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Disclosure

• Eicos Sciences – scientific consulting/writing – ended

• Triton Systems – scientific consulting - ended

• Discussing off-label use of thrombolytics



Objectives

• Understanding frostbite 

• Interventions

• Going forward



Abbreviations & definitions

• tPA -> thrombolytics

• Rapid rewarming -> warming frozen extremity in (circulating) 

warm water (35-39C)



Frostbite impact on the military

• Armed Forces Health Surveillance Division. Cold Weather Injuries Among the Active and Reserve 

Components of the U.S. Armed Forces, July 2018-June 2023. MSMR. 2023 Nov 20;30(11):2-11. 

PMID: 38051632.

• Armed Forces Health Surveillance Division. Update: Cold Weather Injuries, Active and Reserve 

Components, U.S. Armed Forces, July 2015-June 2020. MSMR. 2020 Nov;27(11):15-24. 

• Endorf FW, Nygaard RM. Social Determinants of Poor Outcomes Following Frostbite Injury: A 

Study of the National Inpatient Sample. J Burn Care Res. 2021 Nov 24;42(6):1261-1265. 



Frostbite impact on the military

• Modified from: Armed Forces Health Surveillance Division. Cold Weather Injuries Among the 

Active and Reserve Components of the U.S. Armed Forces, July 2018-June 2023. MSMR. 2023 

Nov 20;30(11):2-11. PMID: 38051632.

• Modified from: Endorf FW, Nygaard RM. Social Determinants of Poor Outcomes Following 

Frostbite Injury: A Study of the National Inpatient Sample. J Burn Care Res. 2021 Nov 

24;42(6):1261-1265. 

US Armed 

Forces
HCMC HCMC

18-19 257 551 71

19-20 195 317 85

20-21 296 514 41

21-22 287 928 62

22-23 202 759 96

Degree 1st - 4th
Encounters 

1st - 4th 
3rd - 4th 



Frostbite impact on the military

Most soldiers (50-89%) could not fully return 

to duty or were discharged



Freezing Cold Injury (FCI/frostbite)



Pathophysiology of Severe Frostbite

• Initial Injury:

• Ice crystal formation inside cells causes 

mechanical disruption and cell death.

• Vascular Changes:

• Vasoconstriction reduces blood flow, causing 

ischemia and tissue necrosis.

• Rewarming Damage:

• Reperfusion after rewarming leads to 

oxidative stress, inflammation, and edema.

Gao Y, Wang F, Zhou W, Pan S. Research progress in the pathogenic mechanisms and imaging of severe frostbite. 
Eur J Radiol. 2021 Apr;137:109605. doi: 10.1016/j.ejrad.2021.109605
Zafren, K. (2014). Frostbite: prevention and initial management. High Altitude Medicine & Biology, 15(2), 148-155.



Scores based on Injury/Symptoms

(i.e. Superficial/Severe or Degree)

≠
Outcome Grade

(Cauchy Frostbite Grade)

Cauchy et al. 2016



Visual Assessment of Severity Lack Reliability 

No significant correlations were found between amputation level and 
clinical assessment

• admission (r = -0.08, p =0.729)

• day 3 (r = 0.18, p = 0.459)

• discharge (r = 0.26, p = 0.260).



Specificity ~ 30%

No correlation of treatment with final amputation



Pulses Present Reduced Absent Absent

Perfusion 

Imaging
Present Variable Reduced to Absent Absent

Color*
Darkened/reddish 

skin, white patches
Discolored skin Bluish/white Bluish/black Necrosis

Blister** No blisters
Blisters with clear 

fluid

Clear and 

Hemorrhagic 

Clear and 

Hemorrhagic 

Lesion** No lesions Present Present Present

Sensation/

Pain***
Intense Reduced Absent Absent

1st
Degree

2nd 3rd 4th

* Melanin level in skin will impact visual appearance

**Blisters/Lesions may not be present immediately after rewarming
***Rewarming is very painful, sensation is absent in areas of severe frostbite injury. 

Surrounding tissue typically has partial thickness injuries (lessor grade/severity more proximal)

Superficial Severe

Grade 1 Grade 2Cauchy Grade 3 Grade 4



Poole, A., Gauthier, J. & MacLennan, M. Management of severe frostbite with iloprost, 

alteplase and heparin: a Yukon case series. CMAJ Open 9, E585–E591 (2021). 



Specific Aim 2: To assess the utility and accuracy 

of visual assessment of frostbite injury compared 

to formal perfusion imaging and outcome 



Intervention Goals

• Primary Goals:
• Prevent tissue ischemia.

• Mitigate inflammation.

• Restore circulation and protect tissue.

• Interventions Overview:

• Thrombolytics

• Iloprost

• Anti-thrombotics (anti-coags/anti-platelets)

• Anti-inflammatory (ibuprofen)



Regli, I.B.; Strapazzon, G.; Falla, M.; Oberhammer, R.; Brugger, H. Long-Term Sequelae of Frostbite—A Scoping 
Review. Int. J. Environ. Res. Public Health 2021, 18, 9655. https://doi.org/10.3390/ijerph18189655

iloprost tPA

IBU
ASA

LMWH

Rapid 

rewarming



Thrombolytics – Tissue Plasminogen Activator 
(tPA)

• Effect: Breaks down blood clots 

in frostbite-affected tissues, 

restoring blood flow and oxygen 

delivery to the extremities.

• Clinical Impact:

• Shown to significantly reduce 

amputation rates when used within 

24 hours.

Bhattacharjee, Payel, and Debasish Bhattacharyya. "An insight into 
the abnormal fibrin clots—its pathophysiological 
roles." Fibrinolysis and Thrombolysis (2014): 1-29.

Image result for tpa thrombolysis

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjDyPLrysPXAhVq_4MKHQOwBzsQjRwIBw&url=https://www.intechopen.com/books/fibrinolysis-and-thrombolysis/an-insight-into-the-abnormal-fibrin-clots-its-pathophysiological-roles&psig=AOvVaw1fDVHH3RpTj_Tupy1MEbhP&ust=1510938461657684


Summary patients treated with and without thrombolytics and resulting salvage rate

Author Year

Total Number 

of Patients

Number of 

Patients 

Treated with 

tPA Delivery Route Imaging

Digit, segment, 

or overall 

Salvage tPA*

Weighted 

Averages tPA

Digit, segment, or 

overall Salvage 

no tPA/adjuvant 

therapy alone*

Twomey 2005 6 6 IA Angio 50 -

Bruen 2007 32 6 IA Angio 90 49

Taveri 2016 13 13 IA Angio 83 -

Gonzaga 2016 69 62 IA Angio 68.6 unk

Linford 2017 14 9 IA Angio 81.1 unk

Patel 2017 17 8 IA Angio 85 23

Al Yafi 2019 18 9 IA Angio 44.4 33.3

Paine 2020 17 5 IA Angio 80 unk

Heard 2020 99 7 IA Angio 82 64.3

Heard 2020 3 2 IV Angio 100 -

Twomey 2005 13 13 IV Tc99 81 -

Cauchy 2011 47 16 IV Tc99 96.9 -

Johnson 2011 11 11 IV Tc99 60.9 -

Jones 2017 15 12 IV Tc99 72.5 unk

Nygaard 2017 73 45 IV Tc99 74 55

Wexler 2017 6 6 IV None 75.4 -

Lacey 2021 165 125 IV Tc99 & MA 84.6 54.3

Carmichael 2021 199 72 IV Visual & Tc99 68.1 59.8

Poole** 2021 22 5 IV+iloprost None 50 -

IA 285 125 73.8 76.7

IV 532 302 79.3 77.1

Total 817 427 76.5 77 46.5
Abbreviations: h, hours; IA, intra-arterial; IV, intravascular; tPA, thrombolytics; unk, unknown.

Amputation 
Rate

23% tPA
54% no tPA



Summary patients treated with and without thrombolytics and resulting salvage rate

Author Year

Total Number 

of Patients

Number of 

Patients 

Treated with 

tPA Delivery Route Imaging

Digit, segment, 

or overall 

Salvage tPA*

Weighted 

Averages tPA

Digit, segment, or 

overall Salvage 

no tPA/adjuvant 

therapy alone*

Twomey 2005 6 6 IA Angio 50 -

Bruen 2007 32 6 IA Angio 90 49

Taveri 2016 13 13 IA Angio 83 -

Gonzaga 2016 69 62 IA Angio 68.6 unk

Linford 2017 14 9 IA Angio 81.1 unk

Patel 2017 17 8 IA Angio 85 23

Al Yafi 2019 18 9 IA Angio 44.4 33.3

Paine 2020 17 5 IA Angio 80 unk

Heard 2020 99 7 IA Angio 82 64.3

Heard 2020 3 2 IV Angio 100 -

Twomey 2005 13 13 IV Tc99 81 -

Cauchy 2011 47 16 IV Tc99 96.9 -

Johnson 2011 11 11 IV Tc99 60.9 -

Jones 2017 15 12 IV Tc99 72.5 unk

Nygaard 2017 73 45 IV Tc99 74 55

Wexler 2017 6 6 IV None 75.4 -

Lacey 2021 165 125 IV Tc99 & MA 84.6 54.3

Carmichael 2021 199 72 IV Visual & Tc99 68.1 59.8

Poole** 2021 22 5 IV+iloprost None 50 -

IA 285 125 73.8 76.7

IV 532 302 79.3 77.1

Total 817 427 76.5 77 46.5
Abbreviations: h, hours; IA, intra-arterial; IV, intravascular; tPA, thrombolytics; unk, unknown.

Amputation Rate
IA 23.3%
IV 22.9%



Time Is Tissue

• Every hour delay 28% 

decrease in salvage

• Remote Thrombolytic Role

• 2.3% complication (N=2)

• Efficacious (OR 0.19, 0.05-

0.65)

• Earlier delivery -> better 

outcomes
Nygaard RM, Lacey AM, Lemere A, Dole M, Gayken JR, Lambert Wagner AL, Fey RM. Time Matters in Severe 
Frostbite: Assessment of Limb/Digit Salvage on the Individual Patient Level. J Burn Care Res. 2017
Carmichael H, Michel S, Smith TM, Duffy PS, Wiktor AJ, Lambert Wagner A. Remote Delivery of Thrombolytics 
Prior to Transfer to a Regional Burn Center for Tissue Salvage in Frostbite: A Single-center Experience of 199 
Patients. J Burn Care Res. 2022



Time Is Tissue, but

…treatment can 

be effective out to 

a wider range of 
times.



Bleeding complications in severe frostbite

Category 3

Bleed

Significant 
Intervention

Category 2

Bleed

Management

Modification

Category 1

Bleed

Not clinically 
significant

Category 0

No Bleed

No tPA

tPA

40 (88.9)

91 (63.6)

3 (6.7)

33 (23.1)

0 (0)

9 (6.3)

2 (4.4)

10 (7.0)

9/143 (6.3%) 
within 12 
hours tPA

Timing

0 – 576 hours

12/143 
(8.4%) within 
24 hours tPA

Murphy JE, Winters MK, Rogers C, Walter E, Neumann N, Weber L, Lacey AM, Punjabi G, Endorf FW, Nygaard RM. 

Bleeding Complications in Patients With Severe Frostbite Injury. J. Burn Care Res. 44, 745–750 (2022). 



Vasodilators – Iloprost

• Mechanism of Action:

Iloprost is a prostacyclin 

analog that acts on 

prostaglandin I2 (PGI2) 

receptors 

• inhibits platelet aggregation and causes 

vasodilation

Josianne Gauthier, Dunavan Morris-Janzen & Alexander Poole (2023) Iloprost for the 

treatment of frostbite: a scoping review, International Journal of Circumpolar Health, 82:1, 

2189552, DOI: 10.1080/22423982.2023.2189552





Josianne Gauthier, Dunavan Morris-Janzen & Alexander Poole (2023) Iloprost for the 

treatment of frostbite: a scoping review, International Journal of Circumpolar Health, 82:1, 

2189552, DOI: 10.1080/22423982.2023.2189552

Overall amputation 

rate following iloprost 

ranges from 0-100%, 

but most showed 

improvement



Josianne Gauthier, Dunavan Morris-Janzen & Alexander Poole (2023) Iloprost for the 

treatment of frostbite: a scoping review, International Journal of Circumpolar Health, 82:1, 

2189552, DOI: 10.1080/22423982.2023.2189552

Close to U.S. frostbite 

population from 

published literature

Amputation for severe 

injury from 18-46% 

treated with iloprost



Specific Aim 3: To evaluate the impact of 

thrombolytics (and iloprost) on early tissue 

salvage. 



Antithrombotic: Anticoagulants & 
Antiplatelets

Freer, Luanne & Handford, Charles & Imray, Chris. (2016). Frostbite 

in Auerbach's Wilderness Medicine, 2-Volume Set, 7th Edition. 



Anti-inflammatory Agents – Ibuprofen

Effect on Frostbite: Ibuprofen 

inhibits COX enzymes 

reducing production of 

prostaglandins

Popularized in the 80’s – 

confirmatory studies needed

Josianne Gauthier, Dunavan Morris-Janzen & Alexander Poole (2023) Iloprost for the 

treatment of frostbite: a scoping review, International Journal of Circumpolar Health, 82:1, 

2189552, DOI: 10.1080/22423982.2023.2189552



Regli, I.B.; Strapazzon, G.; Falla, M.; Oberhammer, R.; Brugger, H. Long-Term Sequelae of Frostbite—A Scoping 
Review. Int. J. Environ. Res. Public Health 2021, 18, 9655. https://doi.org/10.3390/ijerph18189655

iloprost tPA

IBU
ASA

LMWH

Rapid 

rewarming



Cold injury and polytrauma

National Inpatient Sample 
Frostbite patients (N=8085) 

• crush injuries (1%)

• fractures (4%)

• intracranial hemorrhage (3.7%)

• other wounds (3.8%)



Future
• Next year: first data from FROST 

multicenter study
• tPA vs iloprost vs combination

• Aspirin vs LMWH vs warfarin

• Accuracy of visual assessment with perfusion 

imaging/grade

• Contact me if you’d like to 

participate in non-funded substudy 

evaluating frostbite injury at the 

extremes of age

My backyard 4/1/2023

Email: Rachel.Nygaard@hcmed.org
Frostbite.research@gmail.com

mailto:Rachel.Nygaard@hcmed.org


Department of Surgery

Hennepin Healthcare



Cold ischemia time >> warm ischemia time

• <6 hours



Complications associated with frostbite

Unplanned 
readmission

N=842 

Complications
N=452 (53.7%) 

Infection or 
Cellulitis

Non-healing 
wound

Amputation

Endorf FW, Nygaard RM. High Cost and Resource Utilization of Frostbite Readmissions in the United States. J Burn Care Res. 2021
Shenaq DS, Beederman M, O'Connor A, Teele M, Robinson MR, Gottlieb LJ. Urban Frostbite: Strategies for Limb Salvage. J Burn Care Res. 2019
Urschel JD. Frostbite: predisposing factors and predictors of poor outcome. J Trauma. 1990
Valnicek SM, Chasmar LR, Clapson JB. Frostbite in the prairies: a 12-year review. Plast Reconstr Surg. 1993



Frostbite
13 (24%)

Debridement Alone
5 (31%)

Amputation Alone
6 (38%)

Both 
5 (31%)

Infection or Cellulitis
6 (38%)

Coward A, Endorf FW, Nygaard RM. Revision Surgery Following Severe Frostbite Injury 
Compared to Similar Hand and Foot Burns. J Burn Care Res. 2022

Revision Surgery



Long-term outcomes

Among 493 patients from five studies, 

341 (69%) had long term impairments. 



Objectives

• Understanding frostbite 

• Best practices

• Outcomes

• Future studies





Frostbite impact on the military

• Armed Forces Health Surveillance Division. Cold Weather Injuries Among the Active and Reserve 
Components of the U.S. Armed Forces, July 2018-June 2023. MSMR. 2023 Nov 20;30(11):2-11. PMID: 
38051632.

• Armed Forces Health Surveillance Division. Update: Cold Weather Injuries, Active and Reserve 
Components, U.S. Armed Forces, July 2015-June 2020. MSMR. 2020 Nov;27(11):15-24. 

• Endorf FW, Nygaard RM. Social Determinants of Poor Outcomes Following Frostbite Injury: A Study of the 
National Inpatient Sample. J Burn Care Res. 2021 Nov 24;42(6):1261-1265. 



After rewarming

Case 1

Case 2

Case 3

Imaging Progression Outcome
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Imaging Progression Outcome



After rewarming

Case 1

Case 2

Case 3

Imaging Progression Outcome



• Pharmacy
• Ibuprofen - 600 mg TID with meals
• Gabapentin - 300 mg TID 
• Lovenox therapeutic dose x 7 days post tPA

• prophylactic dose while inpatient
• Aspirin 81mg as outpatient

• PT/OT
• Provide adaptive equipment
• Active ROM and blocking exercises 

• Wound cares (daily)
• Baby soap and water
• Topical aloe & Bacitracin
• Conforming gauze & elastic flex netting 

Supportive Cares
• Surgery

• Debride and remove serous 

blisters

• Small blisters (around ~1cm 

or less) without significant 

fluid, may be left intact 

regardless of their nature

• Leave hemorrhagic blisters 

intact - debride after 72 

hours
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