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Rhabdomyolysis induced by venomous snake bite
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Purpose: Despite previous studies reporting the development of rhabdomyolysis (RM), this affliction tends to be neglected as an
envenomation sign in South Korea. The current retrospective study investigates the prevalence and prognosis of RM after a
snakebite. We further searched for predictors of snakebite-induced RM, which can be observed at presentation.

Methods: This study included 231 patients who presented to the ED within 24 hours after a snakebite. The patients were classi-
fied according to the severity of RM, and the data, comprising baseline characteristics and clinical course including the level of cre-
atine kinase (CK), were collected and compared according to the severity of RM.

Results: The prevalence of RM and severe RM were determined to be 39% and 18.5%, respectively. Compared to the group
without RM or with mild RM, the group with severe RM had a higher grade of local swelling, a higher frequency of acute kidney
injury and neurotoxicity, and a greater need for renal replacement therapy and vasopressor administration. However, the incidence
of acute renal injury in the RM group was 7.7%, with two patients needing renal replacement therapy. No mortalities were reported
at discharge. Results of the multinomial logistic regression model revealed that the WBC levels are significantly associated with
the risk of severe RM.

Conclusion: RM should be considered the primary clinical sign of snake envenomation in South Korea, although it does not seem
to worsen the clinical course. In particular, physicians should pay attention to patients who present with leukocytosis after a
snakebite, which indicates the risk of developing RM, regardless of the CK level at presentation.
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Table 1. The baseline characteristics of total patients according to the development of rhabdomyolysis (RM)

Variable No RM (N=141) Mild RM (N=47)  Severe RM (N=43)  Total (N=231) p value
Age (years) 62 (51.5-71) 62 (53-71) 68 (53-76) 63 (52-72) 0.108
Body mass index (kg/m?) 22.6 (20.9-24.8) 24.2 (22.2-25.5) 21.5(20.7-23.9) 22.8 (21-24.9) 0.085

Systolic blood pressure (mmHg) 130 (120-140) 130 (120-150) 130 (120-150) 130 (120-150) 0.912
Male (%) 118 (83.7) 33(70.2) 32 (74.4) 183 (79.2) 0.099
Hypertension (%) 21 (14.9) 11 (23.4) 10 (23.3) 42 (18.2) 0.268
Diabetes mellitus (%)*' 11 (7.8) 9(19.1) 2(4.7) 22 (9.5) 0.035
Season for snake bite (%) 0.607
Spring 31(22) 14 (29.8) 9 (20.9) 54 (23.4)
Summer 85 (60.3) 24 (51.1) 22 (51.2) 131 (56.7)
Fall 24 (17) 9(19.1) 12 (27.9) 45 (19.5)
Winter 1(0.7) 0 0 1(0.4)
The location of bite wound (%) 0.400
Upper extremity 104 (73.8) 35 (74.5) 36 (83.7) 175 (75.8)
Lower extremity 37 (26.2) 12 (25.5) 7(16.3) 56 (24.2)
Initial Traditional snakebite <0.001
severity score (%)*'
0 4(2.8) 0 0 4(1.7)
I 101 (71.8) 25 (53.2) 10 (23.3) 136 (58.9)
I 33(23.4) 19 (40.4) 23 (53.5) 75 (32.5)
1 3(2.1) 3(6.4) 8 (18.6) 14 (6.1)
v 0 0 2(4.7) 2(0.9)
First aid applied (%) 0.325
Laceration 8 (5.7) 1(2.1) 2(4.7) 11 (4.8)
Suction 2(1.4) 2(4.3) 3(7) 7(3)
Banding 14 (9.9) 4 (8.5) 1(2.3) 19 (8.2)
Laboratory finding At presentation
White blood cell count (10%/uL)*" 8.1(6-10.4) 9 (7.2-11.9) 12 (8-16.2) 8.7 (6.7-11.6) <0.001

Hemoglobin (g/dl)
Platelet (10%/mm?)
Arterial HCO3 (mEg/L)""
Fibrinogen (mg/dL)

13.7 (12.6-15.2)  13.9 (13.2-14.7) 14.4 (13-15.7)  13.8(12.8-151)  0.073
228 (184.5-268.5) 205 (186-255) 222 (190-269) 221 (186-266) 0.163
24.3(22.8-26.3)  24.6(22.6-25.9)  22.3(19.8-26.3)  24.3(22.4-259)  0.004

253 (215.6-297.5) 221 (179.2-254.4) 243 (193.5-283.9) 242 (204.2-288.8)  0.134

D-dimer (g/L)" 0.3 (01-0.6) 0.35(0.16-0.95)  0.73(0.27-1.36)  0.35(0.16-0.81)  0.002
Blood urea nitrogen (mg/dL) 16.5 (12.7-19.6)  16.4 (12.5-20.1) 16.1 (13-21.3) 16.4 (12.8-20.4)  0.929
Creatinine (mg/dL)* 0.7 (0.6-0.86) 0.8 (0.6-1) 0.75 (0.7-0.9) 0.7 (0.6-0.9) 0.023
Aspartate aminotransferase (IU/L)*" 25 (20-30) 33 (26-48) 133 (32-333) 28 (22-39) <0.001
Alanine aminotransferase (IU/L)"" 18 (14-26) 21 (15-37) 43 (19-64) 21 (15-34) <0.001

Troponin | (ng/mL)
Creatine Kinase: CK (U/L)""
Peak CK during admission (U/L)""

0.01 (0.01-0.02)
170 (101-243)
185 (120-369)

0.01(0.01-0.017)  0.014 (0.01-0.03)  0.01(0.01-0.02)  0.538
321(193-1190) 2,843 (313-10937) 215 (123-419)  <0.001
2,154 (1370-3132) 8,640 (6831-27988) 420 (160-3000)  <0.001

Delay from bite to first antivenom (hr) 1(1-3.8) 2 (1-5) 2(1-8.2) 1(1-4) 0.250
Total administered antivenom (vial) * 1(1-2) 2(1-3) 2 (2-3) 2(1-2) <0.001
Intensive care unit admission (%)’ 2(1.4) 1(2.1) 8 (18.6) 11 (4.8) <0.001
Hospitalization (days)’ 4 (2-6) 6 (5-9) 8 (5-10) 5(3-7) <0.001

*: no RM vs. mild RM p<0.05

":no RM vs. severe RM p<0.05

“: no RM vs. severe RM p<0.005

: no RM vs. severe RM p<0.001

: mild RM vs. severe RM p<0.05
: mild RM vs. severe RM p<0.001
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Table 2. Clinical course of patients after snake bite according to the development of rhabdomyolysis (RM)

Variable No RM Mild RM Severe RM Total Sl
(N=141) (N=47) (N=43) (N=231)
Highest local swelling grade (%)*™* <0.001
| 47 (33.3) 3(6.4) 2 (4.8) 52 (22.6)
I 47 (33.3) 11 (23.4) 5(11.9) 63 (27.4)
1 29 (20.6) 26 (55.3) 16 (38.1) 71 (30.9)
v 12 (8.5) 6 (12.8) 9(21.4) 27 (11.7)
\Y 6 (4.3) 1(2.1) 10 (23.8) 17 (7.4)
Disseminated intravascular coagulation (%) " 4(2.8) 4 (8.5) 5(11.6) 13 (5.6) 0.057
Acute kidney injury (%) 1(0.7) 1(2.1) 6 (14) 8 (3.5) <0.001
Renal replacement therapy (%) " 0 0 2(4.7) 2(0.9) 0.012
Vasopressor administration (%)"" 1(0.7) 0 7(16.3) 8(3.5) <0.001
Neurotoxicity (%)* 9 (6.4) 7(14.9) 11 (25.6) 27 (11.7) 0.002

:no RM vs. mild RM p<0.001
:no RM vs. severe RM p<0.05
:no RM vs. severe RM p<0.001

- mild RM vs. severe RM p<0.05

: mild RM vs. severe RM p<0.005

[

54



0|HS 2 TAt i T UMsl= EE2 S
Table 3. Results of multinomial logistic regression modelling of factors associated with rhabdomyolysis (RM)

. Mild RM Severe RM
Vel IR OR (95% CI) p value OR (95% CI) p value
Initial Traditional snakebite severity score Ref.

0 3.5987E-7 (0-) 0.995 1.378E-14 (0-) 0.995
| 1.877 (0.298-11.82) 0.503 3.395E-8 (0-) 0.997
I 4,953 (0.747-32.83) 0.097 1.710E-7 (0-) 0.997
1] 5.713 (5.173-5.713) 5.382E-7 (0-) 0.998
v
Diabetes mellitus Ref. 0.460 (0.138-1.531) 0.206 4,717 (0.450-49.38) 0.195
White blood cell count (10%/uL) Ref. 1.013 (0.881-1.190) 0.758 1.179 (1.049-1.325) 0.006
Arterial HCOz (mEq/L) Ref. 1.055 (0.940-1.183) 0.366 0.967 (0.823-1.136) 0.684
D-dimer (g/L) Ref. 1.024 (0.881-1.190) 0.758 1.048 (0.914-1.203) 0.500
Creatinine (mg/dL) Ref. 4.038 (0.934-17.46) 0.062 1.257 (0.175-9.049) 0.195

A el SAA S F shhe nesolol Aok 4

R AT M AT T T ALl
AT ot 4 el el et thas zpoly
4 Aot 74 GFEFS T FR24AF0] BT A

o T
30,
)
=
=

ol A FA At HAEL 13-50%0] ™, 15.8% kAol A Al)
A oS daz gy, 2t B AFAE U =4}

o

4T FEgalTol A 90T SixlellA] T4 Al
&L 78%N=, 2% Q2.2%) o014 AdA 8-S Attt =
3 FEZFANT Y APGEL By Aol w2} 3-46%<] vHE,
B AFoME JEZFATS B 84 BF AEste] HY

Aol vl G353t e FEIFIANT T 54 AET 24
We]713o] ©s] CKell oaf BAsl= Zo] obde}, Al
HE, AR 0 -IN S5 Fol s 2] FAsL AN
& 5ol g AdaErE, Al At A T H3 71
o ofs WAYsh= Z0]7] whEd Aoleh, w3 AlE-L B
< gl A A9 FubE Aol o) AR HH, Il FAL
f 2R ] APELS vl S TEu CK S At 54
A =S skl AR, B AFelld 54 A
F A ES AhA QO Al Eo] FSellA o] Al =
1, o 2k &/gellA Har CK7} 5000 U/L o341 734 A1
—

4o X2 rp > K
o,

fe X (o ox rfy

}
=
2} A 29 Darol Erks dTdstsl At
TN E FETEZL HolA) B 19(0.7%) B
£ 4 Aol wAEter ol SAF w4 ¥ Ueht
A el o] BEEF Bk ol WEo 9@
A A, 34 F ehbs AU, G § o3
utlll r

5 i YELe] o B B Fo= B

=2
X

boplastine] 8] =o] 3tg daAY §
o], SYHE el d oo Qs Ada o] vl 5 gl
o2 B AFoM FE5TL Ao T FE2gdl

o]x) e T ulshA, s B 8
of%, FBAY Y% Btk FEZ AT WS YR
SJ3) wPPshs o) S oot ABgre] WAL EAAAS
Aoz Az ar,

3 APl AA 82 AW B4 23 U9 F CK A
3|7} 61000 U/LY] 71A4] Ake} 99 5= CK Za2x]7} 79300
U/LY] 844 BAE BT Bl F4 A0 AhAl 2
S wgkeh, 53] 714 B9 4% Al CKE 513 U/LO.
9 F HuAo vjsh vlnA e K $AE B, w3
AETok S5 A 2349} oF 11.9%014] VA CKE
A A W9 el A ol FAF I BabollA] ¢
F A429 CK 24ke] BAE HolZe},

2 ATl AARYAN BT 35 FEL AT
Y} ko] glgieh, olsk fAksA, covid 19 79 B4
HE2 §315L B B A Fo) FAke N WET
= Zafaho] Qo) GEda TAATL ol A F9T.
wehd Qelse S ad 84S Az A e 9ET
A7) okl % 1% WA CK #2407} delehs 57 3
2T B 7F RS 9ol Folok T Rojk. & AT
oA B4 g MEPesL JRESEAZ ARl A
Aol e AA et 25 A7 Basiel, B ALES
olofl sl 1A A7} 71 AFF Alshar gl

T SA e Bol 8] s, SA el A
B ool ojgel MAISHE A 71 T AL 3 B4 2
a5} AR,

aet B Aol T e ARl gk A
FRel dek 9% el olrt Qo] HE2§30Z
54} FRl Wt kg 4 glrk, et el A
E7b 43S} B4 29k, BA50] AL B4
S FalAv mA Eshe 397k ek S, 59
ol Aol mreh WS R ol 9hg 5
ATE W A S ] o] ol
Agkg Fu AAZ duskshel AAlel AT AA, 3

A

=

ox il
°

At

>

2 32
i

4 it o2 = 1o
e & =t oY o s
A i
4z ao H{r N

¢



J Korean Soc Clin Toxicol 2022;20(2):51-57

=

rpr
o

AF ol A8 27] o) A2} 283 A7)
DA U PE2EAT oAl B3
o FH A fg%
$504 2, Az Py

314 2aleke Heltt. :IEM, :FHOH o}
A B A 2 ADEE T A
Aok BT AP vl Yot

# S e o

o.u
>

¢

ﬁ
[o
N >\’
N XL

04
o b
oy
)
=§=
5o
L
o tol,
cid,
o o W
e
LL“ o

El

o, A

ot ol
2l oXx

= B o

i
N

ol e

2o
ro,
[o
kl
j&m
9.2:
T-.
_Q
lF
5
3
_ﬂ
o
S,
2

Bl ox Mt of foir fz

o] A &= o vl %“%%Oﬂ*

Sol T4 AL TR el 7

E
e
A
Y
M
e
‘o
I

A =

[

B 34 AL LU A 8 AEE ol 54
s BA9) QU Botel AR A2 G A ke Ao

B}, ¥ A CK 37 A4 M eleldes 35 3
FEgFol B9 gonz 4 £F CK 4 FApH
gog st 55 94 BAFEAH 5ol g B
e 3% RREEE B AU Fone el F

o7t B8 & s},

ORCID

Jungho Lee (https://orcid.org/0000-0003-0740-9725)
Jeongmi Moon (https://orcid.org/0000-0002-9182-5475)

ACKNOWLEDGMENTS

A A Y: o] A= ARHE e RFAIT) Y Alde
2 AT AGY APE ol F3PE AT (NRF-
2022R1A2C2013209)

o] =2 gkl dEAdets] Ao} th2 &3] FAl| F

E|A] gko v ool vhe g3l Ao AlAE A o] YlFyTh
REFERENCES

1. Available at https://www.who.int/docs/default-
source/searo/indiahed th-topi c-pdf/who-gui dance-on-manage-
ment-of-snakebites.pdf 2sfvran=5528d0cf_2. Accessed at July

56

10.

11

12.

13.

14.

15.

16.

17.

18.

28, 2022.

Lim H, Kang HG, Kim KH. Antivenom for snake bitein Korea.
JKoreaMed Assoc 2013;56(12):1091-103.

Kang SH, Moon JM, Chun BJ. Does the traditional snakebite
severity score correctly classify the envenomated patients with
snake? Clin Exp Emerg Med. 2016;3(1):34-40.

ShimJH, SonYJ, Lee SS, Pak KS, Oh HB, Park Y D. Ecologica
study on poisonous snake and investigation of the venom char-
acterigtics, snakebiting frequency in korea. Korean J Environ
Ecol 1998;12:58-77.

WilliamsHF, Layfidd HJ, Vdlance T, Patdl K, Bickndl A, Trim
SA, et a. The urgent need to develop nove srategies for the
diagnosisand trestment of snakebites. Toxins 2019;11:363
Moon JM, Koo Y J, Chun BJ, Park KH, Cho YS, Kim JC, et d.
The effect of myocardia injury on the clinical course of snake
envenomation in South Korea. Clin Toxicdl (Phila) 2021,59(4):286-
%,

ChaYS, LeeKH, Lee SJ, Kwon HC, Lee W, Kim HI, et al.
Usefulness of delta neutrophil index for early prediction of
overt disseminated intravascular coagulopathy in patients with
venomous snakebite. Clin Exp Emerg Med 2018;5(2):76-83.
Park KH, Shin H, Kang H, Kim C, Choi HJ, Yoo K, et .
Effectiveness of repeated antivenom thergpy for snakebite relat-
ed systemic complications. JInt Med Res 2019;47(10):4808-14
Long B, Koyfman A, Gottlieb M. An evidence-based narra-
tive review of the emergency department evaluation and mar+
agement of rhabdomyolysis. Am J Emerg Med 2019;37(3):518
2

Zutt R, van der Kooi AJ, Linthorst GE, Wanders RJA, de Visser
M. Rhabdomyolysis: review of the literature. Neuromuscul
Disord, 2014;24:651-9.

Torres PA, Helmstetter JA, Kaye AM. Rhabdomyolysis:
Pathogenesis, diagnosis, and trestment. Ochsner J 2015;15:58-
69.

GuptaA, Thorson P, Penmatsa KR, Gupta P. Rhabdomyolysis:
Revisted. Ulster Med J 2021;90(2):61-6

Jeon Y J, Kim WJ, Park SG, Shin DW. Risk factor, monitor-
ing, and treatment for snakebite induced coagul opathy: a mul-
ticenter retrospective study. Acute Crit Care 2019;34:269-75.
Park EJ, Yoon SK, Ahn JH, Choi SC, Kim GW, Min YG, &t
a. Systemic complications occurring after korean venomous
snake hite with focus on hematologic and neurologic compli-
cations. JKorean Soc Clin Toxicol 2009;7:90-6.

Moon JM, Chun BJ, Lee BK. Glasgow coma scale score in
the prognosis of acute carbamate insecitide intoxication. Clin
Toxicol 2012;50:832-7.

Ha SO, Park SH, Hong SB, Jang S. Performance eval uation of
five different disseminated intravascular coagulation diagnostic
criteriafor predicting mortdlity in patients with complicated sep-
ds. JKorean Med Sci 2016;31:1838-45.

SitprijaV, Gopal akrishnakone P. Snake bite, rhabdomyolysis,
and rend failure. Am JKidney Dis. 1998;31(6):I-lii.

Kularatne SAM, Hettiarachchi R, Dalpathadu J, Mendis ASV,
Appuhamy PDSAN, Zoysa HDJ, et d. Enhydrina schistosa
(Elapidae; Hydrophiinag) the most dangerous sea snake in Sri



10.

20.

21.

22.

23.

Lanka: three case studies of severe envenoming. Toxicon
2014;77:78-86.

Johnston Cl, Tasoulis T, Ishister GK. Australian Sea Snake
Envenoming Causes Myotoxicity and Non-Specific Systemic
Symptoms - Australian Snakebite Project (ASP-24). Front
Pharmacol 2002;13:816795.

Vangstad M, Bjornaas MA, Jacobsen D. Rhabdmolyolysis: a
10-year retrospective study of paitents trested in a medical
department. Eur JEmerg Med 2019;26:199-204.

DeMédijer AR, FikkersBG, de Kejzer MH, Van Engden BGM,
Drenth JPH. Serum creetine kinase as predictor of clinica course
in rhabdomyolyss: a 5-year intensive care survey. Intensive
Care Med 2003; 29:1121-5.

Cabral BMI, Edding SN, Portocarrero JP, Lerma EV.
Rhabdomyolysis. dis Mon. 2020;66(8):101015.

Brochard L, Abroug F, Brenner M, Broccard AF, Danner RL,

24.

25,

26.

27.

0|ZS 2o A uy ¥ ddsts

=

Olor

A
(=

ol

22 8ol
Ferrer M, et d. An Official ATSERSESICM/SCCM/SRLF
Statement: prevention and management of acute rend failure
in the ICU patient: an international consensus conference in
intensive care medicine. Am J Respir Crit Care Med 2010;
181:1128-55.

Matsumura M, Sato T. Rhabdomyolysis and acute rend fail-
ure after poisonous snake (Agkistrodon halys blomhoffii) bite.
Intern Med 2001;40(6):551.

LaneR, Phillips M. Rhabdomyolyss. BMJ2003;327(7407);115
6.

Bagley WH, Yang H, Shah KH. Rhabdomyalysis. Intern Emerg
Med 2007;2(3):210-8.

Geng Y, MaQ, Du YS, Peng N, Yang T, Zhang SY, et d.
Rhabdomyolysis is associated with in hospita mortality in
patients with covid-19. Shock 2021;56(3):360-7.

57



