Hypothermia and outdoor activity
We’ve all been cold while in the outdoors, exposure to the elements is inevitable in a country like ours and feeling a bit cold for a short time is nothing to worry about. Hypothermia is when being cold progresses to being ill because you’re cold. 
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In warm blooded animals like humans, vital organs only function in a certain temperature range. Heat is carried from one part of the body to another by your bloodstream and your blood vessels control this movement by regulating flow to different areas. The main source of heat loss is from your skin so on a cold day less blood goes near the surface to keep the blood at your core warm. Other than feeling unpleasant, being a bit cold on the surface isn’t really a problem, but once the temperature at your core starts to drop your organs don’t work so well and you become increasingly unwell.

Heat is generated by metabolism in the body and lost from your skin in 4 ways, conduction, convection, evaporation and radiation.  The balance between heat production and loss regulates your body temperature.
Metabolism is the production of heat by chemical processes in the body, it increases with exercise and decreases during sleep. Carbohydrate and oxygen are essential to the process and depletion of either of these, through poor nutrition or exposure to high altitude can reduce the body’s capacity to generate heat.
Conduction is transfer of heat from one object into another object it’s touching, this happens faster in some materials than others. An example of this is lying on the ground outside; the ground is no colder than the air but conducts heat a lot faster so makes you cold quicker. Insulating yourself from the ground is an effective way of slowing your heat loss. Metals conduct especially quickly and can cause sudden freezing of the skin if touched in sub-zero temperatures.
Convection is when heat is carried away from you by a liquid or gas, the faster the flow, the faster the heat is carried, this is why you feel colder on windy days as the wind flowing over your skin carries the heat away. Water does this even more quickly so people doing water-sports are especially vulnerable if unprepared.

Evaporation is when a liquid becomes a vapour, water sitting on your skin evaporating will cool the skin quickly because the transition from one state to another requires energy, and this energy comes from you. This is useful on a hot day when your body keeps cool by sweating, but means you can get cold really quickly if it’s wet and windy. The rate of heat loss depends on temperature, wind speed and humidity. 

Radiation is the direct transfer of heat from a person into the environment by emission of infrared radiation, it occurs even when you are not touching anything else. It can account for up to 60% of human heat loss and is difficult to prevent with clothing. Layers of foil are the best way to prevent radiant heat loss but are impractical for most items of clothing1. Foil ‘blizzard’ bags prove this by providing an excellent warmth to weight ratio but are too sweaty and noisy for most of us to use routinely. You also gain heat by radiation which is evident standing in the sun compared to the shade even when the air temperature is the same.
Metabolism generates heat and when you exercise your metabolism goes faster thus generating more heat. You body uses this to keep warm, so when you’re cold your muscles start to exercise on their own without you telling them to. This is shivering. The combination of cold and exhaustion significantly increases the risk of hypothermia as you no longer have enough energy to keep warm. 

Avoiding hypothermia is better than trying to cure it; the best way to do this is by going into the outdoor environment well prepared. Putting insulation between yourself and the cold environment is the best way to keep warm. The type of insulation will depend a lot on what you are doing.
Air can carry warmth away from you by convection but is a very poor conductor of heat. Most insulation layers work by trapping air around your body and keeping it still to prevent convection. Light fluffy layers like down, wool, cotton or fleece combined with a denser less permeable layer on top achieve this well. This works nicely in cold, dry conditions but unfortunately staying dry isn’t all that easy. Even if it’s not raining, changes in conditions and activity levels can make us too hot and trigger sweating, this moisture spoils the efficiency of some types of insulation. Most synthetic fibres (and wool) are hydrophobic, this means that they keep water out of their fibres, retain some warmth when wet and dry quickly. Other natural insulation like cotton or down becomes waterlogged and suffers potentially dangerous loss of efficiency.
Striking the right balance is important, most of the time we have to carry these insulating layers. Carrying too many means travelling slower, exposing ourselves to the elements for longer and increasing the risk of becoming exhausted. The best way to get this balance right is by experience, talk to people who spend a lot of time in the sort of conditions you are going to and see what they wear and what they carry. Take into account personal differences though, some people are more tolerant of cold weather than others.
Some people accept the risk of hypothermia, carry minimal kit and rely on moving fast to keep warm. This can work but is an approach suited to experienced people who know what the conditions are like and know they can keep up the physical exercise until they are back to shelter. Other people burden themselves with enormous amounts of kit, ‘just in case’ and have an unpleasant time hauling a huge heavy backpack everywhere.

Ok, so you’ve misjudged it this time and a member of your group is starting to get really cold, the best way to warm them up depends on how bad their hypothermia is. There have been several different ways to stage hypothermia but one of the more popular ones is illustrated on the table below. The core body temperature is included but you don’t need to measure this in the wilderness as you can judge the stage by their appearance.
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	Stage 1
	Alert, feeling cold, shivering uncontrollably
	Increase insulation, exercise to generate heat and reach shelter, give warm sugary food and drink if possible

	
	
	
	

	32°C
	
	
	

	
	Stage 2
	Drowsy, confused, un-coordinated, stops shivering
	Evacuate lying down if possible, attempt external re-warming. Can give food and drink if able to swallow safely.

	
	
	
	

	28°C
	
	
	

	
	Stage 3
	Unconscious (no response to pain), breathing and pulse present.
	Keep horizontal, maintain airway, insulate and re-warm as possible. Likely to need internal re-warming in a hospital.

	
	
	
	

	24°C
	
	
	

	
	Stage 4
	Looks dead, no obvious pulse or breathing, dilated pupils.
	As stage 3 but commence CPR if you can continue it as far as hospital, if not delay starting until you can.

	
	
	
	

	13°C
	
	
	

	
	Stage 5
	Is dead, as above but muscles of chest and abdomen frozen and rigid.
	If you’ve got the stage right then there is no treatment that can help. If unsure treat as stage 4 and hope you’re wrong.

	
	
	
	

	
	
	
	


Swiss society of mountain medicine criteria3 
In the stage 1 the best way to warm someone up is to let their body do it naturally, put on warm dry layers of clothing if you have them and their own shivering will warm them up. Rather than wasting energy on shivering they can get warm by doing light exercise like walking down from the mountain or collecting firewood which has the advantage of getting them out of the cold environment too. If they progress to stage 2 then they don’t have the energy to warm themselves up and further exercise will only make them weaker, they need to be removed from the cold environment and warmed up by an external heat source. Ideally anyone with stage 2 or later should be warmed up in a hospital where they can be monitored properly, if this is not possible prevent further cooling and get them to shelter. 
The body’s response to changes in posture is reduced at this temperature and it is best to evacuate them on a stretcher as they may lose consciousness if suddenly moved into an upright position. The electrical conduction of the heart is also impaired and heart rhythm abnormalities can occur, these can be triggered by sudden changes in position or rough handling. Food may give them the energy to start shivering again and they can improve to stage 1 but be careful feeding anyone who is drowsy or confused as there is an increased risk of choking. If you try to re-warm them with an external heat source be careful, their skin may be numb and it’s easy to burn them near a fire or stove. Hot water bottles can be used, but  try them on yourself for a minute to make sure they’re not too hot; heat will be most effective in places where there are large blood vessels close to the skin (under arms, neck, groin). Another person’s body heat can help to warm them up but take care not to make them too cold in the process1. Beyond this there is little you can do in the field, hospitals can warm people quickly using heated air blankets, warm intravenous fluids and more advanced techniques2.
At very low temperatures victims may lose consciousness, their skin may become pale and cold and pulses will be weak and hard to feel. Advancing stages of hypothermia can mimic death and in some cases it can become difficult to tell if they are still alive. If there are no signs of life then it may be necessary to perform CPR, the decision making here is more difficult than for other causes of cardiac arrest. If you can perform CPR and keep doing it until you reach a hospital then this will give the best outcome, if your environment makes this impossible then it is best not to start until you can continue. Starting chest compressions and then stopping again could be fatal if the heart is still beating. If you are an advanced life support provider then there are a few modifications to the protocol for hypothermic patients. Below a core temperature of approximately 30 degrees drug distribution and metabolism is very different; avoid all drugs until you have warmed to a core temperature of greater than 30 degrees2. Your shocks are less likely to terminate an arrhythmia in the profoundly cold heart so if your initial shocks are unsuccessful then further shocks should be delayed and CPR continued until the core temperature is beyond 30 degrees. This will take a lot of time and effort but there are a number of well documented cases of people surviving from this stage so don’t give up too easily.
It is difficult to tell the difference between stage 4 and 5, if there is another obvious and non-reversible cause of death then it is appropriate not to attempt resuscitation. Tests can be performed in hospitals to help with this but the decision often has to be made before getting to hospital and the rescuer has to weigh up the small likelihood of successful resuscitation with the risks involved in attempting evacuation.
Hypothermia will often co-exist with other injuries as an individual in the wilderness immobilised by injury can no longer exercise to generate heat, even if hypothermia is not the main problem it must always be considered. Patients seen in hospital with major trauma are 3 times more likely to die if they have hypothermia as well as traumatic injuries.4
Hypothermia usually has a slow and insidious onset and progression, an exception to this is hypothermia caused by cold water immersion which can happen more quickly. Falling from a boat or through ice into cold water can rapidly cool the unprepared individual although in these cases the cause of death is far more commonly drowning than the effects of the cold. Onset of hypothermia even in icy water takes about 30 minutes; the sudden deaths seen in these cases are actually due to shock and cold incapacitation causing drowning. On sudden cold exposure your first response is to take a sharp intake of breath, when this occurs on falling into water you risk choking. After this it is common for people to hyperventilate and panic which further increases your chance of drowning, then the cold starts to slow down your muscles until you are unable to continue swimming. If you survive all this then hypothermia can develop. As a result by far the best way to survive in icy water is to wear a life jacket and try to stay calm. Try and get out of the water in the first few minutes while you still have useful movement. If you are unable to get out of the water then staying afloat and still until you can be rescued is the best way to survive. Not having to swim or tread water not only saves energy but also keeps you warmer as you don’t move the water around your body to lose heat by convection.1
Alcohol, some diseases and medications or even old age can increase your risk of getting hypothermia; this is because they impair the ability of you blood vessels to respond to temperature. Alcohol excess can also lead to bad decision making and makes assessing the stage of hypothermia more difficult so is best avoided in cold environments. There is no easy way to tell if your friend is confused, drowsy and uncoordinated because they have had too much to drink or because they are hypothermic.
Hypothermia is a risk even when you don’t think the environment is that cold, it is especially dangerous in water or when you are wet and exposed to wind. Prevention is better than cure so think about the risks you are taking and go into the wilderness well prepared.

Dr Chris Sloan
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