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ABSTRACT

Introduction: Freezing cold injuries (FCI) are a common risk in extreme cold weather operations.
Although the risks have long been recognised, injury occurrences tend to be sparse and
geographically distributed, with relatively few cases to study in a systematic way. The first
challenge to improve FCI medical management is to develop a common nomenclature for FCI
classification. This is critical for the development of meaningful epidemiological reports on the
magnitude and severity of FCl, for the standardisation of patient inclusion criteria for treatment
studies, and for the development of clinical diagnosis and treatment algorithms.

Methodology: A scoping review of the literature using PubMed and cross-checked with Google
Scholar, using search terms related to freezing cold injury and frostbite, highlighted a paucity of
published clinical papers and little agreement on classification schemes.

Results: A total of 74 papers were identified, and 28 were included in the review. Published
reports and studies can be generally grouped into four different classification schemes that are
based on (1) injury morphology; (2) signs and symptoms; (3) pathophysiology; and (4) clinical
outcome. The nomenclature in the different classification systems is not coherent and the
discrete classification limits are not evidence based.

Conclusions: All the classification systems are necessary and relevant to FCl medical manage-
ment for sustainment of soldier health and performance in cold weather operations and winter
warfare. Future FCl reports should clearly characterise the nature of the FCI into existing
classification schemes for surveillance (morphology, symptoms, and appearance), identifying risk-
factors, clinical guidelines, and agreed inclusion/exclusion criteria for a future treatment trial.
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Introduction
force useless [5,6]. Neglecting the challenges of oper-

Injuries caused by or related to cold weather have
claimed many human lives and resulted in various
debilitating injuries for civilian and military personnel
[1-7]. A simple solution to lowering medical risks in
cold weather would be to avoid cold exposure but,
for some professions, including the military, this is an
assumed risk. An increasing proportion of cold
weather novices are facing injury risks as interest in
extreme cold regions grows. This includes the austere
and severe Arctic environment because of current
patterns of climate change, commercial interests,
and increasing security threats [8,9].

Military activity requires soldiers to master cold
weather conditions to operate successfully, as cold
weather has the potential to render a potent fighting

ating in cold weather conditions may negatively influ-
ence operational effectiveness and pose a risk both
to the mission and the larger force. For the military,
effective prevention and management of cold
weather injuries is vital to sustaining the force.

Freezing cold injury, also labelled frostbite, repre-
sents a key debilitating injury with a risk of tissue
loss. To better prevent and treat these injuries,
a consistent nomenclature to describe the severity
and extent of injury is needed. This is important for
injury surveillance, to determine associated injury
risk factors, and for treatment algorithms, ensuring
the most effective salvage of injured tissue accord-
ing to the proper classification of the nature of the
injury.
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The North Atlantic Treaty Organization (NATO) is
a political and military alliance that includes specific
interests in military operations in cold weather regions
[10,11]. Within NATO, the Science and Technology
Organization (STO) [12] sponsors research task groups
under specialised panels. The Human Factors and
Medicine Panel (HFM) appointed a Research Task
Group (RTG 310) to provide the scientific basis for the
sustainment of soldier health and performance in cold
weather operations and identify critical research gaps.

The national representatives of the HFM-RTG-310
constitute a broad range of scientists and clinicians.
Among the priorities of this research group,
a common nomenclature for FCl is urgently needed
to track medical issues and to properly classify inju-
ries for treatment or experimental interventions.

Most Cold Weather Injury (CWI) publications deal
with acral portions of the body that are most suscep-
tible to freezing cold injury (FCI) (i.e. ears, nose, fingers,
hands, toes, and feet). However, an initial PubMed
review of this body of literature revealed significant
discrepancies in the description and assessment of FCl
and even what defines an FCl. Even where aspects of
pathophysiology, treatment, and outcome were thor-
oughly outlined, the NATO panel did not find any com-
mon agreement for military activities in nomenclature,
nor any common diagnostic criteria for FCI.

One important task for the RTG 310 is to inform
NATO leadership on the existing strategies that have
been reported for FCl classification. From this literature,
the subcommittee summarised and reported here the
classification strategies that may be useful for FCl mon-
itoring and management.

The aim of this paper is to present a position paper
regarding classification systems for FCl, from the per-
spective of military activities.

Method

A subcommittee of the HFM 310 workgroup conducted
a scoping review of existing literature on FCl classifica-
tion schemes. The literature scan was performed using
PubMed and augmented with Google Scholar. Search
terms included relevant PubMed MeSH headings and
related terms including “cold injuries”, “freezing cold”,
“cold ischaemia”, “extreme cold exposure” along with
“injury classification”, “diagnostic criteria”, and “prog-
nostic criteria”.

The reference lists of relevant articles were further
cross-referenced until reaching redundancy with no
further new relevant articles emerging.

In total 74 papers were identified with the given
search terms and in the cross-references. Papers

without abstract (n=9), in other languages than
English (n=19), or with content other than classifica-
tion (n=18) were excluded. The scoping review was
based on the remaining 28 papers.

Results and discussion
Existing systems of FCI classification

FCl has numerous clinical pictures ranging from injuries
with discrete and minor signs that resolve completely,
to injuries that result in major limb amputation [10].
Patients with FCI frequently also present with multi-
system injuries [11]. The symptoms and signs from FCl
vary greatly; the long-term sequelae [4,10,12-16] have
been little explored [17], and the timeline for sponta-
neous recovery can take several weeks and months [18].

This paper has identified the following systems of FCI
classification according to:

e morphology of the injury
e symptoms and signs

¢ pathophysiology

e outcome of FCI

Classification according to morphology (degree/
level) of injury

Traditionally, frostbite has been classified into dif-
ferent degrees/levels analogous to the classification
of burn injuries [10]. If only the dermal layer is
involved in an FCl, the injury has traditionally been
regarded a superficial FCI, subdivided into 1°* degree
and 2" degree. A freezing process involving the
subcutaneous layers and/or deeper into muscles,
tendons, and bones is classified as a deep FCl, sub-
divided into 3™ degree and 4th degree (Table 1)
[1,7,10,19-21].

If only the outer layer of the skin is frozen (intra-
dermal lesion), the injury is regarded as a 1°' degree
FCl [12]. In a 2" degree FCl, the total level of
dermis is affected involving dermal fluid areas
resulting in blisters, superficial erosions, and

Table 1. Classification of FCI according to morphology.

Morphology/level
Supefficial 7%t Partial intradermal frostbite
frostbite degree
ond Complete dermal frostbite
degree
Deep frostbite 3" Injury down into the subcutaneous tissue
degree
4th Injury to deeper structures (i.e. muscles
degree and bone)




possibly skin necrosis. If the FCl develops into the
subcutaneous level, a 3" degree FCI develops invol-
ving subcutaneous vessels resulting in haemorrhagic
blister formation, and dermal necrosis. At ond
degree, and particularly at 3™ degree, the nerves
and pain receptors in the subcutis are involved and
pain is gradually reduced. If the injury develops
deeper beneath the subcutaneous layer a 4™
degree FCI will occur with full- thickness oedema
and subsequent freezing of all the deeper anatomi-
cal structures and no pain [10].

An alternate 2-tiered morphological classification
into superficial and deep has been proposed to simplify
classification for field use, particularly before diagnostic
imaging and hospital assessment. This classification dif-
fers between superficial FCI (= no or minimal anticipated
tissue loss) and deep FCI (= anticipated tissue loss)
[22-24].

Classification of FCI according to symptoms and
signs

Symptoms and signs of FCl in superficial/mild frostbite
are challenging as the symptoms fluctuate, making an
exact early diagnosis difficult. For deep/severe frostbite,
somewhat clearer clinical criteria are provided [20].
Table 2 presents some major clinical symptoms and
signs in FCl.

Frostnip is a white patch on the skin that diminishes
or disappears immediately if the skin is warmed up in
time and is regarded as a mild form of FCI [11]. Frostnip
rewarmed within 30 min of appearance has been found
to resolve completely [25]. Frostnip is considered dis-
tinct from the more serious frostbite but may precede it
[7]. The understanding of a frostnip being totally clini-
cally reversible [25] has been challenged as sequelae
also is reported from FCl grade 1 [1]. When frostnip lasts
for more than 30 min, it might represent a greater risk
of sustaining a new/further FCl, especially in the follow-
ing weeks.

The scientific literature indicates that the classifica-
tion of FCl according to symptoms and signs is
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a mixture of morphological signature, and clinical
symptoms and signs [10].

Classification according to pathophysiology

The aetiology of FCl is complex as multiple pathophy-
siological processes are involved [17] with FCI classified
at different stages of its pathophysiology [10,22,25].
These stages overlap and the changes depend on the
freezing rate, the duration of freezing, and the extent of
injury and thawing. The distinction and naming of the
phases are not totally agreed upon in the literature.

Stage 1 is called the pre-freezing stage occurring
before ice crystal formation in the tissue [12]. Skin
sensation is lost at skin temperature around 8°C, and
further cooling involves microvascular constriction and
the arteriovenous anastomoses (AVA) shunting distal
blood flow [26]. The vasoconstriction is usually followed
by cold-induced vasodilatation (CIVD), also named the
“hunting response’, to protect the extremities from
cold injury, unless the core body temperature is low
[27], or the fact that the CIVD fatigues and thus likely is
transient.

Stage 2 is the formation of extra-cellular ice crystals
when the temperature in the human tissue has reached
a level of —0.55°C [2,19,28,29]. The electrolyte content
of the human tissue lowers the freezing point of skin
slightly below the freezing point of water (0°C). Stage 2
has also been labelled the freeze-thaw phase, often
recognised when temperatures fluctuate around 0°C.
The risk of FCl increases with lower tissue temperatures
and the probability of FCl is about 95% at a tissue
temperature of —4.4°C [30]. The rate and duration of
the cooling process in the human tissue might alter due
to skin-moisture [31,32], peripheral vasoconstriction,
contact with supercooled liquids (f.i. petrol) [5] conduc-
tive heat-loss (f.i. very cold metal surfaces) [33], and
convective heat-loss [34]. One important thermal con-
vection factor is the wind chill temperature (WCT) [35]
(Figure 1).

The WCT is dependent on direct skin exposure to the
wind that causes tissue temperatures to be reached
sooner. WCT is also related to clothing insulation

Table 2. Major symptoms and signs at different levels of freezing cold injuries.

Mild Moderate Severe Full thickness

Colour Reddish skin, white patches Pronounced hyperemia bluish-white discoloration bluish-black
(“frostnip”) discoloration
Blister  No blister Blisters with white or clear ~ Haemorrhagic or black blisters No/erupted blisters
fluid
Lesions No lesions Supefficial erosions Skin-necrosis Necrosis of deeper
tissue

Pain Intense stinging pain Gradually reduced pain Significantly reduced pain or still pain in cyanotic No pain sensation

injury
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Temperature (°F)
Calm 40 0 =10

—_—

Wind (mph)

W b &V N @O

36
34
32
30
29
28
28
27
26
26
25
| 25

Frostbite Times [:l 30 minutes

SV:T:d 5 0 -5 -10 -15
{km/h)
5 4 -2 -7 -13 -19
10 3 -3 -9 -15 =21
15 2 -4 -11 -17 =23
20 1 -5 =12 -18 -4
25 1 -6 12 -19 -25
30 0 -6 -13 -20 -26
3s o -7 =14 =20 =27
40 -1 -7 -14 -21 -27
45 -1 -8 -15 -2 -28
50 -1 -8 -15 =22 -29
55 -2 -8 -15 -22 -29
60 -2 -9 -16 -23 -30
65 -2 -9 -16 -23 -30
70 -2 -9 -16 -23 -30
75 -3 -10 -17 -24 31
80 -3 -10 T -24 -31
FROSTBITE GUIDE
Low risk of frostbite for most people
Increasing risk of frostbite for most people in 10 to 30 minutes of exposure

High risk for most pecple in 2 to 5 minutes of exposure

b

Figure 1. WCT Index and frostbite time indicated on both charts is the risk of cheek frostbite in the most susceptible 5% of the
population [23,35,36].



capacity, the duration of exposure, body area [37],
maintenance of core body temperature [23,36], and
possibly also personal susceptibility. Whether exposure
to non-freezing temperature situations for long periods,
underlying vascular or neurologic disease, or multisys-
tem injuries affect FClI pathophysiology, is still
unknown [25].

Stage 3 is, for pragmatic treatment reasons, regarded
as the vascular phase with more pronounced pathophy-
siology including coagulation within the vessels, plasma
leakage, and shunting. Stage 3 also refers to the time
between rewarming and advanced hospital manage-
ment (warm ischaemia time), regarded as a critical win-
dow in the treatment of FCl regarding injury outcome
[38,39].

Stage 4 is the final pathophysiological status in the
injury development including a late ischaemic phase
during thawing involving oxygen-free radicals, neutro-
phil activation, and numerous inflammatory changes,
and platelet aggregation leading to thrombosis, ischae-
mia, and gangrene [22,28] (Table 3).

FCl has also been sub-divided according to whether
the pathophysiology affects cells and extracellular fluids
(direct effects) or the process involves the function of
the organised tissue and the integrity of the circulation
(indirect effects) [11]. Most common in FCl, the ice
crystals first form in the extracellular fluid spaces,
increasing osmotic pressure, causing intracellular dehy-
dration and hyperosmolality and damage to cell mem-
branes followed by ultrastructural capillary damage,
loss of mitochondria in muscle cells, and other intracel-
lular damage [40]. Reperfusion injury related to the
thawing-phase involves oxygen-free radicals, neutrophil
activation, numerous inflammatory changes, platelet
aggregation, and thrombosis ending with reperfusion-
ischaemia.

A simplified scheme of FCl-pathology classification
with only two pathophysiological approaches has also
been proposed; the cooling - supercooling-freezing
stage; and a vascular stage that includes thawing
(rewarming) and post-thaw [40]. Another dichotomised
pathophysiological classification is divided into acute
injury and different post-injury symptoms. In many
ways, the long-term sequelae with vasomotor disorders
and neuropathy might lead to major functional limita-
tions several years after FCI [7,17].
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Classification according to outcome of FCl

An FCl grading system based on the clinical outcome
(tissue loss and risk of amputation) and radiological
examination has also been proposed by Cauchy et al.
[41]. Seventy patients with FCl were evaluated after
a rapid (1h) rewarming of the tissue in warm (38°C)
water, where the final outcome was tissue loss and the
risk of amputation [42]. This retrospective clinical rein-
terpretation was combined with data obtained from
early isotopic bone scans. Based on the clinical appear-
ance and anatomical extension of the frostbite lesion,
a grading classification was proposed.

1% grade is categorised by the absence of initial
lesion. 2" grade was associated with the initial lesion
on distal phalanx. The 3™ grade was attributed to an
initial lesion on intermediate or proximal phalanx, while
the 4™ grade included an initial carpal/tarsal lesion
(Figure 2). This classification is used in clinical hospital
practice, as the initial radiological findings correlate well
with clinical outcomes regarding amputation level [22].

When the human tissue is frozen, the patient is in
a cold ischaemia situation. Injured tissue could, to some
extent, be saved with advanced hospital care, although
the level and duration of the in-freeze situation, among
other factors is decisive [38,39,43]. Surgical amputation
decisions are determined in part by altitude as the most
relevant amputation risk factor derived from a stepwise
regression model [44]. The Yukon Frostbite Protocol
relies on the Cauchy system of frostbite grading to
determine treatment [39]. The Helsinki frostbite man-
agement protocol for severe frostbite cases also classi-
fies FCl according to outcome [43]. The treatment
protocols again refer to the Hennepin Score to quantify
salvage rates in a standardised manner [38].

Discussion

The existing classification systems seem to be devel-
oped for different purposes and for different parts in
the chain of treatment. Nomenclature used in a field
care evaluation may neither be particularly relevant
for acute advanced hospital care nor for the assess-
ment of long-term sequelae of FCl. The summarised
characteristics of the different classification systems

Table 3. Major pathophysiologic factors in different phases in freezing cold injuries.

Staging Description Pathophysiology factors

Stage 1 Pre-freezing Phase Tissue cooling with accompanying vasoconstriction and ischaemia; no ice crystal formation
Stage 2 Freeze-thaw phase Ice crystal formation start extracellularly (slow in-freeze) or direct intracellularly (rapid in-freeze)
Stage 3 Vascular stasis phase Reperfusion injury, coagulation within the vessels, thrombosis, plasma leakage and shunting

Stage 4 Ischaemic phase

Progressive tissue ischaemia and infarction, inflammation
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Cyanosis
on
distal phalanx

Grade 2

Moderate risk
of amputation

No
amputation of |
bone

Grading severity of frostbite after
rewarming

Cyanosis
up to
MP joint

Cyanosis

proximal to
MPjoint

Grade 4
Risk of
amputation
100%

Grade 3

High risk of
amputation

Figure 2. Grading severity of frostbite and bone amputation risk after rewarming [41].

based on military training and warfare are presented
in Table 4.

FCl described by its clinical presentation is often
quite difficult in terms of assessing the extent of
frostbite injury [1,10]. The discoloration of the skin
changes and fluctuates according to several environ-
mental factors and duration of the cold exposure [22].
As soon as the rewarming or thawing phase starts,
the colour will change accordingly. It can take weeks
before the full extent of damage is apparent [2]. The
diagnostic value of the skin colour is also highly
dependent on the clinical team’s experience and
diagnostic awareness.

Blisters are important clinical features as they are
rather objective markers of FCl severity. If no blisters

Table 4. The characteristics of the different classification systems.

are present, the scope of the FCl might be regarded
as mild. As soon as a blister is recognised, the colour
of the fluid content determines the severity of the
FCl. In the most serious FCI symptoms and signs
other than blisters will be the marked clinical signs.
There seems to be a universal agreement in the
scientific literature that an FCl with a blister is
regarded as a serious injury in need of proper care.
A nomenclature able to foresee the outcome of the
FCl appears to be a very useful classification for both
the doctor and patient [19]. It allows accurate determi-
nation at a very early stage and the likely extent of
subsequent tissue loss [10]. On the other hand, FCl
classification based on retrospective methodology
might challenge the prospective application in acute

CLASSIFICATION SYSTEM

Characteristics

Morphology of injury

Most common used system of FCl classification

Difficult to interpret in early assessment of FCl

Symptoms and signs

Important for acute/first aid/field care FCl assessment

Assessment is challenged by fluctuation of symptoms and signs

Pathophysiology

Important for the understanding of the FCl development

Useful for treatment principles, particularly the FCl-immunology

Outcome of FCl

Important for prognosis and advanced FCl hospital treatment

Less useful in early field-diagnosis outside the hospital but may be useful post rewarming for evacuation decisions.




situations to predict the prognosis for the patient
[41,42,45]. The waiting period (weeks or months),
necessary to determine the amputation level, is likely
to cause mental anguish for the patient. FCl symptoms
such as numbness and coldness of the injured part
have been regarded as secondary clinical signs and
symptoms, after vasoconstriction and ischaemia,
because they are usually of little help for predicting
prognosis before rewarming [44].

Finally, the definition of outcome/sequel of FCI has
also been questioned, according to knowledge from
off-label and experimental research and treatment
protocols [17,39,46-48]. The outcome-classification
system starts at day O (just after rewarming) and is,
at least in part, dependent on early bone scan results.

FCl nomenclature in wilderness medicine may rely
on other evaluation limits or systems than advanced
trauma care in hospital. Hospital-based diagnostic
techniques are challenging in early field care assess-
ment [41] regarding early diagnosis and classification
[45]. However, advances in new technology, including
mobile hand-held equipment, may help this process
[49]. FCl has also been invasively treated according to
Cauchy grade 2 or 3 in an ambulatory setting (out-
patient therapy) [39].

Further, it has been postulated that amputation
from FCl almost never happens at ambient air tem-
peratures above —10°C [2]. The majority of FCls with
an amputation outcome most often occur at air tem-
peratures below —20°C [39]. Altitude induces
a temperature drop of approximately 1°C every 150
metres of ascent (about 6.5°C/1000 m) making alti-
tude a relevant risk factor for amputation [44]. An
FCl can also occur in liquid seawater due to
a higher human tissue in-freeze temperature, as sea-
water freezes at—1.9°C [23]. We therefore find that the
ambient air temperature for FCl classification pur-
poses might be of limited value.

Conclusions

e The existing classification systems were devel-
oped for different purposes, and different FCI
nomenclature is attributed to different clinical
situations

e Hospital-based classification systems might be
challenging to use in field care situations

e Field care evaluation and FCl classification may not
be particularly relevant for advanced hospital care
nor the assessment of long-term sequelae of FCl

e The nomenclature in the different classification
systems is not coherent, and the discrete classifi-
cation limits are challenged
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e Even though further research and science into
classification strategies is necessary, the existing
classification system for FCI classification for mon-
itoring and management are relevant for military
activities
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