
 

 

 

 

FROSTBITE 

 

“A Moonlit Winter Landscape”, oil on canvas, Remi van Haanen, (1812-1894). 

 

“The carnage inflicted on the Swedish army during the nights amoung the snowdrifts under 

the open sky was more terrible than any which might have come from the battle Charles had 

sought”. 

 

Robert K. Massie, “Peter the Great”, winner of the Pulitzer Prize, 1980 

 

“...For I, the Hetman and faithful subject of Your Tsarish Majesty, by my duty and my oath of 

loyalty confirmed on the Holy Gospels, as I served your father and your brother, so now I 

serve you truly, and as up to this time I have remained before all temptations like a column 

immoveable and like a diamond indestructible, so now I humbly lay my unworthy service at 

your sovereign feet...” 

         

Mazeppa, Hetman of the Ukraine Cossacks, letter to Tsar Peter the Great, dated 1705. 



 

Thus did Mazeppa, Hetman of the Ukraine Cossacks, profess his devoted diamond-solid 

loyalty to his overlord Tsar Peter I in 1705. The note accompanied a Polish envoy bound in 

chains, who had approached the Hetman about the possibility of a secret alliance with King 

Charles XII of Sweden. Just three years later Mazeppa would join his Ukraine Cossacks with 

Charles’ invading army of Russia! At the opening of the Eighteenth Century, Sweden 

although a nation of barely two million souls, was a major military power that dominated the 

region of far North Eastern Europe and the Baltic. Its colonies, forts and dominions had 

turned the Baltic Sea, into a Swedish lake. The Swedish army superbly trained and 

disciplined, was led by one of the periods most dashing and charismatic Monarchs, King 

Charles XII. He led not only in name, but also in fact - Charles was widely considered second 

only to the great Duke of Marlborough as a commanding general in the field. 

 

Charles’s eventual downfall, indeed the beginning of the downfall of the Swedish hegemony of 

the entire region, came when he took a fateful decision to attack Russia, then considered a 

soft military target, in what the Russians would come refer to as “The Great Northern War”, 

(1700-1721) a war somewhat obscure to most today, as it occurred at the same time as the far 

better known War of the Spanish Succession, (1702-1713) which involved most of Western 

Europe. The decisive battle of the Swedish conflict with Russia was the battle of Poltava 

fought on 27th of June, 1709. The Swedes, of around 19,000 facing an overwhelming force of 

42,000 Russians were annihilated. Poltava was the blackest day in Swedish military history, 

indeed in all its history. It marked the decline of Swedish power in the Baltic. The news of 

Poltava was greeted with astonishment by the rest of Europe, as well as by the Ottoman 

Turks. Charles XII had been undefeated in battle till this time, and had achieved almost 

legendary status in the minds of most military commanders of the day. It was assumed that, 

even against these odds Charles would prevail over the poorly trained and poorly disciplined 

Russians. The Duke of Marlborough on hearing of the first rumors of a terrible Swedish 

defeat wrote in disbelief to his wife, “...We have no confirmation as yet of the battle between 

the Swedes and the Muscovites, but should it be true of the first being so entirely beaten as is 

reported, what a melancholy reflection it is that after constant success for ten years he 

(Charles XII) should in two hour’s mismanagement and ill success, ruin himself and his 

country”. 

 

With the hindsight of centuries we see now that Marlborough’s admonishments of 

mismanagement by Charles were somewhat harsh. The odds against Charles’s success were a 

lot longer than anyone realized at the time. Russia at this time was in fact no longer the “soft 

target” imagined by Charles’s contemporaries. Tsar Peter would become known to history as 

“The Great” for many reasons not the least of which was the modernization of the medieval 

kingdom he inherited. He transformed the Russian army into a modern fighting force. He 

single handedly created a Russian Navy. He was every bit as inspirational a leader on the 

field of battle, as Charles himself. The Russian troops that faced Charles at Poltava were a 

very different entity than were those of the then recent past. And yet, even the overwhelming 

numbers and the vastly improved discipline of the Russian army may have been overcome by 

Charles - were it not for a final decisive factor, overlooked again and again through the 

centuries by invading armies of the Russian homelands - its winter; a winter whose severity is 

unmatched by any place on the Earth, apart from the Arctic and Antarctic! 

 

The history of invading armies simply freezing to death on the vast Russian steppes in winter 

is a long one - much longer than most realize - long before Napoleon and long long before 



Hitler, Charles XII essentially suffered exactly the same fate as the Grande Army and the 

Nazis! The Russian winter before the battle of Poltava was the worst in living memory. 

Charles had decided to head towards the South in the hope of securing food supplies in the 

Ukraine, when a major re-supply mission from Sweden under general Lewenhaupt had failed 

to materialize, (they had in fact been attacked by the Russians).  By the time he had reached 

the region between Kiev and Kharkov, the deadly winter had set in. Both the Russians and the 

Swedes locked down into winter quarters, but the Swedes, a very long way from home and 

without the hoped for supplies they now desperately required were for the first time in the 

campaign at a distinct disadvantage. They were to be devastated by the ensuing winter. In 

historian Robert Massie’s words - “rabbits froze in their burrows, squirrels and birds fell 

dead from the trees, farm animals died rigid in the fields”. A young Swedish soldier recorded, 

“The cold was beyond describing, some hundred men of our regiment being injured by the 

freezing away of feet, hands, noses, even private parts, besides ninety men who froze to 

death...with my own eyes I beheld dragoons and cavalrymen sitting upon their horses stone 

dead with their reigns in their hands in so tight a grip that they could not be loosened until 

the fingers were cut off”. Massie continues; “Inside the town every house became a hospital. 

The patients were crowded onto benches near a fire or laid side by side on the floor covered 

by a layer of straw. Amid the stench of gangrene, the surgeons worked, crudely loping off 

frozen limbs, adding to the piles of amputated fingers, hands and other parts accumulating on 

the floor. The carnage inflicted on the Swedish army during the nights amoung the snowdrifts 

under the open sky was more terrible than any which might have come from the battle 

Charles had sought. Over 3000 Swedes froze to death, and few escaped being maimed in 

some way by frostbite”. By the time the summer months came, the Swedes were in a terrible 

state when the Tsar attacked them at Poltava. They fought incredibly bravely against 

overwhelming odds; they did not surrender until they had sustained well over fifty percent 

casualties.     

 

One of the reasons Charles went to the Ukraine was not only to gain food supplies, but also to 

enlist allies, one in the form of the Ukraine Cossacks, although notorious for their 

unreliability as allies, as Peter the Great himself would discover! Their Hetman, Mazeppa 

chose who he thought would be the winning side - Charles - though to his credit when 

Charles was defeated he still stood by him and joined him in exile in the lands of the Ottoman 

Turks - though this was probably more out of fear of retribution from the Tsar than from any 

true loyalty to an ally. The Cossacks proved unreliable to the Tsar in war; to the Swedes they 

proved unreliable in their advice in the treatment of frostbite! The Swedes noted that the 

Cossacks seemed a little less susceptible to the terrible effects of frostbite, and enquired if 

there was any advice they could give. According to Massie they advised the Swedes to rub ice 

on their frozen parts, a remedy popularly recommended until very recently! Charles did this 

for his nose and cheeks and apparently avoided frostbite. Twenty First century medicine 

would now say that rubbing of any sort must be avoided as this will increase tissue damage to 

frozen parts. It appears that Charles escaped frostbite not by good management, but by good 

fortune! It is more likely that the Cossacks, used to the Russian winter, were simply better 

acclimatized to it than were the Swedes. Yet an intriguing possibility still remains! It is now 

also well known that refreezing a frozen part after it has thawed can result in yet further 

damage. Perhaps Charles had actually kept his nose and cheeks well frozen until he got to his 

warm quarters, and thus avoided a refreezing injury!         

 

 

 



FROSTBITE 

 

Introduction 

 

Frostbite is a severe localised tissue injury resulting from environmental exposure to 

freezing (sub-zero) cold. 

 

Note that there are a number of conditions that can occur following exposure to non-freezing 

cold and damp environments which are not included in the strict definition of frostbite, - these 

are frostnip, perniosis (or “chilblain”) and immersion foot (or “trench foot”). 

 

If a partially thawed part is allowed to refreeze the extent of tissue damage is 

significantly increased. 
 

In severe cases, tissue necrosis and auto-amputation occur. 

 

Treatment consists of the avoidance of further tissue damage and gentle rewarming.  

 

In more severe cases surgical debridement or amputation will be necessary.  

 

A specialist burns unit is the best pathway of referral for severe injury. 

 

Pathophysiology 

 

Cause: 

 

Frostbite occurs as a result of: 

 

1. Exposure to extreme cold environments 

 

2. Prolonged direct exposure to ice on the skin  

 

● This can occasionally occur iatrogenically as a result of incorrect treatment 

 of soft tissue injuries. 

 

Physiological effects of cold on the peripheral circulation: 

 

Normal cutaneous flow is approximately 200 - 250 mL/min 

 

At 15°C, maximal vasoconstriction is reached and blood flow falls to around 20-50 mL/min 

 

Below 15° C, vasoconstriction is interrupted by periodic pulses of vasodilation which occur at 

3 - 5 times per hour and last 5 - 10 minutes. These pulses are more frequent and longer lasting 

in individuals who are more acclimatized to the cold, a mechanism perhaps helping to explain 

why some individuals are less prone to frostbite than others. 

 

At 10° C, neurapraxia occurs, resulting in loss of cutaneous sensation 

 



Below 0° C, cutaneous blood flow virtually ceases. Skin temperature rapidly drops. Smaller 

blood vessels (i.e., microvasculature) freeze before larger blood vessels, and the venous 

system freezes before the arterial system due to lower flow rates  

 

Pathology of freezing injury: 

 

Prolonged exposure to subfreezing temperatures results in the formation of both extracellular 

and intracellular ice crystals which can lead to cell damage resulting in the release of 

inflammatory mediators which further contributes to cellular damage, and cell death. 

 

This process occurs in 4 overlapping phases: 

 

1. Prefreeze: 

 

● This consists of tissue cooling with accompanying vasoconstriction and 

 ischemia, but does not involve actual ice crystal formation.  

 

● Neuronal cooling and ischemia produces hyperesthesia or paresthesia. 

 

2. Freeze-thaw: 

 

● In the freeze-thaw phase, ice crystals form intracellularly (during a more rapid-

 onset freezing injury) and/or extracellularly (during a slower freeze), causing 

 cellular damage. 

 

● The thawing process may initiate ischemia-reperfusion injury and an 

 inflammatory response. 

 

3. Vascular stasis: 

 

● In the vascular stasis phase, blood vessels may fluctuate between constriction 

 and dilation; and blood may leak from vessels or coagulate within them. 

 

4. Late ischemic: 

 

● The late ischemic phase results from progressive tissue ischemia and infarction 

 from a cascade of pathological biochemical events 

 

● Destruction of the microcirculation is the main factor leading to cell death. 

 

● The initial cellular damage caused by ice crystals and the subsequent post-

 thawing processes are made worse if refreezing follows thawing of injured 

 tissues. 

 

Predisposing factors: 

 

These include: 

 

1. Age extremes, (the very young, the elderly) 



 

2. Malnutrition 

 

3. Nature of exposure  

 

 ● Colder temperatures 

 

 ● Prolonged exposures  

 

● Apart from cold itself, wind and water will also increase the chances of 

 frostbite occurring. 

 

4. Physical exhaustion or injury. 

 

5. Dehydration 

 

6. Alcohol consumption. 

 

7. Lack of appropriate preparation for freezing conditions. 

 

8. Limb pathology: 

 

 ● Peripheral (sensory) neuropathy  

 

 ● Peripheral vascular disease    

 

 

9. This pathological process of frostbite is enhanced if refreezing follows a 

 partial thawing of the tissues. 

 

10 Previous frostbite 

 

Complications: 

 

These may include: 

 

1. Tissue loss (much greater with deep frostbite than with superficial frostbite. 

 

2. Victims of frostbite have an increased risk of recurrent frostbite from any 

 subsequent re-exposure to freezing conditions. 

 

3. Fascial compartment syndrome/ rhabdomyolysis.  

 

4. Infection, (more likely with deep frostbite) 

 

5. Permanent sensory loss or dysesthesias and poor cold tolerance in the affected 

 parts. 

 

 



Clinical features 

 

Frostbite can be classified as either: 

 

1. Superficial: 

 

Here only skin and subcutaneous tissues are involved. 

 

● Initial areas of mottled or pale, wax like numb skin.  

 

 Subcutaneous  tissue tends to  remain pliable 

 

Progressing to: 

 

● Surrounding oedema  

 

Progressing to: 

 

● Formation of large clear blisters  

 

Progressing to: 

 

● Dried out superficial eschar. Tissue loss, if it occurs, tends to be minimal and 

 superficial. 

 

2. Deep: 

 

Here skin, subcutaneous tissue, and deeper tissues including muscle, tendon, and 

bone are all involved. 

 

● Initial areas of mottled or pale, wax like numb skin.  

 

  The dermis tends not to be able to be rolled over bony prominences 

 

Progressing to: 

 

● Surrounding oedema  

 

Progressing to: 

 

● Formation of smaller haemorrhagic blisters.  

 

Progressing to: 

 

● Eschar formation over a week, which may involve deeper tissues including 

 muscle and bone.  

 

Progressing to: 

 



● Tissue loss is common. Auto-amputation may occur after a period of 

 weeks. 

 

Frostbite typically affects tissue with end-arterial supply, hence: 

 

● Fingers 

 

● Toes 

 

● Certain facial areas; ears, nose and cheeks. 

 

 

Severe frostbite in a 35 year old man found in a snowbank with an ambient temperature of 

negative 35 degrees Celsius. His hands and feet show the typical deathly waxy pale 

appearance of early frostbite. Despite treatment, the patient’s right hand, left middle finger, 

and left great toe were eventually amputated. 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gangrenous finger tips, due to the late changes of frostbite. 

 

 

 



Investigations 

 

Frostbite is a clinical diagnosis. 

 

Investigations are directed at any suspected secondary complications. 

 

MRI/ MRA may be useful to predict tissue viability and so assist in decisions on the extent of 

surgical debriding required of affected tissues. 

 

Management 

 

Prehospital setting 

 

1. Remove the victim from the cold environment 

 

2. Remove any wet clothing.  

 

3. Avoid trauma to the damaged tissue: 

 

● Do not walk on frostbitten feet unless absolutely necessary. 

 

● Do not vigorously rub the affected tissue. 

 

4. Re-warming: 

 

● This should commence immediately providing the warming can be maintained 

 and refreezing prevented. 

 

● Rapid rewarming results in better outcomes than slow rewarming. 

 

● Immerse the affected area in warm (i.e. comfortable when applied to the 

 back of the hand - to rescuer) water. 

 

 If a thermometer is available then temperatures of 38 - 40 degrees Celsius are 

 recommended. 

 

Alternatively:  

 

● Use body heat (e.g. place fingers under axillae or another person).  

 

● Forced warm air fans, if available. 

 

Do not use direct close proximity heat from hot stoves or fires to rewarm, (these may 

result in burns, unnoticed by insensate skin).  

 

On rewarming, (thawing): 

 

● A reactive hyperaemia is seen  

 



● A return of sensation occurs 

 

● The skin becomes soft and pliable. 

 

Thawing takes about 20 - 40 minutes for superficial injuries and up to 1 hour for deep 

injuries. A common error in this stage of treatment is the premature termination of the 

rewarming process because of reperfusion pain. 

 

5. Avoid refreezing injury: 

 

Thawing of frozen tissues by rewarming must not be attempted if there is a possibility 

that subsequent refreezing of the affected area may occur.  

 

If a partially thawed limb is allowed to refreeze the extent of tissue damage is 

significantly increased. 

 

Do not commence tissue thawing if subsequent refreezing of the tissue is a risk. 

 

Hospital setting 

 

1. Resuscitation: 

 

● Frostbite can be a severely deforming injury, but is not a lethal injury, and  so 

 other priorities of management relating to trauma or systemic 

 hypothermia, will constitute initial priorities of management. 

 

2. Analgesia: 

 

● Typically parenteral titrated opioid analgesia will be required. 

 

● To inhibit harmful prostaglandins oral non-steroidal anti-inflammatory 

 analgesia should also be administered unless there is a specific contra-

 indication to these agents. 1 

 

♥ NSAIDs are continued until the frostbite wound is healed or surgical 

 management occurs (typically 4-6 weeks). 

 

♥ Ibuprofen 400mg tds is one recommendation. 

 

3. Ongoing rewarming: 

 

● Immerse the affected part in warm water heated to approximately 38 to 40  ° C 

 (i.e. comfortable when applied to the back of the hand) for 15 - 30 minutes 

 until the affected tissue is pinkish and soft to the touch.  

 

4. Splint and elevate the affected part. 

 

5. Initial debridement: 

 



● Small clear blisters should be left intact, but larger haemorrhagic bullae 

 should be aspirated (but not debrided).  

 

● Any large bullae restricting motion at a joint should be debrided.  

 

6. Dressings: 

 

● There is some evidence for improved outcomes for superficial frostbite with 

 the use of aloe vera, (by reducing prostaglandin and thromboxane formation). 

 

 If available, topical aloe vera should be applied to thawed tissue prior to 

 applying dressings. 

 

● Use soft non-adherent dressings once the rewarmed skin is dry.  

 

● Soft padding should be placed between adjacent digits. 

 

7. Antibiotics: 

 

● There is no indication for routine prophylactic antibiotics, however, if 

 infection is apparent, parenteral antibiotics that include antipseudomonal 

 cover should be commenced. 1 

 

See latest edition of Therapeutic Guidelines 

 

8. Tetanus immunoprophylaxis: 

 

● This should be given, as clinically indicated. 

 

9. Surgery: 

 

● Early surgical debridement should be avoided. 

 

● Early experienced surgical consultation should be obtained.  

 

♥ Unnecessary early, aggressive surgery is more common by those 

 surgeons who lack experience in the management of frostbite.   

 

● Delineation of viable from nonviable tissue may not be apparent until 

 more than a week after rewarming. 

 

 ● Necrotic tissue must be debrided/ amputated 

 

● Wet gangrene (i.e. infected tissue, as opposed to the dry gangrene of 

 necrotic but uninfected tissue) is treated by antibiotics and urgent surgical 

 excision of the affected area. 

 

10. Adjunctive measures: 

 



Other potential treatments to consider following expert consultation include: 

 

● Intra-arterial thrombolysis 

 

● Papaverine (vasodilator) therapy. 

 

● Hyperbaric oxygen therapy. 

 

Disposition 

 

Most patients with frostbite will require at least short-term hospital admission for analgesia 

and wound care. 

 

All patients with deep frostbite should be referred for specialist care and close follow-up.  

 

In this regard a specialist burns unit is the most appropriate referral. 

 

Victims of frostbite should be advised of the increased risk of recurrent frostbite from any re-

exposure to freezing conditions. 
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