
 

HYPOTHERMIA 

 

“Marshal Ney Supporting the Rear Guard During the Retreat from Moscow” oil on 

canvas, Adolphe Yvon, 1856, Manchester Art Gallery. 

 

“Napoleon’s Retreat from Moscow, 1812”, oil on canvas, Adolf Northern, 1851. 

 



Despite the magnificent heroism of Marshal Ney, the Russian “generals” November & 

December take a terrible toll on Napoleon’s Grande Armée as it retreats from Moscow, 

in 1812. 

 

 

“...After the twenty-eighth of October when the frosts began, the flight of the French 

assumed a still more tragic character, with men freezing, or roasting themselves to death 

at the campfires, while carriages with people dressed in furs continued to drive past, 

carrying away the property that had been stolen by the Emperor, kings, and dukes; but 

the process of the flight and disintegration of the French army went on essentially as 

before. 

  

From Moscow to Vyazma the French army of seventy-three thousand men not reckoning 

the Guards (who did nothing during the whole war but pillage) was reduced to thirty-six 

thousand, though not more than five thousand had fallen in battle. From this beginning 

the succeeding terms of the progression could be determined mathematically. The French 

army melted away and perished at the same rate from Moscow to Vyazma, from Vyazma 

to Smolensk, from Smolensk to the Berezina, and from the Berezina to Vilna - 

independently of the greater or lesser intensity of the cold, the pursuit, the barring of the 

way, or any other particular conditions. Beyond Vyazma the French army instead of 

moving in three columns huddled together into one mass, and so went on to the end. 

Berthier wrote to his Emperor (we know how far commanding officers allow themselves 

to diverge from the truth in describing the condition of an army) and this is what he said:  

 

“I deem it my duty to report to Your Majesty the condition of the various corps I have 

had occasion to observe during different stages of the last two or three days’ march. They 

are almost disbanded. Scarcely a quarter of the soldiers remain with the standards of 

their regiments, the others go off by themselves in different directions hoping to find food 

and escape discipline. In general they regard Smolensk as the place where they hope to 

recover. During the last few days many of the men have been seen to throw away their 

cartridges and their arms. In such a state of affairs, whatever your ultimate plans may be, 

the interest of Your Majesty's service demands that the army should be rallied at 

Smolensk and should first of all be freed from ineffectives, such as dismounted cavalry, 

unnecessary baggage, and artillery material that is no longer in proportion to the present 

forces. The soldiers, who are worn out with hunger and fatigue, need these supplies as 

well as a few days’ rest. Many have died these last days on the road or at the bivouacs. 

This state of things is continually becoming worse and makes one fear that unless a 

prompt remedy is applied the troops will no longer be under control in case of an 

engagement”. 

 

November 9: twenty miles from Smolensk:  

 

After staggering into Smolensk which seemed to them a promised land, the French, 

searching for food, killed one another, sacked their own stores, and when everything had 

been plundered fled farther. They all went without knowing whither or why they were 

going. Still less did that genius, Napoleon, know it, for no one issued any orders to him. 

But still he and those about him retained their old habits: wrote commands, letters, 

reports, and orders of the day; called one another sire, mon cousin, prince d’Eckmuhl, 

roi de Naples, and so on. But these orders and reports were only on paper, nothing in 



them was acted upon for they could not be carried out, and though they entitled one 

another Majesties, Highnesses, or Cousins, they all felt that they were miserable 

wretches who had done much evil for which they had now to pay. And though they 

pretended to be concerned about the army, each was thinking only of himself and of how 

to get away quickly and save himself....” 

 

Lev Nikolayevich (Leo) Tolstoy, “War and Peace”, 1869.  

 

Only General Berthier has the courage to report the total disintegration of the Grande 

Armée, to Napoleon.  

 

Due to the Russian burning of Moscow before the French occupation of it, Napoleon is 

unable to feed his immense army. He has no alternative but to retreat. During the retreat 

the Russian winter sets in. Hypothermia, frostbite and disease principally in the form of 

typhus, now act with starvation to cause a complete breakdown in order, discipline and 

morale. The Grande Armée had invaded Russia with well over 600,000 men in June of 

1812, by far the largest army in history, which would not be matched again until the 

industrial scale armies of the First World War. By December of 1813, about 25,000 

desperate and pitiful remnants staggered into Vilnius, Lithuania.  

 

In 2002, while bulldozing some old Soviet barracks, in Vilnius, municipal workers were 

stunned to uncover a mass grave containing thousands of skeletons. At first it was 

thought that perhaps the remains were those of Jews or soldiers massacred by the Nazis 

during the time of the Second World War. But the mystery deepened when it became 

apparent that the remains were far older than this time period. Bits of old faded 

unfamiliar uniforms were found, and then French coins dating from the late Eighteenth 

and early Nineteenth century. Finally when a helmet plaque, with the remains of a 

tricolour cockade and an imperial eagle upon it was unearthed, it was apparent that the 

remains were those of soldiers of the Grande Armée of Napoleon Bonaparte, the last 

remnant of those who had made it back to Vilnius after the terrible winter retreat from 

Moscow. The workers were immediately ordered to halt their work, and the entire area  

instantly became an archaeological site, and today is the focal point of major 

archaeological museum. The Lithuanian government allowed samples of the remains to 

be sent to the UK, where a leading British pathologist, Dr Mike Richards, oversaw an 

extensive forensics analysis. The remains were all from seemingly strong young men, 

none of whom died of traumatic injury as one would expect to if see sustained in battle. 

All had died of varying degrees of disease, starvation and hypothermia. It seems that of 

those small numbers that reached Vilnius, even the majority of these eventually 

succumbed to the traumas of their desperate march across the vast frozen Russian steppe. 

 

After the burial site had been thoroughly explored and preserved, a solemn and poignant 

reinterment ceremony was held, attended by ambassadors not only from France but also 

from every European nation that had contributed to the makeup of Napoleon’s Grande 

Armée of 1812, including Poles, Austrians, Germans, Swiss, Italians, Portuguese, Croats 

- a moving tribute to the hundreds of thousands of young men who lost their lives in a 

horrific conflict, over two centuries ago. 

 

 

 



HYPOTHERMIA 

 

Introduction 

 

Hypothermia is defined as a core body temperature of less than 35 
0
 C. 

 

It may be missed in patients who present for other reasons, unless it is specifically looked 

for. 

 

A range of generally accepted drug and other treatment modalities used to manage 

normothermic patients will often be problematic in the hypothermic patient and may 

require modification. 

 

Physiology 

 

In warm blooded animals, the hypothalamus stimulates a compensatory response to cold 

exposure by activating: 

 

● Shivering:  

 

♥ Shivering can increase metabolic rate up to 5 times, producing increased 

 endogenous heat, but ceases once glycogen stores are depleted or the body 

 temperature falls below 30 º C. 

 

● An increase in thyroid and catecholamine activity to stimulate heat production.  

 

● Peripheral vasoconstriction, which redirects blood flow from the body surface 

 where maximum heat loss occurs. 

 

Pathophysiology  

 

As the body core temperature lowers from the normal range there is progressive organ 

dysfunction and eventual death.  

 

The level at which this occurs varies between individuals. 

 

Classification of Hypothermia 

 

Hypothermia is defined as a core body temperature of less than 35 
0
 C. 

 

It is classified into three groups: 

 

Mild: A core temperature of 32 
0
 C - 35 

0
 C.  

 

● The body copes with various thermogenesis compensating mechanisms 

 including shivering. There may be some mild slowing of all physiological 

 functions. 

 

 



Moderate: A core temperature of 29 
0
 C - 32 

0
 C. 

 

● Here there is a progressive failure of thermogenesis compensating  mechanisms.  

 

Severe: A core temperature of less than 29 
0
 C. 

 

● Compensatory mechanisms fail and the body temperature approaches that  of the 

 surrounding environment (poikilothermia). 

 

Causes 

 

1. Excessive heat loss (This is the result of 4 processes, radiation, conduction, 

convection and evaporation): 

 

● Environmental exposure. 

 

● Multitrauma. 

 

● Generalized dermal lesions, severe burns, and erythrodermoid 

 conditions. 

 

● Water immersion: 

 

Note here that duration and water temperature both play important roles in 

the pathophysiology of hypothermia associated with immersion.  

 

Death may in fact occur within minutes in very cold water (< 5
o
 C), 

although this isn’t from core hypothermia, rather it is from immersion 

syndrome, (abrupt onset of cardiac arrhythmia due to cold water exposure) 

or from neuromuscular dysfunction resulting in drowning. Core 

hypothermia may still take over an hour in water this cold.     

 

Even in water up to 21
o
 C, core hypothermia can occur if the exposure is 

prolonged enough (many hours). 

 

2. Inadequate heat production: 

 

Nutritional: 

 

● Starvation / malnutrition. 

 

Hypo-endocrine states: 

 

 Hypothyroidism (myxoedema) 

 

 Hypoadrenalism 

 

 Hypopituitarism. 

 



3. Thermoregulatory centre dysfunction: 

 

● Hypoglycaemia 

 

● Severe sepsis 

 

● Drugs, alcohol, phenothiazines 

 

● CNS disease in general, stroke, infection, tumour, Wernicke’s 

 encephalopathy. 

 

Cold Diuresis: 

 

Exposure to cold stimulates peripheral vasoconstriction to conserve heat.   

 

Shunting of circulation centrally produces an elevation of blood pressure which in turn 

inhibits antidiuretic hormone (ADH or vasopressin), increasing urine volume. A “cold 

diuresis” results with consequent dehydration.  

 

Clinical Features 
 

Although hypothermia is most common in colder climates with environmental exposure, 

severe accidental hypothermia can also be seen in the metropolitan regions, with infants, 

the elderly and the socially isolated being at highest risk. 

 

A common hypothermia scenario in the metropolitan regions is the elderly person found 

confused on the floor in winter. Considerations here must also be given to the possibility 

of stroke, trauma (especially hip fractures) and intracerebral bleeds and to the possibility 

of rhabdomyolysis. 

 

The following is a guide. In practice there can be wide individual variation, which may in 

part be related to previous acclimatization. 

 

Mild Hypothermia: 

 

● Compensatory mechanisms are active: 

 

♥ Shivering 

 

♥ Increased metabolic rate 

 

♥ Tachypnoea 

 

♥ Mild increases in heart rate, blood pressure and cardiac output. 

 

● Skin is cold to touch. 

 

● Dysarthria, to variable degrees may be seen. 

 



● Mild confusion, apathy and ataxia. 

 

●  “Cold diuresis” (inhibition of ADH). 

 

Moderate Hypothermia:  

 

1. The predominant feature is the progressive loss of compensatory mechanisms. 

 

● Shivering ceases. 

 

● Increasing muscle rigidity. 

 

● Declining thermogenesis. 

 

2. Progressive decline in physiological functions: 

 

● Altered mental state, apathy, and confusion or decreasing conscious state. 

 

● Depressed neurological function, dilation of the pupils, and loss of 

 reflexes. 

 

● Declining metabolic rate (at 28 
0
 C it will be 50 % of normal). 

 

● Continuing CVS depression, with the development of arrhythmias, 

 including: 

 

♥ Reducing cardiac output. 

 

♥ Arrhythmias, most commonly junctional bradycardia or slow AF. 

 

♥ Prolonged QT (with possible torsade). 

 

♥ Development of J waves on the ECG. 

 

● Decreasing respiration. 

 

 ● Ileus. 

 

Severe Hypothermia: 

 

In severe hypothermia there is complete failure of thermoregulation. 

 

The body adopts the temperature of the surrounding environment (poikilothermia) and 

loses the ability to rewarm spontaneously.  

 

Signs of life may become almost undetectable. 

 

1. Severely depressed neurological function, including: 

 



● Coma (including reduced EEG activity) 

 

● Fixed and dilated pupils 

 

● Areflexia. 

 

2. Respiratory depression, apnoea. 

 

3. Myocardial effects: 

 

● Profound depression of myocardial function, with bradycardia, 

hypotension and life threatening arrhythmias, VF (especially at 22 
0
 C) 

and asystole, (especially at 18 
0
 C) 

 

In a field setting, where measuring core temperature is not possible, “moderate” 

and “severe” may be grouped together (as “profound”) in distinction to a “mild” 

hypothermia, as they typically share the readily assessed clinical features of absence 

of shivering and an altered mental state.  

 

Further Complications: 

 

1. Reduced drug metabolism: 

 

● The pharmacokinetics and pharmacodynamics of many drugs,

 including adrenaline and insulin, are substantially altered or unknown at 

 low body temperatures. 

 

2. Resistance to electrical defibrillation or cardioversion. 

 

3. The myocardium becomes “irritable” and rough handling of the patient may result 

 in arrhythmias including VF. 

 

Less commonly, the following have also been reported, however the direct causal 

relationship with hypothermia is less certain:  

 

4. Renal failure 

 

5. Rhabdomyolysis 

 

6. Coagulopathy (DIC) 

 

7. Pancreatitis. 

 

Factors which may identify the Non Salvageable Patient: 
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The following factors have been put forward, although their clinical utility is 

questionable. 

 

● A serum potassium greater than 10 mmol / L. 



 

● A core temperature less than 6 
0
 Celsius. 

 

● A core temperature less than 15, 
0
 Celsius if there has been no circulation  for > 2 

 hours. 

 

● A venous pH of < 6.5. 

 

● Severe coagulopathy. 

 

● Intracardiac clots on thoracotomy. 

 

● Failure to obtain venous return on ECMO. 

 

Investigations 

 

ECG 

 

ECG changes include: 

 

● Development of the J or “Osborne” wave:  

 

Serial hypothermic ECG changes showing J waves. 
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♥ This is an extra upward deflection between the R and the T wave. It is 

 often fused with the downstroke of the QRS complex, (see above). 

 

♥ Its rounded convex upward contour helps distinguish it from an RSR 

pattern. Together with the spike of the QRS, may form a typical “spike 

and dome” appearance. 

 

♥ It may be confused for a T wave with a short QT interval, however the 

 later actual T wave will still be seen. This T wave may be inverted. 

  

♥ It is best seen on V3 and V4. 

 

♥ J waves, although seen in hypothermia, are non-prognostic, and non-

 specific. 

 

● Non specific T wave changes 

 

● Prolongation of all phases of the cardiac action potential, including the QT 

 interval with a subsequent risk of Torsade 

 

● Arrhythmias: 

   

 ♥ Sinus bradycardia (common). 

 

 ♥ Slow AF (common). 

 

 ♥ Terminally: PEA, VF, asystole or VT. 

 

● Muscle shivering artefact in mild cases. 

 

Blood tests: 

 

1. FBE: 

 

● Haematocrit may be increased due to haemoconcentration (secondary to 

the cold diuresis). 

 

2. U&Es and glucose: 

 

● Hyper or hypoglycaemia may occur. Muscle glycogen is the substrate 

 preferentially used to generate heat by shivering and so all hypothermic 

 patients will need glucose. 

 

● Additionally, insulin is less active at temperatures less than 30 
0
 C and this 

 may result in mild degrees of hyperglycaemia. 

 

3. Coagulation profile 

 



4. LFTs 

 

5. Lipase 

 

6. CK/ myoglobin 

 

7. ABGs: 

 

● Note that it is currently recommended that the ABG results should be 

 interpreted at face value, rather than attempting to adjust them according 

 to the patient’s temperature. 
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Other investigations are not routinely required in hypothermia. They should be done as 

clinically indicated. 

 

CT Scan Brain: 

 

Patients with profound hypothermia will usually have an altered conscious state. 

 

The threshold for CT scan of the brain should be low, especially if the patient does 

not improve with rewarming. 

 

If the patient does not respond within a reasonable time frame, secondary pathology or 

indeed the causative pathology should be sought with a CT scan of the brain. 

 

Management 

 

Initial General Measures: 

 

1. Immediate attention to any ABC issues. 

 

2. IV fluids: 

 

 ● Volume will generally be needed (due to cold diuresis).  

 

 ● These should be warmed. 

 

Sodium chloride 0.9% solution warmed to approximately 40 to 42 ºC is 

the preferred fluid choice, and should be administered cautiously as the 

patient rewarms and their intravascular space expands.  

 

A relative level of hypotension can be normal in hypothermia - it is 

important to be aware of this and to regularly reassess fluid requirements 

as the patient rewarms to avoid intravascular fluid overload. 

 

3. Electrolyte and glucose disturbances: 

 

● Correct hypoglycaemia, mild hyperglycaemia requires no special 

treatment. 



 

Glucose is required as an energy substrate in all hypothermic patients. If 

glucose cannot be taken orally, then some should be administered 

intravenously
. 5

 

 

See latest Therapeutics Guidelines for suggested regimes of glucose 

administration. 

 

● Electrolyte concentrations may change rapidly and unpredictably with 

 rewarming, and should be monitored closely. Any electrolyte disturbances 

 should be corrected. 

 

4. Gentle handling of patient: 

 

● Rough handling especially in the profoundly hypothermic may precipitate 

 arrhythmias. 

 

5. Establish monitoring:  

 

 ● Continuous ECG.  

 

 ● Pulse oximeter. 

 

 ● Core temperature monitoring: 

 

Body core temperature may be measured at a number of sites, including 

oesophageal, tympanic, bladder and rectal.  

 

Standard thermometers are often unreliable below 34 ºC.  

 

Infrared tympanic thermometers are unreliable in a field setting, however 

they do seem to correlate well with core temperature in hospitalized 

patients, (possibly because most hypothermic ED patients have cooled 

relatively slowly allowing temperatures to equilibrate throughout the 

body).    

 

An oesophageal probe is the most reliable method, but typically this is 

only possible in a ventilated patient. 

 

Ongoing core temperature monitoring urinary catheter devices such as the 

Curity 12 French Foley urinary catheter with temperature probe, is 

often the most practical device as it is most easily placed.  

 

● End tidal CO2 monitoring in intubated patients. Recordings will read 

 lower than at normal temperatures and are therefore more difficult to 

 interpret. 

 

 ● CVCs: 

 

http://online.tg.org.au/ip/


Note that central lines should be avoided in the profoundly hypothermic 

patient (due to the risk of precipitation of arrhythmias) A short femoral 

line is a good alternative if central access is required.  

 

6. Look for and treat as necessary any coexistent trauma / pathology. 

 

7. Arrhythmias: 

 

●  Benign arrhythmias, such as sinus bradycardia, slow AF, other atrial 

 arrhythmias and transient ventricular arrhythmias are common 

 physiological responses in hypothermia and require no specific treatment 

 other than rewarming.  

 

● Most cardiac arrhythmias associated with hypothermia will resolve 

 spontaneously with rewarming.  

 

● Antiarrhythmic drugs are not generally indicated unless malignant 

 arrhythmias are present. Although there is limited evidence to support any 

 specific drug, magnesium seems to hold some promise to treat ventricular 

 arrhythmias associated with hypothermia. 
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Rewarming: 

 

Rewarming is the definitive treatment.  

 

The techniques used will depend on the patient’s core temperature, clinical status and the 

available resources. 

 

Rewarming in Mild Hypothermia 

 

Simple passive techniques are usually all that is required in these cases, providing the 

patient has retained the physiological capacity to shiver and to generate body heat. 

 

They include the following: 

 

1. Protection from the environment and especially from any wind (to reduce 

 evaporative and convective losses) 

 

2. Removal of any wet clothing, (water has 25 times the thermal conductivity of air) 

 

3. Drying the patient. 

 

4. Provision of an insulation blanket, (shiny side in).  

 

 ● This will reduce radiative, evaporative and convective losses. 

 

5. Warm drinks, if able to be tolerated are helpful. 

 

 



Rewarming in Moderate Hypothermia 

 

Here the patient’s thermoregulatory mechanisms begin to fail and so in addition to the 

above passive techniques for rewarming more active measures must also be taken to 

assist the patient in achieving a core temperature of at least 32 
0
 C. 

 

Active external measures include: 

 

1. Radiant heat sources. 

 

● This may include immersion in warm water in some circumstances (for 

 patients who will not require any other medical interventions) or close 

 body to body contact when in the field. 

 

2. Forced Air-Blanket devices. The device is usually set at 43 
0
 C. 

 

3. Warm bathwater immersion is discouraged in these patients, as this impairs the 

 overall ability to properly manage and monitor the hypothermic patient. 

 

Active internal measures include: 

 

1. Warmed and humidified inhaled oxygen therapy.  

 

 This can be done via specific delivery devices.  

 

● Humidification of the inspired oxygen is important to help reduce 

 evaporative losses from the respiratory tract and because dry air has 

 relatively low thermal conductivity as compared to humidified air.  

 

 ● The heating coil on the device should be set at 40-42 
0
 C. 

 

2. Warmed IV fluid therapy.  

 

● A specialized heating device is best. The heating coil in the warming 

 device is generally set between 40-42 
0
 C. 

 

 ● Alternatively fluid bags stored in a blanket warmer may be used. 

 

 ● Note that IV administered fluids should never be microwaved. 

 

Possible theoretical problems with the two external techniques (radiant heat and forced 

air blanket) have been said to include “the afterdrop” phenomenon and “rewarming shock 

and acidosis”. These concerns however have little, indeed probably no, clinical 

relevance. 

 

Rewarming in Severe Hypothermia 

 

Generally severe hypothermia responds well to a combination of all the above methods 

used for mild and moderate hypothermia. 



 

On occasions, if there is an inadequate response to these measures or if the patient is 

particularly unstable, especially with respect to the cardiovascular system, including the 

“arrested” patient, then more aggressive invasive active internal techniques may be 

necessary to rapidly achieve a core temperature of at least 30
 
degrees

 
Celsius, (a level 

below which more malignant arrhythmias may occur). 

 

Options here include: 

 

1. Extra Corporeal membrane oxygenation, (ECMO), if available. 

 

● This is the best means of rapidly rewarming a patient (up to 7.5 
0
 C per 

 hour) as well as providing a circulation and oxygenation in the arrested 

 patient. 

 

2. If ECMO is not available then, left pleural lavage with warmed normal saline via 

an intercostal catheter should be tried. 

   

Cardiac Arrest in Hypothermia: 

 

Cardiac arrest presents a particular dilemma in the severely hypothermic patient. At core 

temperatures of less than 29 
0
 C, signs of life can be extremely difficult to detect.  

 

“Rough handling” is said to predispose to VF or other malignant arrhythmias. The 

dilemma has been put that if the patient appears to have no pulse, yet has a “perfusing” 

rhythm  (a form of PEA), then should CPR be commenced with the subsequent risk of 

inducing a worse rhythm such as VF?  

 

Current consensus opinion suggests that the “rough handling” issue has been 

overstated, particularly in relation to intubation which is now considered safe. The 

issue more probably more relevant in the prehospital setting where issues such as 

the helicopter winching of patients to the horizontal position are encountered.  

 

If a monitored patient appears to be in cardiac arrest with no detectable pulse, despite the 

presence of a “perfusing” rhythm, then CPR should be commenced. The proviso to this is 

that a very careful effort should be made to detect the presence of a pulse first, (at least 

45 seconds should be taken to do this) 

 

An unmonitored patient in the field is another issue. If after a very careful examination 

for a pulse, there is none, then CPR should be commenced. The proviso to this is that 

further medical assistance will be possible within a reasonable time frame. 

 

In cardiac arrest it should be further noted that the severely hypothermic patient 

will be resistant to both drug and electrical therapies. If there is no initial response 

to these then further attempts are unlikely to succeed until rewarming has occurred 

to at least 32 
0
 C. 

 



There are well-documented cases of complete recovery from very prolonged 

hypothermic cardiac arrest, and prolonged resuscitative attempts are warranted in 

the hypothermic patient. 

 

Disposition 

 

The presence of concomitant trauma or illness will influence disposition for any given 

case. 

 

Mildly hypothermic patients can be managed as outpatients after a period of emergency 

department care. 

 

Patients with moderate or severe hypothermia will need admission, and may need 

admission to an intensive care unit or high dependency unit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Some remains found at the archaeological site discovered at Vilnius, Lithuania  in 2002. 

The bones were all of young men who had not died of traumatic injury - rather from 

combinations of disease and hypothermia.  
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