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Clinical Analysis of Frostbite

Jang Kyu Choi, M.D., Hyun Chul Kim, M.D., Ph D., Hong Kyung Shin, M.D.

Department of Surgery, The Armed Forces Capital Hospital, Gyeonggi-do, Korea

Purpose: Frostbite can affect still soldiers. Initial clinical manifestations are similar for superficial and deep frostbite,
so early treatment is identical. It is under-estimated by physicians. We try to identify the challenges of managing these
complex tissue injuries.

Methods: A retrospective analysis of 84 patients hospitalized at AFCH from 2009 to 2015 was conducted. We investi-
gated differences of epidemiological characteristics, identification of soft tissue injury, treatment and complications
between superficial (SF: 43; 51.2%) and deep (DF: 41; 48.8%) frostbite.

Results: The major (94.0%) developed frostbite in dry circumstances (89.3%). Wet circumstances (66.7%) were more
susceptible to DF rather than dry (46.7%). The 38 (45.2%) arrived to specialist within 7days. Most prone sites were feet,
followed by hands. Toes had more deep injuries. DF presented more increased levels of ALT, CPK, CKMB, CRP. The
bone scan of W+S+ was 48.3%, 87.1% and W+S- was 20.7%, 12.9%, respectively. The treatment resulted in improved
or normalized perfusion scan with matching clinical improvement. It was a good tool to assess treatment response.
Eighteen normal and 8 stenotic type of PCR resulted in normal with matching clinical improvement. One continuous
obstructive waveform led to minor amputation. Twelve underwent both PCR and MRA. Among 6 normal PCR, 5 showed
normal and one stenosis in MRA. All 5 stenosis and one obstruction showed the same findings in MRA. It was a good
tool to evaluate vascular compromise. They were treated with rapid rewarming (11.6%, 22.0%), hydrotherapy (16.3%,
29.3%), respectively. Six (14.6%) underwent STSG, 2 (4.9%) had digital amputation in DF. Berasil, Ibuprofen, Trental
were commonly administered. PGE1 was administered selectively for 6.8, 10.8 days, respectively. Raynaud’s syndrome
(16.3%), CRPS (4.7%), LOM (14.6%) and toe deformity (4.9%) were specific sequelae.

Conclusion: We should recommend intensive foot care education, early rewarming and evacuation to specialized
units. The bone scanning and PCR should allow for a more aggressive and active approach to the management of tissue
viability. [ J Trauma Inj 2015; 28: 158-169 |
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Table 1. Patient demographics.

Group 1 Group 2 Total
(n=43) (100) (n=41) (100) (n=84) (100) pvalue
Age (yr) 0.786
Mean 20.7+2.2 209+23 20.8+2.2
(19-33) (19-30) (19-33)
Incidence Y ear 0.18
2009 8(18.6) 7(17.2) 15(17.9)
2010 10(23.3) 14 (34.1) 24 (28.6)
2011 6 (14) 12 (29.3) 18 (21.4)
2012 9(20.9) 4(9.8) 13 (15.5)
2013 7(16.3) 2( 4.9) 9(10.7)
2014 3(7) 2( 4.9) 5(6)
Environment 0.218
Dry 40 (93) 35(85.4) 75 (89.3)
Wet 3(7) 6 (14.6) 9(10.7)
(' ): % within Group, p Vaue; Year<0.001, Environment* Depth=0.030
Table 2. Transfer pathway, onset.
Group 1 Group 2 Total
(n=43) (100) (n=41) (100) (n=84) (100) pvalue
Pathway from 0.962
Primary H 35(81.4) 34 (82.9) 69 (82.1)
Secondary H 5(11.6) 4(9.8) 9(10.7)
CivilianH 3( 7.0 3(73) 6(71)
Onset PFD 0.998
Mean 14.8+19.6 (0-88) 14.8+15.9 (1-88) 14.8+17.8 (0-88)
Admission PFD 0.149
<3 13(30.2) 11 (26.8) 24 (28.6)
4-7 8(18.6) 6 (14.6) 14 (16.7)
(Early <7) 21 (48.8) 17 (41.5) 38(45.2)
8-14 12 (27.9) 10 (24.4) 22 (26.2)
15-30 3( 7.0 11 (26.8) 14 (16.7)
>31 7 (16.3) 3(73) 10 (11.9)
(Late >8) 22 (51.2) 24 (58.5) 46 (54.8)

PFD: post frosthite day, (  ): % within group, p value; Early*Late=0.323
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Table 3. Site and degree of frostbite.
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Group 1 Group 2 Total
(n=43) (100) (n=41) (100) (n=84) (100) pvalue
Multiplicity 0.022
Simple 19 (44.2) 28 (68.3) 47 (56.0)
Multiple 24 (55.8) 13(31.7) 37 (44.0)
Site 0.060
R hand 16 (37.2) [76.2] 5(12.2) [23.8] 21 (25.0) [100]
L hand 13(30.2) [72.2] 5(12.2) [27.8] 18 (21.4) [100]
R foot 18 (41.9) [42.9] 24 (58.5) [57.1] 42 (50.0) [100]
L foot 20 (46.5) [50.0] 20 (48.8) [50.0] 40 (47.6) [100Q]
Face 2( 4.7)[66.7] 1( 24)[33.3] 3( 3.6) [100]
(Total) 69 (160.5) [55.6] 55 (134.1) [44.4] 124 (147.6) [100]
(' ):%withingroup, [ ]: % within site iterm, p value Hand* Foot; Site:0.003, Depth: = 0.006
Table 4. Laboratory findings.
Group 1 [N=43] Group 2 [N=41] Total [N=84] p value
AST (lu/L) (n=40) (100) (n=38) (100) (n=78) (100) 0.072
<35 33(82.5) 24 (63.2) 57 (73.1)
36~100 7(17.5) 11 (28.9) 18(23.1)
>101 3(79) 3( 3.8)
Time (d) 14.6+20.0 (0-88) 15.0+16.3 (1-88) 14.8+18.2 (0-88) 0.928
ALT (Iu/L) (n=40) (100) (n=38) (100) (n=78) (100) 0.043
<40 35(87.5) 25 (65.8) 60 (76.9)
41~100 5(12.5) 10 (26.3) 15 (19.2)
>101 3(79) 3( 3.8)
Time (d) 14.6+20.0 (0-88) 15.0+16.3 (1-88) 14.8+18.2 (0-88) 0.928
CPK (Iu/L) (n=25) (100) (n=25) (100) (N=50) (100) 0.031
<174 22 (88.0) 16 (64.0) 38 (76.0)
175~500 3(12.0) 3(12.0) 6 (12.0)
>501 6(24.0) 6 (12.0)
Time (d) 14.9+17.7 (0-62) 12.4+11.6 (1-45) 13.7+14.9 (0-62) 0.567
LDH (lu/L) (n=24) (100) (n=24) (100) (n=48) (100) 0.278
<378 16 (66.7) 13(54.2) 29 (60.4)
379~1,000 8(33.3) 11 (45.8) 19 (39.6)
Time (d) 13.5+16.9 (0-62) 12.7+11.8 (1-45) 13.1+14.4 (0-62) 0.859
CKMB (luL) (n=21) (100) (n=19) (100) (n=40) (100) 0.030
<25 16 (76.2) 8(42.1) 24 (60.0)
26~100 5(23.8) 11 (57.9) 16 (40.0)
Time (d) 16.8+18.7 (0-62) 12.5+11.6 (1-45) 14.8+15.7 (0-62) 0.395
CRP (mg/dL) (n=26) (100) (n=24) (100) (n=50) (100) 0.023
<1.0 25(96.2) 16 (66.7) 41 (82.0)
1.1~10 1( 398 5(20.8) 6 (12.0)
10.1~50.0 3(12.5) 3( 6.0)
Time (d) 12.9+17.6 (0-62) 11.9+12.1(1-45) 12.4+15.1 (0-62) 0.816

(d): post frostbite day, ( ): % within group examinee
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A $27F A ol o' ZTEQANE ZF 1F 2ol 7}

e AL ASTO LDHE Z2 79(17.5%)3 14
(36.8%), 88(33.3%)7} 111 (45.8%)°1%1tt. A2l A ©]
AR B BYd A ALT (5%, 12.5%: 13%
34.2%), CPK (39, 12.0%; 9%, 36.0%), CKMB (5%
23.8%:; 118, 57.9%), CRP (18, 3.8%:; 8, 33.3%)°| 3t}
(Table 4).

Table 5. Result of bone scan by post frostbite day.
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Group 1 Group 2 Totd
Scan (n=29) (100) (n=31) (100) (n=60) (100)  Pvaue
Total 29 (100) 31 (100) 60 (100) 0.012
W4SH 14 (483) 27 (87.1) 41(683)
W+S- 6(20.7) 4(12.9) 10 (16.7)
W-S- 9(3L0) 9(15.0)
Interval (PFD)
<ow 8 (27.6) [100] 13 (41.9) [100] 21(35.0)[100]  0.115
W4SH 4(13.8) [50.0] 11 (35.5) [84.6] 15 (25.0) [71.4]
W4S 4(13.8) [50.0] 2( 6.5)[15.4] 6 (10.0) [28.6]
2w-aw 11(37.9) [100] 12(38.7) [100] 23 (38.3) [100]
W4SH 8(27.6) [72.7] 11 (35.5) [91.7] 19 (31.7) [82.6]
W4S 1( 34)[ 9] 1(32)[ 83 2(33)] 87]
W-S- 2( 6.9)[182] 2(33)] 87]
Aw-8w 5 (17.2) [100] 5 (16.1) [100] 10 (16.7) [100]
W4SH 1( 3.4)[20.0] 4(12.9) [80.0] 5( 8.3) [50.0]
WS 1( 3.4)[20.0] 1( 3.2)[200] 2( 3.3)[20.0]
W-S- 3(10.3) [60.0] 3( 5.0)[30.0]
8w 5 (17.2) [100] 1( 3.2)[100] 6(10.0)[100]  0.333
W4SH 1( 34)[20.0] 1( 3.2)[100] 2( 33)[333]
W-S- 4(13.8) [80.0] 4( 6.7)[66.7]
Time (PFD) 3794439 (3-153)  190+153(1-57)  281+336(1-153) 0.028

PFD: post frostbite day, ( ): % within group, [ ]: % within group interval examinee, p value; Group 1=0.012, Group 2=0.881
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Table 6. Result of MRA by PCR waveform.
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ic notch7t $1+ monophasic wave®s E&¥(stenotic
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At A1) 182 ol FFto] Yo =4 ¥ 36
Ao AA CT sHER Y5, o 182 sHA 9 At
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PCR, MRA Bk 94402 85 Afe) 4o] 0|45
U, 4 PCR AAleIA] A4H02 Bl sao] Mol

H]—O]-JE_ ] J m%

Not Normal Stenosis Obstruction Tota
(n=15) (n=6) (n=10) (n=2) (n=33) pvalue
MRA((total) 6(33.3) 10 (55.6) 2(11.1) 18 (100) 0.549
Group 1 2(33.3) 4(66.7) 6 (100)
Group 2 4(33.3) 6 (50.0) 2(16.7) 12 (100)
PCR: Not 1(16.7) 4(66.7) 1(16.7) 6 (100) 0.269
Group 1 1(50.0) 1(50.0) 2 (100)
Group 2 3(75.0) 1(25.0) 4 (100)
PCR: Done 15 (55.6) 5(18.5) 6(22.2) 1(37) 27 (100) <0.001
Group 1 12 (75.0) 1( 6.3) 3(18.8) 16 (100) 0.169
Group 2 3(27.3) 4(36.4) 3(27.3) 1(91) 11 (100) 0.001
Normal 13(68.4) 5(26.3) 1( 5.3) 19 (100)
Group 1 10 (83.3) 1( 8.3) 1( 8.3) 12 (100)
Group 2 3(42.9) 4(57.1) 7 (100)
Stenosis 2(28.6) 5(71.4) 7 (100) 0.286
Group 1 2(50.0) 2(50.0) 4 (100)
Group 2 3(100) 3(100)
Obstruction 1(100) 1(100)
Group 2 1(100) 1(100)
Time (PFD)
PCR (Total) (n=27) 24.4+15.7 (2-60) 0.921
Group 1 (n=16) 25.0+17.7 (2-60)
Group 2 (n=11) 24.4+13.8 (4-47)
MRA (Total) (n=18) 36.3+30.4 (10-143) 0.180
Group 1 (n=6) 50.2+48.3 (14-143)

Group 2 (n=12)

29.4+14.6 (10-61)

PFD: post frosthite day, ( ): % within group PCR iterm
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PFD: post frostbite day, STSG: split thickness skin graft
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LOM: limitation of movement, CRPS: complex regional pain syndrome, p value=0.560
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