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ARTICLE INFO ABSTRACT
Article history: Background: Severe frostbite can resultin devastating injuries leading to significant morbidity
Accepted 11 April 2017 and loss of function from distal extremity amputation. The modern day management

approach to frostbite injuries is evolving from a historically very conservative approach to
the increasingly reported use of early interventional angiography and fibrinolysis with tPA.

The aim of this study was to evaluate the results of our frostbite treatment protocol

Keywords: introduced 3 years ago.

Cold injury Methods: All frostbite patients underwent first clinical and then Doppler ultrasound
Thrombolytic therapy examination. Angiography was conducted if certain clinical criteria indicated a severe
Amputation frostbite injury and if there were no contraindications to fibrinolysis. Intra-arterial tissue
Extremity salvage plasminogen activator (tPA) was then administered at 0.5-1mg/h proximal to the antecubital

fossa (brachial artery) or popliteal fossa (femoral artery) if angiography confirmed
thrombosis, as well as unfractionated intravenous heparin at 500 units/h. The vasodilator
iloprost was administered intravenously (0.5-2.0ng/kg/min) in selected cases.

Results: 20 patients with frostbite were diagnosed between 2013-2016. Fourteen patientshad a
severe injury and angiography was performed in 10 cases. The total number of digits at risk
was 111. Nine patients underwent fibrinolytic treatment with tPA (including one patient who
received iloprost after initial non response to tPA), 3 patients were treated with iloprost alone
and 2 patients received neither treatment modality (due to contraindications). The overall
digital salvage rate was 74.8% and the Hennepin tissue salvage rate was 81.1%. One patient
developed a catheter-site pseudoaneurysm that resolved after conservative treatment.
Conclusions: Prompt referral to a facility where interventional radiology and 24/7 laboratory
services are available, and the combined use of tPA and iloprost, may improve outcome after
severe frostbite.
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1. Introduction

Cold injuries are comprised of peripheral cold injuries and
systemic hypothermia [1]. In Finland peripheral cold injuries
are not infrequent with an incidence of 2.5 cases per 100
000 inhabitants, and is more common in men [2]. The yearly
incidence in Finland correlates with the environmental
temperature and is often associated with alcohol and other
psychosocial factors [2-5]. The distal extremities are most
commonly affected (90% cases) and the severity of injury
ranges from a mild, superficial, reversible condition known as
‘frostnip’ to a deep tissue freezing injury known as ‘frostbite’
[6-10]. Severe frostbite can result in devastating injuries
leading to significant morbidity and loss of function from
frequent distal extremity amputation. Management of frost-
bite includes rapid rewarming with adequate analgesia.
Surgical management of frostbite is delayed to allow full
demarcation and to allow maximal recovery of tissues.
Traditionally in most institutions the approach has been very
conservative with distal amputations an inevitable fate in
severe cases and a consequent negative impact on quality of
life [4] (Fig. 1). However, over the last 10 years a major
therapeutic advance has been made in the early use of
fibrinolytic agents to reduce the incidence and morbidity
associated with distal extremity tissue loss [11-18]. In addition,
the vasodilator drug, iloprost (a synthetic prostacyclin ana-
logue) has been used with some success [19-21].

In an attempt to reduce the morbidity associated with
frostbite, in 2013 we introduced the use of fibrinolytics and
iloprost for severe frostbite cases at risk of amputation. We
herein present our experience using our modified frostbite
management protocol.

2. Patients and methods

This is a retrospective, observational cohort study of patients
admitted with severe frostbite to the Helsinki Burn Centre
between 2013 and 2016. Our modified frostbite management

protocol is illustrated in Fig. 2. In short, patients with a distal
extremity frostbite injury are assessed for severity of injury and
clinical signs of ischaemia after initial rapid rewarming. Severe
frostbite was defined as a single digit with clinical signs of
ischaemia up to the level of, or proximal to, the proximal
interphalangeal joint (PIP]) or interphalangeal joint (IP]) of the
thumb. Involvement of multiple digits with more distal levels of
ischaemia was also categorized as severe frostbite. Patients
with severe frostbite presenting within 48h from injury were
then considered for fibrinolytic therapy and after screening for
contraindications (as well as a platelet count >100x 10%L.and a
haematocrit >30% as laboratory parameter prerequisites) to
fibrinolytics (Table 2), promptly underwent angiography.
Severe hypothermia was considered as only a ‘transient’
contraindication as it can usually be reversed rapidly, permit-
ting subsequent angiography and possible fibrinolytic therapy.
Diagnostic angiograms were performed via a femoral
arterial port and if a clear perfusion defect was seen at the
middle phalangeal level (or more distally in multiple digits),
fibrinolysis would be indicated. Initially, 3ml of the vasodila-
tor, papaverine (50mg/50ml) would be administered slowly to
reduce any possible vasospasm. The fibrinolytic drug, alte-
plase (Actilyse”, Boehringer Ingelheim, US) would then be
given intra-arterially via the brachial or femoral artery just
proximal to the antecubital or popliteal fossae respectively, at
a rate of 0.51mg/h and the dose divided by the number of
limbs affected. A bolus of 5mg per affected limb would be
initially administered and the maximum duration would be
12h and a check angiogram would be performed at this stage or
earlier depending on the clinical situation. Unfractionated
heparin was also concurrently infused intravenously to
prevent the formation of new clots and the propagation of
existing thrombi, and the rate adjusted to the Activated Partial
Thromboplastin Time (APTT) accordingly. Patients were
monitored on the Intensive Care unit. Following the comple-
tion of fibrinolysis, low molecular weight heparin (enoxaparin
40mg bd sc) (Klexane®, Sanofi, Paris, France) would be
commenced 2-4h after removal of the arterial port.
Intravenous iloprost (llomedin®, Bayer AG, Leverkusen,
Germany) was considered in the event of contraindications to

Fig. 1 - Two cases of severe frostbite with digital necrosis.
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* Rapid rewarming in 37-40°C water
* Tetanus prophylaxis

*  Aspirin 100mg od po

Initial Management

* Blood tests: Full Blood count, CRP, Na, K, Creatinine, CK, myoglobulin, Group & save, coagulation screen

« Clinical assessment of severity (pallor, altered sensation, haemorrhagic blisters, absent hand-held doppler signal)

¥

Non-severe frostbite

Analgesia +/- opioids
Ibuprofen 600 mg tds po
Limb elevation

No smoking

Debridement of blisters
Polyurethane finger dressings

Severe frostbite
Clinical signs of ischaemia: .
« At or proximal to PIPJ of digit o
or IPJ of thumb .
* More distally in multiple digits .

Immediate angiography if < 48 hours from injury & no contraindications

If abnormal angiogram with perfusion defect

* Initial papaverine infusion

* Intra-arterial fibinolysis using tissue
plasminogen activator (tPA) &

* Heparin infusion

tPA infusion time maximum 12 hours

S

If contraindication to fibrinolysis
or vasospasm without angiographic signs of
thrombosis or poor response to tPA:

* lloprost iv infusion (6 hrs for 2-3 days)

Repeat angiogram Full response

Partial or no response

after 12 hours tPA

o

*  Aspirin 100mg od po

* Enoxaprin 40mg bd sc

* Pantoprazole 40mg od

* Paracetamol 1g tds (po/iv)

* Simvastatin 10 mg od po

* Opioid analgesia or regional nerve block

+ Debridement of blisters
* Polyurethane finger or silver foam dressings

Management following fibrinolysis / iloprost therapy

+ Cephalosporin antibiotics (po/iv) if frostbite proximal to ankle / wrist

« Daily blood tests for 2 days (Full blood count, Na, K, creatinine, CK, myoglobulin)

Fig. 2 - Helsinki frostbite management protocol.

fibrinolysis or suspected vasospasm without thrombosis on
angiography. Iloprost was administered at an initial rate of
0.5ng/kg/min and gradually increased at 30min intervals to a
maximum of 2.0ng/kg/min. The duration of infusion would be
6h per every 24h period for 2-3 days. The patients would be
cardiac monitored on a high-dependency unit for the duration
of iloprost therapy. Our protocol evolved during the course of
the study to also consider iloprost in the event of a poor
response to fibrinolysis.

Data were collected on patient demographics, time from
injury to presentation, core temperature at admission,
medical comorbidities, psychosocial risk factors for frostbite,
length of hospital stay, location and extent of injuries,
angiographic findings, results of fibrinolysis, number of
digits amputated, level of amputations and the number of
joints salvaged. We used the recently reported Hennepin
Score as a means to better illustrate the extent of injury and
results of intervention by quantification of the injury and
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Table 1 - Frostbite patient demographics, intervention

and outcome.

N=20

Age (years), mean (range) 51.1 (19-77)
Male gender (%) 16 (80%)
Hypothermia (<35°C) at presentation 7 (35%)
Social risk factors® 15 (75%)
Comorbidities® 8 (40%)
Presentation <24h since injury 12 (60%)
Extremity

o Upper 12 (60%)

o Lower 6 (30%)

e Both 2 (10%)
Clinical signs of severe injury (Consideration 14 (70%)

for fibrinolysis/iloprost)
Intervention
Angiography 10
Mean no. of digits at risk per patient 7.9¢
Fibrinolysis (tPA)? 9
Iloprost only 3
No tPA or iloprost 2
Response to tPA

e Full 5

o Partial 3

e No 1
Outcome
No. of patients undergoing amputation(s) 6
No. of joints salvaged per patient 7.9
Overall digital salvage rate 74.8%
Hennepin score (22)

o Atrisk 12.7

e Amputated 33

o Salvage 10.2
Overall Hennepin salvage rate 81.1%
Mean length of stay (days) 6.7

& Social risk factors: alcohol abuse, drug abuse, pyschiatric illness,
smoking.

Y Comorbidities: acute pancreatitis, hepatitis C, diabetes, dyslipide-
mia, Parkinson’s disease, Alzheimer’s disease.

¢ Includes whole foot in 1 case.

4 Includes 1 case of additional iloprost after no initial response to
tPA.

tissue loss [22]. Our adaptation of the Hennepin Score
involved the retrospective analysis of clinical and angio-
graphic findings and from these scores we could then
calculate the overall % salvage rate.

3. Results

A cohort of 20 consecutive patients who presented to the
Helsinki Burn Centre with frostbite between 2013 and 2016
(three winter seasons) was included in this study. The
demographics of this group of patients are shown in Table 1.
Social risk factors associated with frostbite could be identified
in 75% patients with alcohol abuse being the most frequent
factor found in 9 cases. Six of the 20 patients were diagnosed
with a superficial frostbite injury and had no clinical signs of
ischaemia (Fig. 3). They were managed with conservative
therapy alone, according to our protocol outlined in Fig. 2.
There were no cases of amputation in the superficial frostbite
group. The remaining 14 patients diagnosed with a severe cold
injury were considered for interventional therapy. Ten of these
severe cases had involvement of both upper (n=7) or both
lower (n=3) extremities and the remainder only a single
extremity. Ten patients underwent extremity angiography.
The total number of digits at risk was 111 and the mean
number of digits at risk per patient was 7.9. This included one
patient with a severe injury resulting in ischaemia of the lower
extremity up to the ankle level.

Four patients had contraindications for angiography and
fibrinolysis, including significant comorbidities in two cases
(acute pancreatitis, pneumonia and atrial fibrillation in one
case and abnormal hepatic and renal function in the other) and
delayed presentation (>48h) in the other two cases.

In 9 out of 10 cases perfusion defects were seen on
angiography, and fibrinolysis was subsequently administered.
In the other case, angiographic findings supported a diagnosis
of vasospasm and iloprost was therefore administered. The
duration of tissue Plasminogen Activator (tPA) infusion was
12h in all cases and the total tPA administered ranged from
15 to 22mg. Of the 4 patients who had contraindications for
angiography and fibrinolysis, 2 cases underwent treatment
with iloprost alone and the other 2 patients received neither
treatment modality due to presentation 72h from injury in one

Table 2 - Contraindications to fibrinolytic therapy [38].

Contraindications to fibrinolytic therapy

Absolute

Relative

e >48h from injury

o Bleeding diathesis

e Major trauma, head injury or surgery within 3 weeks

o Previous haemorrhagic stroke

o Cerebral infarct or subarachnoid haemorrhage within 6 months
o Brain tumour, AV malformation or untreated cerebral aneurysm
o Gastrointestinal haemorrhage within 1 month

o Suspected aortic dissection

e Recent deep biopsies (e.g. liver) that cannot be compressed

o Transient ischaemic attack within 6 months
e Uncontrolled hypertension >180/110mmHg
o Current therapeutic anticoagulation (e.g. warfarin)
e Current gastric ulcer

o Chronic liver disease

e Pregnancy or childbirth within 1 month

o Infective endocarditis

o Freeze-thaw-refreeze injury

o Severe hypothermia

¢ Prolonged resuscitation

e Non-compliance
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Fig. 3 - Superficial frostbite with debridement of clear fluid-filled blisters.

case and significant comorbidities (including cardiac arhyth-
mias) in the other. Table 1 lists the treatment and outcome
results for severe frostbite. A full response to tPA was defined
asrestoration of distal blush on final angiogram (Fig. 4A and B).
A partial response was defined as a perfusion defect/blockage
more distal compared to the initial angiogram (Fig. 4C). No
response referred to the absence of improvement in distal
circulation on angiogram.

Of the 9 patients treated with tPA (Table 3), 8 had a full or
partial response. Overall, 6 patients underwent at least one
digital amputation and a mean of 7.9 joints were salvaged per
patient. The overall digital salvage rate (total number of digits
at risk minus number of digits amputated divided by total
number of digits at risk multiplied by 100) was 75%. The

Pre fibrinolysis Post fibrinolysis

A

Post fibrinolysis

application of the Hennepin score resulted in an overall tissue
salvage rate of 81% for all severe cases of frostbite. Three
patients (patients 1, 3 and 4) exhibited a full response to tPA
and the salvage rate was 100% (Fig. 4A and B). Two patients
(patients 2 and 7) attained a near complete response to tPA and
achieved a combined digital salvage rate of 95%. These 2
patients were fibrinolysed within 24h from injury. Two
patients had a poor response to tPA in spite of expedient
initiation of fibrinolysis. These included the patient with a self-
inflicted frostbite injury caused by submersion of her foot in
dry ice for 6h (patient 5). She went on to receive a below knee
amputation. The other patient had a minimal response to tPA,
but had complete reperfusion after iloprost infusion (patient
9). For the 2 patients (patients 6 and 8) presenting greater than

Pre fibrinolysis Post fibrinolysis

Fig. 4-Clinical and angiographicfindings pre and postfibrinolysis in 3 patients with severe frostbite Fig. 4A and B illustrate a full
response to tPA (patients 1 and 3), Fig. 4C illustrates a partial response to tPA (patient 8).



Table 3 — Outcome after treatment with fibrinolytic therapy.

Patient number 1 (Fig. 4A) 2 3 (Fig. 4B) 4 5 6 7 8 (Fig. 4C) 9
Age (years) 59 72 62 19 22 77 42 49 58
Gender Male Male Male Male Female® Male Male Male Male
Time to thawing 6 12 1 5 6 25 5 32 8
(hrs)
Thawing Warm wa-  Warm water  Warm shower Warm Warm water 30min None Warm water 30min None Warm water
mechanism ter 30min  30min water 30min
45min
Smoking (yes/no) Yes No No No No No No No No
Concomitant None ACE inhibitor ~ Statin None Testosterone Bisoprolol Tamsumin None None Paliperidone
medication Moclobemide
Limb(s) affected Both hands Both hands Right hand Both feet  Right foot Both hands Both hands Both hands Right foot
No. of digits at risk 10 10 3 10 5, foot 10 10 10 5
Hennepin ‘at- risk’ 20 4 3 10 20 16 15 18 59
score (R)
Time from injury to 9 18 6 8 8 27 8 35 14
tPA (hours)
Total tPA dose & 22mg, 12h  22mg, 12h 17mg, 12h 22mg, 12h 17mg, 12h 22mg, 12h 22mg, 12h 22mg, 12h 15mg, 12h
duration
Total dose & timing NA NA NA NA NA NA NA NA 0.108mg,
of iloprost? started 2h af-
ter tPA
completion
Final distal level of Digital tips  Digital tips Digital tips Digital tips Single vessel (peroneal) Right hand — mostly DIPJ level. Left Both hands- digital Right — vari- Metatarsal
perfusion except little flow to forefoot only hand — mostly PIPJ level tips/DIP] level able, PP-DIPJ  level only after
finger (mid levels. Left —  tPA, clinically
middle digital tips/MP full distal per-
phalanx) level fusion after
iloprost
No. of digits 0 1 0 0 Below-knee amputation 9 0 4 0
amputated
Hennepin 0 0.5 0 0 20 13 0 2 0
‘amputated’ score
)
No. of digits 10 9 3 10 0 1 10 6 5
salvaged
Overall digital 100% 90% 100% 100% 0% 10% 100% 60% 100%
salvage rate (%)
Hennepin ‘salvage’ 20 3.5 3 10 0 3 15 16 59
score (S)=R—A
Hennepin salvage 100% 87.5% 100% 100% 0% 18.8% 100% 88.9% 100%

rate %=(S/R) x 100

 Deliberate self harm by submerging foot in dry ice for 6h; DIP]: distal interphalangeal joint; PIPJ: proximal interphalangeal joint; PP: proximal phalanx; MP: middle phalanx.

09%1
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24h from injury, only a modest response to tPA was achieved
(10 and 60% digital salvage rate respectively) (Fig. 4C).

For the 4 patients treated with iloprost (including the
patient who had an absent response to tPA) the salvage rate
was 78%. Of note, one patient who was treated with iloprost
had a salvage rate of only 11%. This patient had presented
>24h from injury. Interestingly, one of the two patients who
received neither tPA nor iloprost had a salvage rate of 100%.
This can perhaps be accounted for by the fact that this patient
had a limited duration of cold exposure (<3h) and swift
initiation of thawing in warm water for 30min, supporting the
endogenous fibrinolytic response. There were two complica-
tions associated with fibrinolysis in which a patient developed
both a femoral catheter-site pseudoaneursym and a right
elbow subcutaneous haematoma. These were successfully
treated with conservative management. No problems were
encountered with the use of iloprost.

4, Discussion

Frostbite injuries have been well described over the past two
centuries affecting mostly military personnel. In more recent
times there has been an increase in reported civilian cases in
populations exposed to cold winters and also amongst alpine
climbers [1,2,4,5]. Frostbite frequently occurs in healthy adults
and can lead to significant morbidity from extremity ampu-
tationin severe cases. Although the distal extremities are most
commonly affected, the shins, cheeks, nose, ears, and corneas
may also be injured [6,9]. The severity is related to the
environmental temperature and more importantly to the
duration of exposure. Risk factors for frostbite include many
psychosocial and environmental factors (drug misuse, espe-
cially alcohol, psychiatric illness, homelessness, sporting or
military activities), certain medical conditions such as periph-
eral vascular disease, trauma and male gender [2-10].

The modern day approach to frostbite has changed from a
very conservative approach to a modern day approach involv-
ing the use of fibrinolytic therapy as reported in several North
American centres [11-18] and iloprostin some European centres
[19,20]. We herein presented the results of our protocol
introduced 3 years ago incorporating the use of both treatment
modalities. Unfractionated heparin was administered for the
duration of the fibrinolysis and untilremoval of the arterial port,
and then followed by enoxaparin for 2 weeks. Wereport a tissue
salvage rate of 81% (using the ‘Hennepin score’) in severe cases
of frostbite and this figure compares well with reported rates of
66-78% [18,22] from the Hennepin County Medical Center,
Minneapolis. The recently reported Hennepin Score is a useful
tool to quantify the extent of the frostbite injury and more
accurately compare salvage rates in a standardized manner
[22]. The Hennepin score does not, however, improve the
prediction of amputation, but does allow quantification of what
the accuracy of the prediction was. The recent report by
Gonzaga et al, from the Burn Center, Regions hospital,
Minnesota, USA, presented a digital salvage rate of 69%. This
is also comparable to our own digital salvage rate of 75%.
However, it should be noted that the aforementioned studies
had significantly larger study groups than ours. In addition, our
use of the Hennepin Score depended on the retrospective

assessment of clinical and angiographic findings, as opposed to
perfusion defects on triple-phase bone scan assessment [22].

Historically, frostbite was classified in a similar way to
thermalburns with a first degree injury affecting the epidermis
only, second and third degree injuries associated with
blistering (containing clear and haemorrhagic fluid, respec-
tively) and a fourth degree injury penetrating the deeper
structures with resultant tissue loss [23]. However, in view of
the heterogeneity of frostbite lesions, we found this classifi-
cation unhelpful in predicting prognosis. More critical is the
assessment of distal perfusion by examining for signs of
ischaemia, and we use a hand-held Doppler as an adjunct to
clinical examination. We defined a ‘severe’ injury as the
demonstration of ischaemia at the level of, or proximal to the
proximalinterphalangeal jointin a single digit or more distally
if multiple digits or the thumb are involved. A similar staging
system was proposed by Cauchy et al. in 2001 that describes
the proximal level of cyanosis after rewarming and assigns a
grade, from 1 to 4 [24]. A grade 3 lesion would be characterized
by cyanosis up to the metacarpophalangeal joint and would be
predicted to have a high risk of amputation. Gonzaga et al.
described poor prognostic signs (within 12h after rewarming)
to comprise: cool skin, numbness, cyanotic digits without
blisters and only proximal blisters with haemorrhagic fluid
[17]. These patients in the latter study would then be
considered for angiography in their protocol.

The initial management of frostbite consists of the
appropriate management of hypothermia, trauma or any
unstable comorbidities, if present. Thereafter, the acute
treatment for all frostbitten extremities is their rapid rewarm-
ing in water heated to 37-40°C with a mild antibacterial agent
(povidone-iodine or chlorhexidine) added for at least 30min
until complete thawing [25]. Rewarming should only be
performed once there is no risk of further refreezing
[6-9,23,25]. Parenteral opioid analgesia is often used for pain
duringrewarming and massage of the affected extremityis not
recommended [6]. The scientific evidence for much of the
described after rewarming management is variable in terms of
methodological quality [25]. There is controversy regarding
blister management, whether or not to debride. We tend to
debride both clear (more superficial injury) and haemorrhagic
(deeper injury) blisters as we feel this helps in the initial
assessment and wound care. Elevation of the affected
extremity is important to reduce oedema. Many have
traditionally advocated the application of aloe vera gel to
the affected areas in view of its theoretical antivasospastic
prostaglandin effect. This proved very labour intensive as
recommendations advised up to 6 applications per day,
therefore our current protocol involves the use of simple
polyurethane foam finger or silver-based foam dressings after
blister debridement. Prophylactic antibiotics are not proven
but advisable for more severe/extensive injuries. Smoking
should be strictly prohibited for obvious reasons. Tetanus
toxoid should be administered even though frostbite is
generally not a tetanus-prone wound. Systemic nonsteroidal
anti-inflammatory drugs should be administered but there is
some disagreement whether ibuprofen or aspirin is more
beneficial. We have opted for aspirin 100mg od alone in view of
its more potent antiplatelet effects. Furthermore, it has been
demonstrated that the concomitant administration of
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ibuprofen antagonizes the irreversible platelet inhibition
induced by aspirin [26]. Furthermore, enoxaparin provides
an anti-inflammatory as well as anticoagulant effect, and was
administered together with aspirin. Early mobilisation of
injured extremities is also important to preserve function.

Short-term complications include compartment syndrome,
infection, and ischaemia of the distal extremities, with potential
tissue necrosis and tissue loss. Long-term sequelae include cold
sensitivity, sensory loss, hyperhidrosis, chronic pain and loss of
function associated with distal amputation [6,8,9]. Surgery is
not usually indicated in the acute phase and should be delayed
until the frostbitten area is thoroughly demarcated. However
fasciotomy may be indicated in cases of compartment
syndrome and early amputation in cases of sepsis [10].

Imaging forms an important part of the initial management
for assessment of prognosis and likelihood of distal necrosis.
Although many different imaging modalities have been
suggested, angiography and technetium 99 bone scanning
are the most useful prognostically [15,27,28].

Numerous adjuvant therapies have been proposed but
many lack strong scientific evidence for their use. These
include: hyperbaric oxygen therapy described in a few case
reports [29-31], surgical or chemical sympathectomy [32-34]
and pentoxifylline, a phophodiesterase inhibitor [35,36]. The
latter drug was formerly our adjuvant therapy of choice before
adopting the new protocol.

After careful discussions and collaboration with a multi-
disciplinary group of specialists from plastic surgery, inter-
ventional radiology, anaesthesia, vascular surgery and
haematology we elected to adopt the use of fibrinolytics in
our frostbite protocol. The successful use of fibrinolytics is
increasingly being reported in the literature [11-18] with most
centres favouring intra-arterial tPA administration. Due to the
procoagulant effects subsequent to fibrinolysis, coadminis-
tration of heparin (unfractionated or low molecular weight) is
necessary [37,38] It is generally agreed that tPA is most
effective within 24h from injury and a recent study demon-
strated that for each hour delay in fibrinolytic therapy, a 28%
decrease in the salvage rate is recorded [18]. As many of our
patients presentlate we extended this time limit toup to48hin
the hope that for severe cases at least a partial response to
treatment could be achieved to preserve function. This was
observed in two of our patients with delayed presentation.
After discussion with our multidisciplinary team and risk-
benefit assessment we opted to limit our maximum tPA
infusion duration to only 12h in order to reduce the risk of
haemorrhagic complications. Thisisin contrast to the protocol
of Gonzaga et al. who have a maximum infusion period of 72h.
The factors resulting in a poor response to tPA in our study
consisted of: late presentation >24h, prolonged contact
exposure to dry ice and a predominance of vasospasm. It
should be noted that prolonged exposure to dry ice results in a
very rare type of flash freeze injury, not actual frostbite.
Whereas frostbite results from slow cooling, similar to
controlled tissue cryopreservation, and is potentially revers-
ible, a flash-freeze injury results from extremely rapid cooling,
where large intracellular ice crystals form quickly and cause
cellular rupture [39]. These injuries do not respond to
thrombolytic therapy [17].

Instead of prolonged tPA infusions we currently favour the
addition of iloprost (along with enoxaparin) if only a partial
response is seen initially with tPA. Iloprost, a synthetic
prostacyclin analogue, is a vasodilatory drug that has also
been used with success [20]. In fact, the latter study by Cauchy
et al. is the only randomized controlled trial to date comparing
different adjuvant frostbite therapies. Iloprost is clearly
advantageous over tPA in its much superior safety profile
and in not an indication for intensive care monitoring or
collaboration with an interventional radiology department.
However, it only has a short mode of action. The key issue
when assessing frostbite is to determine whether there is
predominantly thrombosis that would warrant tPA or mainly
vasospasm that would benefit from the use of a vasodilator
such as iloprost. Our protocol has evolved to include both tPA
and iloprost, whereby the latter offers a ‘completion’ thera-
peutic option in case of partial or no response to tPA. Iloprost
alone is also administered if there are contraindications to
fibrinolysis. We also included pantoprazole in our post
fibrinolysis management protocol in view of its gastrointesti-
nal protective effect with concurrent aspirin therapy. Simva-
statin was included for its endothelium-protecting and other
pleiotropic effects.

Clearly, a major limitation of this study is the small study
size and therefore we are currently planning a multicentre
combined Nordic study to further assess the role of iloprost
and tPA.

5. Conclusion

In conclusion, prompt referral to a facility where interven-
tional radiology and 24/7 laboratory services are available, and
the combined use of tPA and iloprost, may improve outcome
after severe frostbite. Further multicentre trials, including
ibomarker follow-up, are, however, warranted before this still
experimental treatment modality can be considered as
standard of care in severe frostbite.
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