause of high altitude headache, the predominant symptom of AMS. However, recent studies have revealed that the increased blood flow is not responsible, but is linked to the activity of chemical messengers in the body. The series of events involved is quite complicated and will not be discussed here.

Prevention of AMS
The golden rule in avoiding AMS is a graded ascent and not to go too high, too fast, thus allowing time for acclimatisation to occur. Although this is common knowledge to most mountaineers, many factors such a limited holiday time, bad weather condition and the increase in high altitude roads and rapid ascents with cable cars cause this basic rule to be ignored or forgotten. Currently it is recommended that above 3000m each night should average not more than 300m above the last, with a rest day every two or three days (or every 1000m). It is very important to not ascend any further if experiencing symptoms of AMS and that descent should be considered until symptoms are relieved. There are many different pharmacological preventative methods of acquiring AMS, although it should be emphasised that careful planning to incorporate regular rest days and to avoid rapid ascents usually obviates the need for the use of drugs.

The prescription drug Diamox has been in use for over thirty years as preventative medication for high altitude sickness. It stimulates an increase in breathing, thus helping to maintain oxygenation and aiding acclimatisation. Many dose regimes have been effective with the most common being 250mg twice daily starting at least 24 hours before ascent above 2500m. However, there are possible side effects that include tingling of the lips and fingertips, blurring of vision and alteration of taste. Dexamethasone is a steroid drug that is also used to prevent AMS, although it is not as popular as Diamox and does not aid acclimatisation. The recommended dose for adults is 4 mg every six to eight hours and should be taken at least 24 hours prior to ascent. Short term use of dexamethasone is relatively free of side-effects, although it is usually associated with a euphoric feeling that may mask symptoms of HAPO and HACO. Simpler and drug free methods such as increased fluid, carbohydrate and garlic intake!!!!! (keep away the vampires!) have also shown to be effective in prevention of AMS.

Treatment of AMS
Hackett, one of the main researchers in high altitude physiology said ' It's okay to get AMS, but it is not okay to die from it!' Many people tend to ignore some of the milder symptoms, thinking that they will pass and ascend to higher altitudes. This can have detrimental effects, so if there is ever any doubt, appropriate treatment should be administered and further ascent should be avoided at all costs. Mild AMS can be treated with rest to facilitate acclimatisation. Mild and severe AMS sufferers can use drugs such as aspirin, ibuprofen and naproxen to alleviate high altitude headache.

Supplementary oxygen and treatment in a portable hyperbaric (high pressure) chamber such as the Gamow bag are effective in relieving symptoms and are very useful where descent is not possible. After about 1-2 hours in the bag, a person's body chemistry will reset to the lower altitude. However, these bags can be quite expensive and bulky to transport (See Figure 6)
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Figure 6: The Gamow Bag (portable hyperbaric tent)

	MILD AMS

	Rest (stop further ascent)

	Aspirin or paracetamol to relieve heachache

	SEVERE AMS

	Descent

	Oxygen

	Diamox


Table 2: Treatment of AMS
Thus at altitude, it is very important to listen and pay attention to your body. If you are planning a high altitude holiday, do please heed to the necessary precautions mentioned above. It cannot be overemphasised that descent remains the most important and only definitive treatment for all forms of altitude illness. This descent should be to an altitude lower than where symptoms began. But remember that the best preventative method is to avoid a rapid ascent and if this is not possible, drug administration should be considered and exertions during the first few days after arrival should be minimised.



Figure 7: Training at High Altitude (Monte Rosa Plateau-at 4100m)



Figure 8: Exercising at simulated altitude (4267m)
(Physiology Laboratory at the University of Limerick)
If you have any questions or queries regarding Altitude Sickness, training or otherwise please contact me at:

Catherine Mary Quinn,

Dept. of PESS,

University of Limerick,

Limerick
 e-mail: catherinemaryquinn@ireland.com
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