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Gradin Proonosis Treatment
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Ditferentiate the grades of Demonstrate how grade is Review the pathophysiologic _._
frostbite injuries related to prognosis rationale for medical ESONFE;;?
management of frostbite DEVELOPMI




< NEW | Yukon Arctic Ultra runner suffers severe frostbite

Doctors are WDI’HiI’Ig to save Polish runner Michal Kielbasinski's ﬂl'lgEFS
CBC News Posted: Feb 11, 2015 8:33 AM CT Last Updated: Feb 11, 2015 8:55 AM CT
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Michal Kielbasinski planned to run 700 kilometres from Whitehorse to Dawson City in the Yukon Arctic Ultra race. He suffered
severe frost bite in the extreme cold conditions and was medevaced off the trail one day into the race. (Facebook)

(@) A.Poole MD FRCSC DiMM @



Grade ?
Grade vs Degree
Risk of amputation?

°
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http://commons.wikimedia.org/wiki/File:Human_toes,_12_days_post-frostbite.jpg

' Natural History
* Cauchy Bone Scan Study
*  Grade 3 Frostbite 83% Amputation %

Rate
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Could we do better?




Could we do this?

Grade 4

Near 100% Risk of Amputation

without aggressive management

Can we avoid amputation?
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Outline

* Epidemiology
* Pathophysiology

* Grading
* Prognosis

Treatment

Prehospital

Hospital

Research directions
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Northern proportional injury ratio 7 in
NWT/Nunavut [nt | Circumpolar Health

2013,72

Utrban Edmonton 10 yr review 53% Etoh,

16% Psych | Trauma 1990,30

Epidemiolo
p gy CO—MFlﬁlaﬂd Severe (blisters) frostbite 1.1%
25/100000, —1 SOC Iﬁf] annual incidence, 10.6%

. lifetime Makinen et al Scand |
CZV 6‘%77@0/617" H €6Z/l‘b Work Environ Health

2002,61 2009;35(5):384-393
)

o Yukon: 2015-2020, 22 Grades 2 to 4, 12
s B grades 3&4, CM.AJOpen 2021
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Windchill and Frostbite

As the skin surface temperature falls
ffom —4.8 to =7.87C, the risk of
frostbite increases from 5 to 95%.

the risk of finger frostbite is minor
above an air temperature of —10°C,
irrespective of »

below —25°C there is a pronounced
risk, even at low ».
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Danielsson, UIE |. Appl. Physiol. 81(6): 2666-2673, 1996 ® !
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Danger Signs

Pain 15° Celcius Numbness 7° Celcius Frostbite 0° Celcius

Chenng Temperature 2:1, 105--120; January/ February/ March 2015
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Frostbite
Signs and Symptoms

Appearance
Palour, waxy, blue

Postthaw: pink,red,
blue,grey

blisters,edema

eschar

~ A.Poole MD FRCSC DiMM



48 Hrs

Post Thaw

s

Ditticult to tell tull extent early
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Pathophysiology

Freeze & Thaw

RCSC DiMM



enlarging ice RBC, WBC,
crystal & platelet

aggregation

({thrombosis)

interstitium extracellulér ice herosmalar T = o
X i disruption by
crystal formation interstitiurm ice crystals

dehydration

Cooling skin Tissue freezing Frozen tissue
g — CFEC e nhient > (tissue anoxia)

temperature
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Freezing

Injury

Extracellullar Ice

Osmotic Changes
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Vasoconst

vasoconstriction

Post-rewarming

dermal
ischemia
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complete

Rewarming

free radical
generation

intracellular
swelling

worsening

interstitial edema

«2E = HZO bath
temperature

microcirculatory
vasodilatation

melting
ice crystal
Ambient
temperature to -2°C

reflow
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Warm Ischemia Time Matters

Minnesota/Hennepin County

, , , 73 patients 2006 to 2014 bone scan perfusion defects
Time Matters in Severe Frostbite; Assessment of

Limb,/Digit Salvage on the Individual Patient Level 62%0 received thromobolysis
Tpa 36% amputation, no tpa 50%

Rachel M. Nygaaed, PhD, Alexandra M. Lacey, MD, Ashley Lemere, MD,

;”"'ﬂhl;?“"ﬁ“ Joa R. Gayken, MD, Anne L Lambert Wagaer, MD), 28% decrease in salvage rate with each hour
van M. Fey, S

passed after rewarming

Journal of Burn Care & Research, 2017 jan 38 (1);53-59
Nygaard et al

@) A.Poole MD FRCSC DiMM @)

L e o o e e - o



T R i | Cyaonn03|s 1 C);apn::is 1 Cyar.‘OSift
: proximal to
ofcyanosis B talphalanx [l  MP joint MPjoint

OZNOSIS

Grade 1 W Srade 2 Gradeis Grade 4
NaA | | Rick nf




Classitication
based on acute physical findings
s lidestice
° numbness, erythema, white, yellow plaque, mild edema
* 2'degtee
* clear blisters, edema, erythema
* 3_degree
* deeper, hemorrhagic blisters e
------ ‘ * beneath dermal vascular plexus
e * 4 degree
. ° through dermis & into subcut tissue, into muscle +/- bone 2 '
@ A.Poole MD FRCSC DiMM 7 7 2




| Simplified Classification

v iy
T4
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Superficial

minimal anticipated tissue loss

$eladcorce
# Jidevtee }

) ngI‘CC } Deep

deeper injury & anticipated tissue

* 4 degree
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The role of bone scanning in severe frostbite of the extremities:
a retrospective study of 88 cases

E. Cauchy', E. Chetaille', M. Lefevre?, E. Kerelou!, B. Marsigny'

! Department of Mountain Medicine and Trauma, Chamonix Hospital, Chamonix, France
2 Department of Nuclear Medicine, Bonneville Hospital, France

Received 16 September and in revised form 27 December 1989

Abstract. We performed a retrospective study of the re- Eur J Nucl Med (2000) 27:497-502

Fig. 3. Severe frostbite of the hand at day 45. The level of amputa-
Fig. 4. Retrospective analysis of the bone scan in the patient in ton hqs been determined by the surgeon in accordance with the
Fig. 3 shows that the areas without tracer uptake correlate well bone vitality
with the level of amputation

A.Poole MD FRCSC DiMM
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Grades

® Grade 1: No Cyanosts,
Amputation rate 0%

® Grade 2: Cyanosis of Distal
Phalanx, No hemorrhagic
blisters, Amputatton rate 1%

® Grade 3: Cyanosis into Middle or

Proximal Phalanx, Amputation
rate 39-83%

® Grade 4: Metacarpal,

Cauchey et al Wilderness & Environmental Medicine
Lolusme 12, Lssue 4, Pages 248-255, Decernber 2007

oo .Amputﬂtion rate 100%o


http://www.wemjournal.org/issues?issue_key=S1080-6032(01)X7039-7

Grading severity of frostbite after
rewarming

Basia Cyinnnsis Cyan:}s.is Cyanosis
p up 10 proximal to
of osis e
o¥anosis M istal phalanx || MP joint MPjoint

Simplified Grading

Cyanosis and Hemorrhagic blisters

As extends proximally amputation
risk increases

Gr.:lde 1 Grade 3 (;r_ald;e :‘
o : St isk 0
. Moderate risk High risk of -
amputation of : : amputation
pbone of amputation amputation ‘F{)l;a% -
_ A -
= @ A.Poole MD FRCSC Q 4 55
B R R R S R T . . Canch o ol WILDERNESS & ENLTRONMENTAL MEDICINE, 27.92-99 (201



Grade 1: no cyanosis, no
hemorrhagic blisters
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Grade 2

Cyanosis or hemorrhagic blisters of
distal phalanx

A.Poole MD FRCSC
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Grade 3

Cyanosis or hemorrhagic blisters
into mid/prox phalanx




Grade 4

Cyanosis or hemorrhagic
blister into
Metacarpal/tarsal

TR Ty
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As cyanosts moves proximal risk of amputation
1NCreases

Probability of Amputation

Cauchey et al Wilderness & Environmental Medicine
Volume 12, Issue 4, Pages 248-255, December 2001

Finger tip PIP Metacarpal/tarsal

Feet Combined




Imaging

Plain Film: No

Angiography: Yes

U/S: perhaps doppler for flow

CT angio: may not have necessary
defintition

MRI: possibly

Bone Scan: Yes

Fluoresence: likely

A.Poole MD FRCSC DiMM

Mira MacLennan, Alexander Poole and Josianne Gauthier

®

CMA]J August 09, 2021 193 (31) E1219; DOT: https://doi.org/10.1503/cmaj.202258



S LASKA MEDICINE
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Treatment Nl 35 Number | January/February/March 1993

Rapid Rewarming

Early movement

Wound Care
! i
! ¢
| Hydrotherapy
Advanced Therapeutics |
|
; {
Avoid Surgery ;
|
|
! = 8 g
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REFREEZING IS A DISASTER!

LT

—— »
| ey v .
- § -
R 2

-,

'fﬁ) A.Poole MD FRCSC DiMM

T T S T T T P T T T T T T T T T T e e e = - g rere—ey T - raare, = T T T ————
5 -



Rewarming
Rapid rewarming is best
Spontaneous thawing is next best
Do not increase freezing time
Warm Water 37-39°C
Tolerable to unprotected hand for 30 sec
Until pink/purple and pliable
: @ A.Poole MD FRCSC DiMM |@ ';_'- :
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Treating in the
field?

“We propose that thrombolytics and
loprost be considered for field

> Wilderness Environ Med. 2016 Mar;27(1):92-9. doi: 10.1016/j.wem.2015.11.014.

A New Proposal for Management of Severe Frostbite B R
. he Austere Environment treatment to maximize chances tor
In the Auste recovery and reduce amputations”
Emmanuel Cauchy ', Christopher B Davis 2, Mathieu Pasquier 3, Eric F Meyer 4, ’
Peter H Hackett 5 During Transport?
: @ A.Poole MD FRCSC DiMM @ : £




Wilderness & Environmental Medicine
OnlineFirst

© Wilderness Medical Society 2025, Article Reuse Guidelines Sa ge J 0 U r n a IS

https://doi-org.ezproxy.lib.ucalgary.ca/10.1177/10806032251364149

Case Report

Prehospital Frostbite Management With Iloprost: Case Reports
of Two Helicopter Evacuations in Northern Canada

Pierre-Marc Dion, MD () 12, Josianne Gauthier, MScPharm?, Ryan Soucy, MEd, CCP*#,
Dombhnall O'Dochartaigh, MSc, RNS, and Alexander Poole, MD*



asoconstriction & Thrombosis

Vasodilation & Thromobolysis

melting  microcirculatory

. intracellular superoxide
ice crystal  vasodilatation

i e dismutase

interstitial sdema TP IINg free radical
generation

Ambient -2°C = H,0 bath Rewarming






What’s the Deal with Blisters?
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. (Robson MC, at al: Arch
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Thrombolysis

Addressing post thaw microthrombi

Multiple case reports, total in literature > 400, 25%
amputation rate

Twomey, Minnesota 19 patients J Trodernd 2005

Gonzaga et al, Minnesota 62 patients over 14 yrs

| Burn Care Res 2015
Bruen, Utah 6 patients 10% amputation vs 41% control

Areh Surg 2007
2 Cases at K2 base camp Wilderness & Eny Med 2016

P

A.Poole MD FRCSC DiMM
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Thrombolysis Intravenous or Intra arterial?

Journal of Burn Care & Research
Volume 40, Number 5 Drinane et al 547

Table 3. Differences between patients treated with intravenous and intra-arterial thrombolytics

Weighted
Treatment No. of Treatment Imaging Digits at Overall Limb Avcraggil Limb \Complication
Route Patients (n#) Group (n) Modality Risk  Amputations Salvage Rate (%) Salvage Rate (%) te, 7 (%)
Intravenous 166 110 Te-99m triple- 923 134 855 77.3 (2.7)
phase bone
scan
Intra-arterial 159 106 Angiography® 921 212 77 76.4 8 (3.7)

*A single study used bone scans to assess perfusion.

A.Poole MD FRCSC DiMM




Time Matters in Severe Frostbite: Assessment of
Limb /Digit Salvage on the Individual Patient Level

Rachel M. Mygaard, FhID, Alexandra M. Lacey, MDD, Ashley Lemere, MDDy,
Michelle Drole, DPM, Jon K. Gavken, MDY, Anne L. Lambert Wagner, MDDy,
Byain M. Fey, MD

For each hour of delayed treatment, additional 27% loss of
tissue (p=0.006)

- s 3

Nygaard RM ¢t al. | Burn Care Res 2017, 38: 5359 ' BE S ot




Vasodilation

Many tried
Only Iloprost has compelling evidence
Epoprostenol an alternative in NA

A.Poole MD FRCSC DiMM



What does the Literature tell us?

INTERNATIONAL JOURNAL OF CIRCUMPOLAR HEALTH 200 papers ﬂOpi’OSt &
2023, VOL. 82, 2189552
https://doi.org/10.1080/22423982.2023.2189552 Frostbite
ARCTIC MILITARY CONFERENCE IN COLD WEATHER MEDICINE
, , , 1994-2022
lloprost for the treatment of frostbite: a scoping review
Josianne Gauthier®, Dunavan Morris-Janzen® and Alexander Poole** 20 papers in the literature

All case series
>200 patients

>1000 digits

A.Poole MD FRCSC DiMM
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Lancet

Austria

1994

Iloprost

Haik,
Isr Med Assoc |
Kathmandu/ Jerusalem

Poole & Gaunthier,
CMA]
Whitehorse, Canada

2011 2017

2016

Canchy, Lindford,
NEJM Burns

Chamonix, France Finland

Pandey,
Wilderness Environ Med
Kathmandu, Nepal

Irarrazaval,

High Alt Med Biol

Mount Everest

2018

Poole, Gauthier @& Macl ennan,
CMAJOpen

Whitehotse Canada

Magnan,
Medicina (Kannas)

Geneva, Lyon and Mont-
Blanc

2019

Jud
Lancet

Austria

2021

2022

Crooks et al, Can | Er Med

Calgary, Canada
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Why Hoprost?

Stable analog of Prostacyclin

Vasodilator, inhibits platelet aggregation,
profibrinolytic and cytoprotective

Inhibits Thromboxane

decreases skeletal muscle ischemia-
reperfusion injury

Used in Raynauds and Thromboangiitis
obliterans, Pulmonary hypertension

A.Poole MD FRCSC DiMM

PRESCRIPTION MEDICINE
Ilomedin’

iloprost (as trometamol) 100 micrograms per 1 ml
50 micrograms in 0.5 ml
solution for infusion

For Pharmacist Label

e e e
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Why Not
Iloprost?

Not Available in Canada or USA

CARIPUL® (epoprostenol) is similar
but only two reports of its use in
frostbite

Kbhan et al CHES'T, Vol. 154, Issue 4, p826.4—
8274

Awir Eslami, Bradley Lanver CHES'T, 170l
156, Issue 4, A2109

A.Poole MD FRCSC DiMM

PRESCRIPTION MEDICINE
Ilomedin’

iloprost (as trometamol) 100 micrograms per 1 ml
50 micrograms in 0.5 ml
solution for infusion

For Pharmacist Label

e e e
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Why Not
Iloprost?

PRESCRIPTION MEDICINE

- 0 na =

7/ B\
A
FDA NEWS RELEASE

FDA Approves First Medication to

Not Available in Canada or USA Treat Severe Frostbite
CARIPUL@ (CpOpfOStCﬁOD iS Simﬂaf f Share | X Post | in Linkedin =% Email = & Print
but only two reports of its use in
frostbite

For Inmediate Release:  February 14, 2024

Kbhan et al CHES'T, Vol. 154, Issue 4, p826.4—
8274

Awir Eslami, Bradley Lanver CHES'T, 170l
156, Issue 4, A2109

A.Poole MD FRCSC DiMM
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Did Michael’s Fingers Fall
Off?




CMAJ b
: btz
: 2
CASES I

e Treatment of severe frostbite with iloprost e
in northern Canada b

Alexander Poole MD, Josianne Gauthier BPharm RMScPharm eliieis
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.....
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E j Figure 1: Case 1: A $6-year-odd man with grade 3 frosthite on his right hand. (&) Day 1. (Bl Day . (0 &2 one month. (D) &t sin months.
3 T
T 2T =t |
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Aloe vera and Meplitel dressing | I I
Elevation of affected parts
Avold tobacco and aleohol Management as per Grade 1 Management as per Grade 1
Tetanus-diphtheria * +
immunization lloprost intravenous infusion lloprost intravenous infusion
| for 6 hours for 5 days for & hours for 5 days
Grading severity of fr(stbit after m
rewarming
Add:
Alteplase intravenous infusion gnce
and
Frostbite Heparin Protocol
intravenous infusion
for 72 hours
(see page 3 of Pre-Printed Orders)




TS N/ yukon :

§ hospitals i
Tt FROSTBITE PROTOCOL ¥
Rapid rewarming of extremities in hot water (35°C) ‘
2 with chlorhexidine and isopropyl alcohol for 30 minutes 2
1 [ I :
. 1 Assessment of severity (Grade 1-4) (see figure below) E
% g [Documentation of severity for comparison after therapy J
i {Use "Cuantification of Frostbite Injury” shaet) i
- 1
Grade 1 \ﬂL‘ Grade 4 i
] *+
1 y y
1 Hydrotherapy whirlpool daily If less than 72 hours If less than 72 hours ¥
= Debridement and aspiration of since rewarming: sinCe rewarming: - :
: clear blisters : "~
: Aloe vera and Mepitel dressing ’ 1
i Ibuprofen every 6 hours L ¥ 5
£l | Elevation of affected parts Management as per Grade 1 Management as per Grade 1 g =
! Avoid tobacco and alcohol + + -
; ] Tetanus-diphtheria lloprost intravenous infusion loprost intravenous infusion g %
=51 immunization for 6 hours for 5 days for & hours for 5 days :
{ Grading severity of frostbite after 'l' "=
=1 rgwarming If less than 24 hours =
- =1 SinCe rewarming:
AL Abaance °r-:- Er;':h W.In l ¢ s
i praximal &
satoroed oloyanosis W oot phaiann | MP joint MPjont dd. T,
=3 ] } = w. Alteplase intravenous infusion goge i
£i5 ay | & Enaxaparin for 72 haurs 7

TROgOge

e Grade 1 Grade d You may consult Dr. Alex Poole and = .'t- =
-5 o Mo Rk of - J ; A -
1 Maderate sk W High risk of Clinical Pharmacist losignne Gauthier T E Ty
oA amputation of N of ampuiation Ml smoutaton [l *Faio far guidance
5! A.Poole MD FRCSC DiMM Source: Caushy £, =tal, Wild & Enw Med 27, 52-99|2018)
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& @
| T . _
;' Grading severity of frostbite after
i rewarming
i FROSTBITE PROTOCOL :
3
Rapid rewarming of extremities in hot water (39°C) f
with chlorhexidine and isopropyl alcohol for 30 minutes
v ‘ ;
Assessment of severity (Grade 1-4) (see figure below) r e
1 Documentation of severity for comparison after therapy s 7y
! (Use "Quantification of Frostbite Injury” sheet) £ o
1 / PErisie
1 | Grade 1 ‘ ‘ Grade 2-3 ‘ ‘ Grade 4 ‘ St
£} =
X e
; Source: Cauchy E. et al, Wild & Env Med 27, 92-99 (2016) f Fi=ie Ty
J @) A.Poole MD FRCSC DiMM @ f : :. i
- - y e TeTeT e o =TT ittt it i i T TP ——— Py > _ 7



.

(Use “Quantification of Frostbite Injury” sheet)

Assessment of severity (Grade 1-4) (see figure below)
Documentation of severity for comparison after therapy

. )

_a_
Grade 4

l

If less than 72 hours
since rewarming:

!

Grade 1 Grade 2-3
Hydrotherapy whirlpool daily If less than 72 hours
Debridement and aspiration of since rewarming:
clear blisters
Aloe vera and Mepitel dressing l
Elevation of affected parts
Avoid tobacco and alcohol Management as per Grade 1
Tetanus-diphteria immunization +
Oral ibuprofen every 6 hours lloprost intravenous infusion
for 6 hours for 5 days

Management as per Grade 1
+
lloprost intravenous infusion
for 6 hours for 5 days




Grade 4 ‘
; Grading severity of frostbite after :
| rewarming £
@ If less than 72 hours
: since rewarming:
! b
Management as per Grade 1
| + ‘:
loprost intravenous infusion £
! for & hours for 5 days
L ,_
If less than 24 hours jirss
Q since rewarming: | S
v E-;
}. Add: Source: Cauchy E. et al, Wild & Env Med 27, 92-99 {2016) o
3 Alteplase intravenous infusion goge F4
and 25
| Enoxaparin for 72 hours .
""" ¥ i
-'_- : j @ A.Poole MD FRCSC DiMM :
i e - _—— Ty T T Ty T e
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Who gets

Activities leading to frostbite
Other ’
= frostbiter
E‘gy{:hiatric dis... 5 g
5.9% E
Car oaccident/b... :
| e * 45% Sports
' | * 31% Alcohol
* 12% Motor Vehicle s
Accident Poas
: j[ Alcohol abuse -~
| 31.4% . . -
* 6% Psychiatric 2
] ; il u | u XE. :
! Poole, Gauthier, MacNairn unpublished :
_____ |
' : @ A.Poole MD FRCSC DiMM |




Poole, Ganthier, MacNairn unpublished
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Grades

® Grade 1: No Cyanosts,
Amputation rate 0%

® Grade 2: Cyanosis of Distal
Phalanx, No hemorrhagic
blisters, Amputatton rate 1%

® Grade 3: Cyanosis into Middle or

Proximal Phalanx, Amputation
rate 39-83%

® Grade 4: Metacarpal,

Cauchey et al Wilderness & Environmental Medicine
Lolusme 12, Lssue 4, Pages 248-255, Decernber 2007

oo .Amputﬂtion rate 100%o


http://www.wemjournal.org/issues?issue_key=S1080-6032(01)X7039-7

®

Grades/NHx Whitehorse(50)/Calgary(20)

Grade 2: Middle Phalanx, 5 :
Amputation ratf Mg ) 0 /0/ 0 /0

Grade 3: Proximal/Middle

Phalanx, Amputatidn/rate 67% 1 0%/ 18%
Gradesd: Metacarpal, Amputation
rate (08% 38%,/46%
A.Poole MD FRGSC, DiIMM. , O |



http://www.wemjournal.org/issues?issue_key=S1080-6032(01)X7039-7

As cyanosis
MOVES
proximal
risk of
amputation
1ncreases

@

Ty T

A.Poole MD FRCSC DiMM

Probability of Amputation

Cauchey et al Wilderness & Environmental Medicine
Volume 12, Issue 4, Pages 248-255, December 2001

Finger tip DIP PIP Metacarpal/tarsal
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lloprost Side Efttects

Number of patients with adverse drug reaction :
Headache 19 (38%)
Tachycardia > 100 bpm 16 (32%) 52

Nausea 12 (24%)
Flushing 10(20%)
Vomiting 3 (6%) :
BP < 90/60 3 (6%)
Dizziness 3 (6%) :
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Poole, Gauthier, MacNairn unpublished
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Lessons Learnt Along the WAY

The earlier you treat the better, but the harder to grade

Treat grade 2 to avoid missing a grade 3
Simple monitoring ok, outpatient therapy works well
Dosing: 6 hrs vs full ampoule?

Prehospital protocol
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DO | HAVE FROSTBITE?

What 1s next?

Warm ischemia as it
pertains to transport

Frostbite Registry

Do we need

Thrombolysis?

Iloprost vs tPa vs
combination

Dosing
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Longterm Sequelae

670 frostbite patients many suffered
from long-term sequelae.

neuropathy-related signs and symptoms
(chronic dysesthesia, chronic pain, and

hyperhidrosis),

arthritis—even after lower-grade
frostbite in healthy individuals.

Cold intolerance

Regli et al Long-Term Sequelae of Frosthite-A
Scoping Review. Int | Environ Res Public
Health. 2021 Sep 14,18(18):9655
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Long-Term Sequelae of Frostbite—A Scoping Review
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