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Purpose: Suicide ranks among the top causes of death among youth in South Korea. This study aimed to
identify the characteristics of suicidal individuals treated at emergency departments between 2011 and
2020.

Methods: A retrospective analysis was conducted using data from January 2011 to December 2020 in
the Injury Surveillance Cohort, a prospective registry. Patients' sex, age, mortality, methods of self-harm,
and previous suicide attempts were analyzed. The methods of self-harm were categorized into falls, as-
phyxiation, blunt injuries, penetrating injuries, poisoning, and others. Sub-groups with and without poi-
soning were compared.

Results: The proportion of self-harm/suicide attempts increased from 2.3% (2011) to 5.0% (2020). The
mortality rate decreased from 10.8% (2011) to 6.3% (2020). Poisoning was the most common method
(61.7%). Mortality rates ranged from 42.0% for asphyxiation to 0.2% for blunt injuries. Individuals in
their 20s showed a marked increase in suicide/self-harm attempts, especially in the last three years. A
large proportion of decedents in their 70s or older (52.6%) used poisoning as a method of suicide. The
percentage of individuals with two or more previous attempts rose from 7.1% (2011) to 19.7% (2020). The
death rates by poisoning decreased from 7.7% (2011) to 2.5% (2020).

Conclusion: Our findings underscore the urgent need for targeted interventions and suicide prevention
policies. Managing and reducing suicide and self-harm in emergency settings will require a focus on poi-
soning, the 10-29 age group, and the elderly. This paper will be valuable for future policies aiming to re-
duce the societal burden of suicide and self-harm.

Keywords: Self-injurious behavior, Suicide, Poisons, Emergency departments

© 2023 The Korean Society of Clinical Toxicology
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ED visits with injury code
From January 2011 to December 2020
(n=2,600,298)

Patients with self-harm/suicide attempt

(n=74,455)
Falls Blunt injuries Penetrating injuries Asphyxiation Poisoning Other Unknown
3,406 (4.6) 3,208 (4.3) 15,223 (20.4) 5,495 (7.4) 45,902 (61.7) 1,131 (1.5) 90 (0.1)

Fig. 1. The distribution of study patients. Values are presented as number (%). ED: emergency department.
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Fig. 4. Ten-year changes in the proportion of self-harm/suicide methods (p<0.001). Over the past 10 years, the most frequent method of self-
harm/suicide has been poisoning, followed by penetrating injuries, asphyxiation, blunt trauma, and falls.
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Table 1. Characteristics of poisoning versus non-poisoning patients

Characteristic Poisoning (N=45,902) Non-poisoning (N=28,553) p-value
Sex <0.001
Male 18,747 (40.8) 15,088 (52.8)
Female 27,155 (59.2) 13,465 (47.2)
Age (yr) 45.0+£19.3 36.6%17.2 <0.001
0-19 3,948 (8.6) 4,195 (14.7)
20-29 7,933 (17.3) 8,306 (29.1)
30-39 7,440 (16.2) 5,296 (18.5)
40-49 8,788 (19.1) 4,528 (15.9)
50-59 7,299 (15.9) 3,155 (11.0)
60-69 4,138 (9.0) 1,345 (4.7)
70-79 4,029 (8.8) 1,120 (3.9)
>80 2,327 (5.1) 608 (2.1)
No. of previous suicide attempts <0.001
0 27,128 (59.1) 14,877 (52.1)
1 5,560 (12.1) 2,442 (8.6)
>2 4,874 (10.6) 3,652 (12.8)
Unknown 7,854 (17.1) 6,802 (23.8)
Missing 486 (1.1) 780 (2.7)
Death 1,832 (4.0) 3,878 (13.6) <0.001
Values are presented as number (%) or meantstandard deviation.
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Fig. 9. Annual proportion of self-poisoning patients by age group (p<0.001). From 2018 to 2020, the proportion of people in their 20s increased

significantly.
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Purpose: Edible insect extracts have been used as an alternative source for medicinal supplements due to
their significant antioxidative and anti-inflammatory activity. Recent studies have reported that anti-mi-
crobial peptides from insects have neuroprotective effects on dopamine toxins. The purpose of this study
was to investigate the protective functions of mealworm (Tenebrio molitor) extract (MWE) on N-meth-
yl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced cellular toxicity in SH-SY5Y neuroblastoma cells.
Methods: Cellular toxicity induced by the MPTP toxin and the impact of MWE on cell survival were ana-
lyzed using MTT assays. DAPI staining was performed to observe apoptotic phenomena caused by MPTP.
Changes in caspase-3 activity and protein expression were observed using enzyme activity assays and
western blot assays, respectively.

Results: MWE exerted significant antioxidant activity, which was measured by both DPPH and ABTS radi-
cal assays, with a dose-dependent relationship. Furthermore, MWE resulted in cellular proliferation in SH-
SY5Y cells in a dose-dependent manner. Furthermore, MWE pretreatment significantly inhibited
MPTP-induced cytotoxicity, with a dose-dependent relationship. The morphological characteristics of
apoptosis and increased reactive oxygen species induced by MPTP were also significantly reduced by
MWE pretreatment.

Conclusion: MWE treatment significantly attenuated MPTP-induced changes in the levels of proteins asso-
ciated with apoptosis, such as caspase-3 and PARP. These findings suggest that MWE exerts neuroprotective
effects on human neuroblastoma SH-SY5Y cells subject to MPTP-induced dopaminergic neurodegeneration.

Keywords: SH-SY5Y cells, MPTP, Mealworm extract, Antioxidative, Anti-apoptosis
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of 7} AT, w1 BAol e ARFATE 3] ofH7] o
2ol o] Al et of2] A+ Kol /EE =, AFEE ol
A]

&oto] BHE HElojA 32 S35 9loH catecholamine’d 417
TS AgHoz nystE Aoz & N-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine (MPTP)gl= E4-& 0|83t 171
& A% wdo] 714 wo) AGE T I, In vitro 11L& BEE
© SH-SY5Y ABA 235 o|-&sto] MPTPO] ol {5 A=
APd @io] g AR, Rt oFE W AR 4 B
9 A EYuE F2E52 Y BdS {8scke MPTPA 9
ot AAEAES BEFO0E A e BSoke= 3 Qe oz
B,

Syt A WE7], @, AeFolaE A7), ZAAX Y
5, AEATY], | £RA] {5, F-E0] 75, ol
FHEAA Y F5EA £9), 48 A7), EFA(21 TAF %)
T % 10%0] ARUEE AME 7Fsd AEEF0E AR RE
QIguroitt. A82S52 AH[LOoE AR & Qo] YAdHA =}
Ao 7 ggo| 7l5slr] Yo 4l FFLCEN 259 A835t
ot #AE AQdo] A AAZFCE FEER Zsta ok A8E%
2 FITHoRL Q53 LY ES BRI o] 255 283
7154 2R Agst7] 43 A7t ZEs] ool 1 Yk,

YoM A g2 g oz A 80| T7] Y& AP
7 507 o AEH AMGHOl goH, LEugiAE R
 FAHo| oF 9589 SR dH &5 D FA7F AEEof
Aok HE 50l 2% 7 A RS AH R fstal 7]
54 2A = JNdSt] 93 A7F o] o]Fojx| 1 9tk £3] ¥
A7BA S EFOR JF A7} the o] oA I 5357} thee
SEH0] 9lom, o] F AE RS Fupl& Bk} A X (i)
54 A &I} So] B,

@A 2 (Tenebrio molitor)s BEHE AAZ] 2F0
2, ZWIAA L gk gZole 9 15 mm F=oln, & Y
7o) LS (FEAA )T} v o] 52 Aol o] . 7+
AAA 2] 4352 ¥ mealworm)o|z} 511, §52 HAH7]7} =
71742 Holet &% of whet 18-199 g gt} dYL thFrc &
& ofu]ieAbS ol sl 91, Sl Hlol B} A4 F
o] o, HEtYl At E, Alo|4f Fo] Hwy FHI HoRE F
FA Q1 o] gk, ol9l Beste], ZMAA 7} A ko]
e 22 il AR AR YRR 7M7) FrHa B71E 0] 1|
o] Al Aho = 73t glo, 20164 Al LSURE AlE
30| TEE RN AAAX 9 &-gof| et Tilo] ForA L gL
AW, ZAA A2 S ool A kg0 & A8t o= =8
AARAE FEE(mealworm extract, MWE)9] 7|54 d32+=
At 9 AS 53t A% JiA, @A5Y A, S838 &
Ro] ey ZgEo] B E et

LN
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= o HEFo] =(antimicrobial peptide)= vlolZA 2
Al ZEeR £23Z B30l flste] 23004 A F=EE A
L MAA 2, T4, TS, P} 71558 7N I &
g 255 St Helo|=EL AR 47 I APHol| Foigt
the A0 HuEglow, 53] gt feto| =0 /g7t et
o|EFo] SH-SY5Y NZF9] £EE& £31% &yt ohfzt MPTP]|
Ao FEE= in vitro & B A AN 2] AFEE A5t

Lt AFAFHE0] RuEYH . 2y MWE A7} in vitro
& BEoA AGAIES AbPdo]| H| A= Bdbe BaEA] ook
o} wEbA B A9 222 MPTP A7EA 23k SH-SY5Y Al
230 47 9 APEol| ZAAAY $84 FEE0] vA= TS
stz skt

CHeat s

1. AMof A 2|

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal bovine se-
rum (FBS), antibiotics-antimycotics ¥ trypsin-ethylenedi-
aminetetraacetic acid (EDTA) 5-& Thermo Fisher Scientific Inc.
(Gibco, Grand Island, NY, USA)ZX€ #1515t} 2,7 -dichlo-
rodihydrofluorescein diacetate (DCFH-DA), 3-(4,5-dimethylth-
izol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), N-meth-
yl4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), sodium dodecyl
sulfate (SDS), dimethyl sulfoxide (DMSO), 4’,6-diamidi-
no-2-phenylindole (DAPI) 5-2 Sigma-Aldrich Chemical (St.
Louis, MO, USA)Z+H Fst3tt. Nitrocellulose paper (Hy-
bond-C, RPN303C)= Amersham Biosciences Co. (Amersham,
UK)olA #43t3tt. Anti-cleaved caspase-39} anti-PARP
(poly(ADP-ribose) polymerase) FA| 5 Cell Signaling Tech-
nology Inc. (Beverly, MA, USA)Z%H Fdst92oH, an-
ti-B-actin PA|+= Santa Cruz Biotechnology (Santa Cruz, CA,
USA)oIA skt

2. M|ZEHHQE

At AR RARF SH-SY5Y A2 A 25323 (Korean
Cell Line Bank, Seoul, Korea)ol| 4] ¥ofitekow 10% FBS9} 1%
antibiotics-antimycotics7} ¥ DMEM H]2| & Ag5to] 37C
9} 5% CO, 2704 wigstict. dFLo] 28 HH 07 0.05%
trypsin-EDTAE AMg-sto] A st o, sigdS wAt
% log phasedl] 9= MEZE ARSI TH AlZE 1x 10° cells/mL
2 seedingslo] 24417 HujF &, 10% FBS7} =3+ DMEM Hj
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3.

0!

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical £75-& 452
82288 obAAINO,) BEE 7|F0E 10, 50, 100, 200
ppm FEE 34510, 2t7ke] 3]49 A2 50 uLet DPPH 49
50 pLE &8st FARZANA 3087 WA AZ] &, Spectra-
MAX M2 multi-mode microplate reader (Molecular Devices,
Sunnyvale, CA, USA)E ©]-§5}9 517 nmol|A &= (optical
density, OD)2 Z43Ath AlR8E F7lsHA = 4 dizxZ3
H|wato] fEj2t]Zd A4/ (radical scavenging activity)S Thar
T} o] Altsto] WE-E(%)E HER ATt
OD517 of control - OD517 of sample

DPPH radical scavenging activity (%)= OD517 of control x 100

ABTS radical 2752 7.4 mM ABTS €%0j 2.6 mM K25208
£ Edsto] FAZRANA 12417 A §EEAIZ1 £ 734 nmojl4 OD
Zkol 0.700+0.057} E|l== ABTS §Hg 3|45t0] AM&3tAT
ABTS €9 180 pLe} Z+2+9] 3]44 Al 20 uLE E3sto] Az
ZAoA 1587 §AA1Z1 &, SpectraMAX M2 multi-mode micro-
plate reader (Molecular Devices)S ©]85t%] 734 nmo4 ODE
S50t A EE 7oA g /8 dix2<3} v wsto] f2jgit]
Z 2ASEE oS3} Zo] Absto] SE-E(0n)= UEH Sl

0OD734 of control - OD734 of sample
0OD734 of control

ABTS radical scavenging activity (%) = % 100

4. ZMAXE| FE2 HZE

£ Aol AMSSE ZAAA Bl ALER A4 AR 2
SAREAI A Aol YAl s (Heuknong Co. Ltd,,
Namwon, Korea)ol| 4] £ giokon, s2A54oA 4" Z
AAAE AR @ 2 A2 7L (Rural Development Admin-
istration 2015)° 273te] 2 oj4} Axlg ZAAA S AAA
A0 F45451, -70C 2A4L Y53 (Nihon Freezer, Tokyo,
Japan)oll 4] 24417 o4 FEAI . 40 g 52 ZAAAZE 0.1%
acetic acid - 50 mM phosphate buffer (pH 7.4) € 100
mL (weight/volume)ol] 931 114 Ba7]|2 35 5 BH5t9ict.
ZAAAY BHAE ohA] 223 E47]0A 387 oA F7HH 0
2 B4siint. 28AAY EHAS 4CoA 197 AT &
12,000 rpm O & YA E 5o} 435t 3l5to] AR ARE-5HA
o} 879 ASAMWE)S tHA] PBS -§-90f| 34 3]45}0] A4l
Aol ARg-3HA

5. HE 54 U MEE =Y

SH-SY5Y AlZ9] ZAEL AEZE 24-wells ZF0]E] 1x10°
cells/mLA BF35}0] 24417 A vjdsl MWES 5, 10, 25, 50
uL 802 747k Agotal 57 vigstalet. v 584 MTT
(0.5 mg/mL) €& 713kl 37ColA 4X17F viF3I ATt A5
2 79 27 AASR Aokl Aol ofs) B45 Beb 284
formazan DMSOZ &-8fi5t9it}. Formazan9] & Spectra-
MAX M2 multi-mode microplate reader (Molecular Devices)
£ 0]&5to] 570 nmoj|A ODE Z74st5irt. Al2AYEE(cell via-
bility)& the:3} o] Atsto] MEE0HZ EAISIALE.
OD570 of treated cells

1l viability (%) =————————x 100
Cell viability (%) OD570 of control cells x

MPTPe]| o3t SH-SY5Y A2 0] AE& ¥ish= & =igd SH-
SY5Y Al%o] MPTPE 1 mM3} 2 mM 52 12417k X3k o}
2 MTT assayS AAI519.00, MPTPo] 93t 4173540 MWE
o] &= A wiokE A= 5, 10, 25, 50 uL o2 147F AX
23 ot MPTPE 1 mM B2 mM & 12417 AA]§ oha
MTT assays A5t

6. DAPI S

HZE DAPI-#ehe(1 pg/ml) G902 HH5}1, DAPI-Hghe
SdoF 37CoA 1587 FAstgon, GME AlxE= WeEE
AlF st Olympus IX71 33817 (Olympus, Tokyo, Japan)S
o]-g-5to] A3 9| P AsHE Wl

7. MZE L 2EMAT =Y

MPTPo] 9Jgt A= W &J4tAF(reactive oxygen species, ROS)
9| & 4317 Y3te] ¥ probe DCFH-DAE 0|43t}
¥]g} 229 DCFH-DAE: X 4 ROS9} ure3}le] §3-g ut
sz 2',7'-dichlorofluorescein (DCHE H¥=|o] 9] FFS
etk Al i) ROS9 & S457] 915t SH-SY5Y A5
djFeta 2 mM MPTP ¥ 59 25 ul. MWEE 6A1ZF A Egt &,
20 uM DCFH-DAE #7Isto] 37Col|lA 3027k vjg & PBS
(pH 7.4)2 AFs}tx Olympus IX71 @373 (Olympus)o. &
AlZ U] ROSY A F=E T o]F DMSO G402 A
25 &3fsto] Al W DCF 3335 SpectraMAX M2 multi-
mode microplate reader (Molecular Devices)E ©]-&5}] exci-
tation T 485 nme} emission T 524 nmol|A] &35t
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8. Caspase-3 24 &3

Caspase-3 /4d&742 Colorimetric Caspase-3 Assay Kit (Aba-
cam, Cambridge, MA, USA)E o|-§51] A5}t AxAL
Wol webA AEZGES 55191, Bradford HAMHS o4&
sto] A EE SA5FA. 50 plo] AlZ-E&51E(F 50 ugel o
W)} 50 pLe 2x reaction buffer @ 5 uLe 4 mM DE-
VD-pNA substrates 23510] 37CoA 17t Bttt En-
zyme-catalyzation ¥°] %<4 p-nitroanilineE SpectraMAX
M2 multi-mode microplate reader (Molecular Devices)E o]-&
5to] 405 nmol|A] £4519.0H, caspase-3 &2 thaat 2ol A
Absto] W2 (%)= Ut
ODA405 of treated cells

Caspase-3 activity (%) = 0ODA405 of control cells x 100

9. HojEEM

HAYFIMES ¢J5te] SH-SY5Y MZEE cover slip (Marienfeld,
Lauda-Konigshofen, Germany)& 22 24-well plate (Falcon;
BD Biosciences, Franklin Lakes, NJ, USA)ol| 4] vkt A efol A]
MWE 10-25 uL -8%3& AX|stal 547+ FA| 51t sjgFAS A
Asta PBS (pH 7.4 33] Al&& stal, PBSe]l 344171 4%
paraformaldehyde (pH 7.2) Ho.2 4204 1087t 14L& 31
t}. PBSZ 1N A|Asle] W & PBSE 3|43t 0.1% Triton
X-100 o] anti-Ki67 &A(1:500, rabbit-polyclonal; Abcam,
Boston, USA Iowa)E 1:3009] s & 3]4slo] SH-SY5Y Al
9} o] 2447k B3t 204 BHEAIFATE ¥He-Z vhEl SH-SY5Y
AM|Z= PBSZ 33] A5t thA] PBSO 1:5009] =& 3|45k
Alexa Fluor 488 anti-rabbit immunoglobulin G (Molecular
Probes, Eugene, OR, USA)9} g7 1417t Bt ALo)4] ¥h3-g
AlZAtk 3 GAS 9Jslo] DAPI (1:5,000; Molecular Probes)=
1587k 4204 @S stgict. EA4E A2 Olympus IX71 §
Fu]Z(Olympus)yS o]-g-5t] T&5gct.

10. Immunoblot 24

A ZE ice-cold PBS (pH 7.4)Z A|235}32 RIPA lysis buffer2 &
S FlollA] 3087t &3l%t T, AZLIEELS 4T, 14,000 rpmof A
1587 YAEsIgt. 53 did 9] k= Bradford T2
UL ol8st] EASHH L FF9 S-S SDS-polyacryl-
amide gel electrophoresisZ 71953ttt H7]| G5 gelolAl
nitrocellulose membrane©] T3-S HoJA|F 1L, 5% skim milk

7} €89 Tris-buffered saline + Tween-20 20 mM Tris-HCI,

84 https://doi.org/10.22537/jksct.2023.00021

150 mM NaCl, pH 7.6, 0.05% Tween-20; TBS-T)Z H]50]3]
23S QA FT 1 F g o] IdS BAsH] Ao, 14 A
(1:1,000)8 ¥r-gA13 2™, peroxidase’l 0] A+ 2% FA]
(1:2,000)2 1417k M2 gt o} TBS-TZ A3 ¢ ¥ ECL kit 1
B7F v3-A1#A FUSION Solo S (Vilber Lourmat, Marne-la-
Vallée cedex, France)S 0]-&3t0o] E4 HukS ¢halzl it A
Z13sl gt Sl Wie 9] A= Quantity ONE ver. 4.6.6 soft-
ware (Bio-Rad, Hercules, CA USA)E o]-8-5}o] AFslslAtt.

1. SH Xz

HAE 2 33 o9 HHAA AA2HE AL
GraphPad Prism software ver. 6.0 (GraphPad Software, San
Diego, CA, USA) 2272 55t $7 A 2J5}to] mean * stan-
dard deviation® 2 7|E35}9ict. AAT 7H9] {24 AAL Stu-
dent t-tests 53l A5t M, p<0.059 F-LolA FAH {2
o] e Ao st

21

1}

ol

1. ZMAXE| FEE2 it}

DPPH #tjzd £2AWL g4tst 549 AR50 Qs W
% 3IME 9 WS oflR 411 o] ZpAjo] S EE= T
£ ARE oto] FatsksE SHste ot & AddAE
MWE9| 282 §34'4(5-25 uL)2 DPPHO gt gojzd 47
e AT A3, 87 JEH o7 FUol: TS BYlor 25
pLe) FE=olA 77.3%-6.3%2] 2762 HAtH(Fig. 1A). T,
ABTSHo| MWES] ABTS 2it]Z 4752 DPPH £A53} H]
S3H7 S JEFH oz ZU8k0] 25 ul 8ol A] 47.9%-1.1%2
275 BYrkFig. 1B).

2. ZMAXE| FEE22| SH-SYSY MESA! sat

MWES®] SH-SY5Y Al%9] 240 u]xx &7}2 B7}s17] el
MWES 5-50 uL €20 2 a5} 63 3 MTT HAS 5o Al
TAPEES SA5HAE. MWER 5-25 ul7H] £3F oj&2 oz A
EAPEE0] F7I8IALH, 55] 25 ul £ Al 5744 Hi220 pb)zt
H] ko] 125.8%*3.3% Z7F5kHp < 0.01). L&t 50 uL §3F
o] MWE A3 49+ A ZAZEZo] 25 3ick(Fig. 2B). MWE
9 MzZ4] 5315 AERIsH ] 9o MWEE 72413 A3 &, &
AFF s o AZEEY ArduEel Kie7 @ad Id
WS 24/ 2008 @R Aokl MWES A A|s14]
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Fig. 1. Antioxidant capacity of mealworm extract (MWE) with different volumes (5, 10, and 25 uL), which was measured using the DPPH assay (A)
and the ABTS assay (B). Values are presented as meantstandard deviation, and the number of measurements in each group was 3.

AL iz AZE Ki67 T4 AIE S 20.5+4.70191.01 25 uL
MWES AX3}A] 5132 o Ki67 e %4 AE 471 33.2+5.2
2 BAF o7 g8t 718t rhp < 0.05) (Fig. 3).

3. MPTP2 QEE SH-SY5Y HIZO| MZSA0 That 2
2| 2520 &1t

MPTP9] A8t £4F0 2 {iEl= A4 54 gk SH-SY5Y Al
29| JE&S B Y8 1 mMI} 2 mM =& MPTPE 12
Az AEE &, @A T 9 MIT AAR AZBEE8E 24
stk MTT ZAAIA MPTP 527t 3718445 N2gEE&o]
=wozA o7 Qo514 Z4Eo] 1 mM MPTP A% A] MPTP
< AXBHA] 2 34 R BEE&(100%) ] 67.2+5.3, 2
mM MPTP AX] A 45.2%+ 4.5%2] A ZYZE-2S W FrhFigs. 4,
5). MPTP2] A=A 23t SH-SY5Y AlZ9] & & 720 o
& MWEQ] 835 A7) 18] SH-SY5Y Al&Zo] 10-50 uL &

o8 MWES 1A7F AAEst 1 mM Bt 2 mM 5E2
MPTPE 12417 A gt & A ZYEE&-S 57513t MPTPY A
g APZR} 10 L} 25 uL MWESH MPTPES SA|o 4 2]&
A 2ol MWEE 1 mM ¥ 2 mM 5%E9] MPTP |3t k&
HRoA NEYEEo] &7 JEF o2 [F95tA F7IsHAt
(p<0.01). £3] 2 mM MTPT HX|3t A=A 10 uL} 25 uL
MWEE NZAHZ8S 7+t 78.2%+ 7.1%9}F 88.2% + 5.5% EA13
o2 JostA F7HIFETHp <0.01). g, 2-5 pL 89 MWEE
MPTPo| 93j ZHAH NEAFEES F2AsHA S7HI71A] FoH3e
H, 50 pL &3FoAEe AEZPEE 745 I3 FHTHp <0.05)
(Figs. 4, 5).

4. MPTPOl 22t SH-SY5Y MZE i ROS &30l gt Z44A

Mol =E22 81t

MPTP& Al W a]EZE o} 7|5 ol E 2 ste] ROSE LA
oto] Ashg AEF A A4S 2doke o0& EHA gick. MPTP
o oJ3t Al W ROS A& A&317] 2 mM MPTP #3] 64171
DCFH-DAE AA]5}1 2417t o] JFdng oz dastyich
MPTPS HX|3H4] 948 tzAR70o] AZoA= ROSO| 93t
DCF @go] & #25x gokort MPTPI A& Ao A]
ROS9| 9J3k DCF9 #3g3Fo] fosHA S71st5e™ 83 spec-
trophotometer& A3l 7ol DCFo| 338 Hsl9e o &
4 dz#9 DCF g3 vlwsto] MPTPTF A3 ¢
325.1%%20.2% 5715t THp <0.01). 22k 10 uL3t 25 pL
MWES A 23 3¢ MPTPe] 9Js] 57+ DCFY] g3l &
9J5lA ZAastHen 2.5% (volume/volume) MWE H%] A] tiz
9] W@} v wslo] 120.5%+32.8%2 MPTPF {23 4$-
o} vl wate] BAH R-2l5kA ZAstHTHp <0.01) (Fig. 6).

5. MPTP MZS 0] ©/3 SH-SYSY MEXZA Chat 24y
K2 2520 51t

MPTPZ =¥ SH-SY5Y AlZAFEA] gt MWES] &35 =
A7 915 DAPI @& Ba Al 9] Jejsts s At
Fig. 7014 vehd el Zoh. MPTPE X251 %2 54 diz
9] M= Foj| 4= DAPI GMo] Astal FUsHA TR JYAEL, 2
mM MPTPE X5l 1247 ATHE N EAE HE0] &=
(condense)=|HA] DAPIC] 314 F71ol| wh2 Yo] Fr g7t a4
T} 59| BAo]| AlEAE4E(apoptotic body)2] FAo] Ags}
A TEERQI 28Uy MWES M2 3¢ sro&goz ol
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Fig. 2. Effects of mealworm extract (MWE) on the cellular proliferation of human neuroblastoma SH-SY5Y cells. (A) Photographs showing
morphological differences of the cells 6 days following the application of MWE with different volumes of 0, 5, 25, and 50 L, respectively. (B)
Histography showing changes in cell viability, which was measured by the MTT reduction assay. Values are presented as meantstandard devia-
tion, and the number of measurements in each group was 3. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide. *p<0.05 and
*p<0.01 (represents a statistically significant difference between 0 pL MWE and 10 pL MWE or 25 uL MWE).
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Fig. 3. Effects of mealworm extract (MWE) on the expression of
Ki67 protein, a cellular marker for cellular proliferation on SH-SY5Y
cells. (A) Photographs showing expression patterns of Ki67 protein
in the nuclei, which was detected using an Alexa 448 secondary an-
tibody (green color) 6 days following treatment with MWE (0 pL and
25 1L, respectively). (B) Histogram showing changes in Ki67-positive
cells between O uL MWE and 25 uL MWE, which was calculated us-
ing Image Analyzer from images captured with 200x magnification.
Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. *p<0.05 (represents a statis-
tically significant difference between 0 uL MWE and 25 pL MWE).

gk AlZAEAKapoptosis) foll oJgh 50| Jeshy W} 7t
ast9low, £35] 5-25 uL T4 H&t FastrkFig. 7).
MPTPZ =¥ SH-SY5Y A|ZX}EAL] tigt MWES] JA|&
I AAS] Al AZAEARS] A 3dE Al caspase-3 24
9 B3I procaspase-3 I} caspase-3 E/do] 2Jgt PARP
(118 kDa) ¥rd #3lE 2ASIITH MPTPS A5 2 24
229 Ao}t Hlwsto] 2 mM MPTPS X281 2447 A7}
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H MZEA caspase-39] B4 432.7%£25.4%2 FAZHOR
FolsHA 57189 tHp < 0.01). 2y 10 L} 25 uL MWEES A
AAstal 2 mM MPTP 26131 f caspase-39] &4 5414
o o3 Z4astel 25 uL MWES AA A3 A3 2o A
120.3% £25.2%% 21}, 50 uL MWES AA X513 2 mM MPTPS
AXoFE  caspase-39] S o4 IR+ 330.1%+33.3%
2 37}k MPTPE A3 23t $AA 2ol Hol#] gFgtrh(Fig.
8). 2 mM MPTPYE A X3 AlEA A procaspase-3 L PARP &
@2 24 2 contro)9] A2} ¥l w5kl F-of5HA At HHE,
10 pL E+= 25 uL. MWES A A319:2 739 MPTP 98 74
H procasaspe-3 2 PARP #do] -9J5HA| F71= ArkFig. 9).
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L3532 FEAToA kg oz AP R EHOF AMEEo] gko
OFEEEFE AEAETY £ B0t ol &AL, TRt 7}
FTHOE 7Hgsto] ARGt Faollde 9 23 AR ARSI
Fqomn, 2ZFo] koM o]g2 ‘FI(HiE), “AralF (LK),
A EZHMRAERK), FAH(HEH), BE2(RRERET),
‘BERAEGHEHEH) 5ol o ZA=x vk P29 FrEEFH
ZEEHRHES), T35 B2 S EF Fgoz olggd £ U= T
39 A9stT gk SeellAE SR o3 o 95%9)
30 9hgo® 29 %k AgElo] goul, AR B0 &
A8 7152 59 GAE 152 AR 48 U ST Yol B
a7 oY,

ZAAR fEe Lo nlef APAUoR AYUT glom,
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Fig. 4. Effects of mealworm extract (MWE) on morphological changes in SH-SY5Y cells 24 hours following treatment with 1 mM MPTP (A) and
2 mM MPTP (B). (A, B) Photographs were captured with 100x magnification. The control group contained normal SH-SY5Y cells with MPTP

treatment. MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine.
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Fig. 5. Effects of mealworm extract (MWE) on the survival rate measured by the MTT reduction assay of SH-SY5Y cells 24 hours following
treatment with 1 mM MPTP (A) and 2 mM MPTP (B). The control group contained normal SH-SY5Y cells without MPTP treatment. Values are
presented as meantstandard deviation, and the number of measurements in each group was 3. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine. *p<0.05 and **p<0.01 (represents a statistically significant differ-

ence between 0 uL MWE and 10 uL MWE or 25 pL MWE).

A73715 4% QFFo R T SEUIX7F 22 Ao E IHA it
MWEQ9] 7|5 d+olA A2 4%, TRF, TASE Batol ALzk
A, 2% A, BHF9] A9, Z8A8H £31 5ol Tolshe
Aog A et

2 AZol|N ZAAA Y £84 FZEMWE) F4ts}, FA5
59 a7E vl &5 (polyphenol) 3HHE2 100 mg
gallic acid equivalent (GAE)/100 mL9] 5%=& ® 3t} 20199
Di Mattia 5% Z87AA 2 484 32804 & SaE 3F
2 300 mg GAE/1000.& v 3 £3E Fo g2 Zo& Bust
gt Egk 2 Ago4 MWEE DPPH 9 ABTSo| tigt gtcjz
2AZHE £ AF, sRAEHoE FUleHe AFE B 25

UL §3FollA 77.3%9] £A%5S BAE. ZAAAE 45 @9 715
®3lE= DPPH 2|z 2A% 50% 2ol £748S Bt
Y ZAAA S GRS AAT $2EE DPPH H3)
80% el AL RATE. Wetd & dpdsier 487
H=E TUNGE v ZHAA 2] iz} v JR o] Zejols
HBEo] A3} A2 7T Yeg BolETt

2 AT MWEE 85 9&2 28 MTT ZAIA OD %ol
27151} AlmAAo] 2AE9Ich HEo] AlmEAe] Tl wA|Z
Ql Ki67 9l W gg GRS ) MWES AA]514] gk Al
ZE| 1|5l 25 L MWEE X8 AlEE9] Ki67 B 34 Al
x 57t FAHOR FelohA S7H T (p<0.05). MWEE 21
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Fig. 6. Effects of mealworm extract (MWE) on the generation of reactive oxygens species (ROS) in SH-SY5Y cells 12 hours following treatment
with 2 mM MPTP. (A) Photographs showing changes in the cellular generation of ROS detected by DCF-DA dye with different volumes (0, 10,
25 pL) of MWE 6 hours following MPTP treatment. (B) Histogram showing changes in the intensity of DCF-DA dye analyzed using fluorescence
spectrophotometry in each volume of MWE following MPTP treatment. The control group contained normal SH-SY5Y cells without MPTP treat-
ment. Values are presented as meanstandard deviation, and the number of measurements in each group was 3. DCF-DA: 2',7'-dichlorofluores-
cein diacetate. **p<0.01 (represents a statistically significant difference between 0 uL MWE and 10 uL MWE or 25 pL MWE).

Control
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LR =

¥
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L
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Fig. 7. (A-D) Effects of mealworm extract (MWE) on morphological
changes in nuclei stained with DAPI dye in SH-SY5Y cells treated
with different volumes (5, 10, 25 pL) of MWE 24 hours following
treatment of 2 mM MPTP. Photographs were captured with 100x
magnification. The control group contained normal SH-SY5Y cells
with MPTP treatment. DAPI: 4',6-diamidino-2-phenylindole, MPTP:
N-methyl4-phenyl-1,2,3,6-tetrahydropyridine.

AlZ(human keratinocyte), Z-f-5FAZ(human dermal papilla
cell), A-fotAlZ(fibroblast) @ A A A MZAYEET} AEZF
A &3}, g8 # Ao EvRQle] 2B o] 4t Y,

L352 FAL AEel di-goto] ohdet B W oA A=
Z3(cecropin) ¥ tjHAl(defensin) A€ A FHErO| = (anti-
bacterial peptide)E 3/d5tH Alxt 2 At (fungus)oll =gt 23t
e, FATF A4S 58 AEL AL, ZAARA 2o & ofe}

Al(attacin), T]HAl(defencin), HldlXl(tenecin) L Z#H-ZH Al
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Fig. 8. Effects of mealworm extract (MWE) on changes in the activi-
ty of caspase-3 on SH-SY5Y cells 24 hours following treatment with
2 mM MPTP. Caspase-3 activity was measured using a colorimetric
caspase-3 assay kit. The activation was measured as the increase
in activity (%) with respect to control cells (100%). The control
group contained normal SH-SY5Y cells without MPTP treatment.
Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. MPTP: N-methyl4-phe-
nyl-1,2,3,6-tetrahydropyridine. *p<0.05 and **p<0.01 (represents
a statistically significant difference between 0 pL MWE and 10 pL
MWE or 25 pL MWE). **p<0.01 (represents a statistically significant
difference between control and 0 L MWE).

(coleoptericin)®} 2+ Pt do] glon] JAH Al 253
239 "Rl FAR st “@Y3Himmunization)'E
3P 4-15417F Wo]l FFHE0]=2] messenger RNA Z ghf gt
do| AAsHA Z7HEc”.
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Fig. 9. Effects of mealworm extract (MWE) on changes in the expression level of procaspase-3 and PARP after treatment with 2 mM MPTP.
(A) Images showing protein bands of procaspase-3, PARP (118 kDa), and beta-actin that were revealed by western blotting analysis. Beta-ac-
tin was used as a loading control. (B) Histography showing relative expression levels of procaspase-3 and PARP by densitometric analysis. The
control group contained normal SH-SY5Y cells without MPTP treatment. Values are presented as meantstandard deviation, and the number
of measurements in each group was 3. PARP: poly (ADP-ribose) polymerase, MPTP: N-methyl4-phenyl-1,2,3,6-tetrahydropyridine. *p<0.05 and
**p<0.01 (represents a statistically significant difference between 0 uL MWE and 10 uL MWE or 25 pL MWE).

gh, o]#|gt P HEto|EE0] AP E] P& E AFH H]X]
£ Gl tigt ol AhAFZ 50| Bug vl ik & w3k
2EE] ZEA e Fgete] =2l Fx 2 Al(Coprisin) H
Efo|=9] s4] 2 HEo] =21 CopA3 HEO|Ex AR Al HA
FEZ(neuroblastoma)o| A St SH-SY5Y Zohyl A EQ} thAA|
xEo EES §7F &0z 4519 on, SH-SY5Y A= &
AAZE7HZEANA A7t EH 07 30% o4} AEFAS £X51F
o}, ol AlE W MEEF AA Tl p27KiplS Eafsto] AlZE
dg A, X FGolo|A fEFt FFHeto| =2l lumbricusin
(NH2-RNRRWCIDQQA)= SH-SY5Y TatqlAzo] Bag =
Asto] AZFE RFEsIAT”. wabs B QoA ARge 24
Azl e FaHeto|EEo] AFA L] BEE 2 A7 o
T 032 7T & 9lon, 2 Aol AHES MWE Y &t
Heto| =59 71-0 digk 57 A7t " asit

MPTPo|| 93t Zatgl AFA ] A7 F ) gk ohaet A+
7} AP o] gt} AAMRE] njEZEa] Y NADHS 35 A
39983+ NADH dehydrogenase &/d%=7} MPTPo| gJsf A
o] ATP 440l Asjdct. =3t MTPTS] AR WH-gAJo] &
2 AR} AER A9 4E Sa% AdEAS} ZHEste] A
2R 7152 AAsHH, A Well w34 4tade] Ade 23
sto] Al W] A4, DNA 58 &4A1A A ZAES 23

£ Aol A MPTP A% ¥ 24417t A3t 254 HE0] &
ZE|HA DAPIY] 314 F7tol| wh2 Yo F=37t @43} 359
40| AlZEAE 2 Z(apoptotic body) 4ol At 1Lt
MWES AX|¢ 3¢ 85 9202 ol N=ArE a4t &

A Alx 9] FejeHy 3P} Aol on, £9] 10-25 uL &7
oA FoASHA HAsrt. T80l Ao ArHAL BAA 71 F
BH 02 #oJoli= caspase-3 -2 MPTPY] A 2] 9jsto] F7}
9o, 10 uL 9 25 L MWEZ AAX) 9| 9J5te] 254 2
A5kginh. 123 MPTPRE A 2§ Al22of 4= ROSe] 2% DCF-
DAS] 33gZo] fo51A F7Fstal o 10-25 UL MWES A4
gt 3-9olli= MPTPI] Q]3] 3712 DCF-DAY] &3=go] F-9Js}A
Aasg T3t 2 QA4 MWEZF DPPH =tz 24
= Z7MNH 2 A PAbst 5ol HFE

AN AZEL 35 < ozt ROS (O,, H,0,, OH-
)= WA o]= Al ZA7F 2 9l A4S A”(glutathi-
one, superoxide dismutase, catalase 5)ol 95 &=t T
it A=) Qg ko] ROS7F HAEJE A--oll= A= ZHA|
o =2 AlTALGY ALY o] E|o] A= AEZAPEE o]oX]A &
, BAREA wsiel AZeAe doIk?, o Aol &
Akt AEZ ot Ol A EYHE FEESCI IS B
A fFdshs MPTPO o3t Al 254 B8%0% oA B &
Stk Ayt RaE Py, gebd MWES] 23] 9

R

12 o

i‘i Mg &4 AN & daS Auidd
S ds ZoASHA] o= MWEZL nlAjotm Al 2521 BV-2 Al
ollA] lipopolysaccharideE #2|sto] F715= 54 2 cy-
clooxygenase-2 (COX-2) ¢} inducible nitric oxide synthase T
W) AL §oJ5HA AAFH. MPTP] 9t in vitro L in
vivo TZ1<H BElolA A=d cyclooxygenase (COX)-2 AAA]
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= BT Zollg SAXF o u]EZE 2o} 71557, caspase-3
2 nuclear factor kappa B @io] #d 7+4AE Ho] G354 ¥-go]
MPTPo| 93t T3hgl AZAPEo] 293 9™, wela] A8
ALAHNES SLoIES Wl & A4 A MWEZL E549H8
< AL Aog FHHY, o]d] figk 37 A7t IR o=
Szt

>

a&
E A3 SH-SY5Y AARAMREES tAdos AFNE 433
MPTPo|| o] AlzZAPE] tidt MWES] B3 a7-E g5tz
3t9tt. MWE= MPTPe] A3 =4J0] ot SH-SY5Y M 28EE
9 4 9 AIZ W ROS 378 F25H AAAIZ . EF MWE
£ MPTPZ 5 SH-SY5Y NZF9] AZAEAKapoptosis)S
Al ZAFE A9 Tl Q] caspase-3 B4-S A5t SstAFT o]
&9l AFAIES S, MWEE 48} 582 711 9lo]
ROS| B Ak, AZAFET} T Al W] a4A1S AAIY
o2 Zuiyl Al 29| AFEE QAste] w1 fasH] 288
& UZ 208 Azt
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Revised: August 29, 2023 Purpose: This study investigated the characteristics and treatment outcomes of patients who visited the

Accepted: October 10, 2023 emergency department due to intoxication and analyzed the impact of the coronavirus disease 2019
(COVID-19) pandemic on their visits.

Corresponding author: Methods: A retrospective study was conducted using data from the National Emergency Department In-

Minhong Choa formation System (NEDIS) on patients who visited the emergency department due to intoxication be-

Department of Emergency tween January 2014 and December 2020. In total, 277,791 patients were included in the study, and their
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2020 (i.e., during the COVID-19 pandemic) to conduct a time series analysis distinguishing between unex-
pected accidents and suicide/self-harm among patients who visited the emergency department.
Results: The most common reason for visiting the emergency department was unintentional accidents
(48.5%), followed by self-harm/suicide attempts (43.8%). Unexpected accident patients and self-harm/
suicide patients showed statistically significant differences in terms of sex, age group, hospitalization
o= zoreTo|2ME(] rate, and mortality rate. The time series analysis showed a decrease in patients with unexpected acci-
I(Alo]#5: 2022-11-03)510]| dents during the COVID-19 pandemic, but no change in patients with suicide/self-harm.
MISE GIOIHS O1ESH H0ICt. Conclusion: Depending on the intentionality of the intoxication, significant differences were found in the
age group, the substance of intoxication, and the mortality rate. Therefore, future analyses of patients
with intoxication should be stratified according to intentionality. In addition, the time series analysis of
intentional self-harm/suicide did not show a decrease in 2010 in the number of patients, whereas a de-
crease was found for unintentional accidents.
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319431(p < 0.001), 1% 10-1941(p < 0.001), 20-2941(p < 0.001),
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Table 1. General characteristics of intoxication patients visiting the emergency department in 2014-2020

Characteristic el
2014 2015 2016 2017 2018 2019 2020
Intoxication patients 36,315 35,956 37,134 38,232 43,707 47,430 38,932
Sex
Female 18,591 (51.2) 18,471 (51.4) 18,935 (51.0) 19,578 (51.2) 22,782 (52.1) 24,819 (52.3) 21,484 (55.2)
Male 17,724 (48.8) 17,485 (48.6) 18,199 (49.0) 18,654 (48.8) 20,925 (47.9) 22,611 (47.7) 17,448 (44.8)
Age group (yr)
0-9 2,754 (7.7) 2,717 (7.7) 2,801 (7.7) 2,616 (7.0) 2,734 (6.4) 2,705 (5.8) 1,876 (4.9)
10-19 2,420 (6.7) 2,202 (6.2) 2,030 (5.6) 2,216 (5.9) 3,494 (8.1) 3,782 (8.1) 3,050 (8.0)
20-29 4,430 (12.3) 4,103 (11.6) 4,410 (12.1) 5,130 (13.7) 6,396 (14.9) 7,168 (15.4) 7,037 (18.5)
30-39 5,384 (15.0) 5,300 (15.0) 5,375 (14.7) 5,380 (14.3) 5,715 (13.3) 6,066 (13.0) 5,076 (13.3)
40-49 6,869 (19.1) 6,664 (18.8) 6,913 (18.9) 6,617 (17.6) 7,162 (16.6) 7,535 (16.2) 5,780 (15.2)
50-59 6,723 (18.7) 6,640 (18.8) 6,699 (18.3) 6,800 (18.1) 7,722 (18.0) 8,443 (18.1) 6,361 (16.7)
60-69 3,549 (9.9) 3,560 (10.1) 4,009 (11.0) 4,273 (11.4) 4,825 (11.2) 5,718 (12.3) 4,533 (11.9)
70-79 2,856 (8.0) 3,110 (8.8) 3,192 (8.7) 3,092 (8.2) 3,398 (7.9) 3,534 (7.6) 2,934 (7.7)
>80 918 (2.6) 1,099 (3.1) 1,122 (3.1) 1,368 (3.6) 1,571 (3.7) 1,612 (3.5) 1,477 (3.9)
Time of visit
00:00-08:00 8,297 (22.8) 8,484 (23.6) 8,663 (23.3) 8,809 (23.00  10,372(23.7) 10,583 (22.3) 9,413 (24.2)
08:00-16:00 11,934 (32.9) 11,405 (31.7) 12,049 (32.4) 12,599 (33.0) 14,241 (32.6) 16,533 (34.9) 12,666 (32.5)
16:00-24:00 16,084 (44.3) 16,067 (44.7) 16,422 (44.2) 16,824 (44.0) 19,094 (43.7) 20,314 (42.9) 16,853 (43.3)

Initial mental status
Alert
Verbal
Pain
Unresponsive

ED stay time (min)

26,171 (72.1)
5,580 (15.4)
3,756 (10.3)

808 (2.2)

177 (95-364)

25,558 (71.1)
5,734 (15.9)
3,869 (10.8)

795 (2.2)

185 (99-400)

26,686 (71.9)
5897 (15.9)
3799 (10.2)

752 (2.0)

173 (91-374)

27112 (70.9)

6,311 (16.5)

4,067 (10.6)
742 (1.9)

172 (95-348)

30,895 (70.7)
7,414 (17.0)
4,516 (10.3)

882 (2.0)
179 (98-364)

34,093 (71.9)
7727 (16.3)
4754 (10.0)

856 (1.8)

173 (96-344)

27,173 (69.8)
6,796 (17.5)
4,191 (10.8)
772 (2.0)
191 (104-396)

Values are presented as number (%) for categorical variables or median (interquartile range) for continuous variables.
ED: emergency department.

Table 2. Disposition from the emergency department and outcomes of patients admitted for intoxication in 2014-2020

Variable 1]y
2014 2015 2016 2017 2018 2019 2020
ED disposition
Discharge 23,671 (65.3) 23,336 (65.0) 24,016 (64.7) 24,323 (63.6) 28,194 (64.5) 31,441 (66.3) 25,098 (64.5)
Transfer 1,594 (4.4) 1,699 (4.7) 1,797 (4.8) 1,830 (4.8) 2,158 (4.9) 2,020 (4.3) 1,381 (3.5)
Admission 10,344 (28.5) 10,258 (28.6) 10,440 (28.1) 11,265 (29.5) 12,526 (28.7) 13,131 (27.7) 11,749 (30.2)
Death 481 (1.3) 462 (1.3) 437 (1.2) 429 (1.1) 445 (1.0) 436 (0.9) 402 (1.0
Others 152 (0.4) 162 (0.5) 402 (1.1) 400 (1.0) 366 (0.8) 381(0.8) 297 (0.8)
Admitted patients
Discharge 7,367 (74.5) 7,207 (73.2) 7,299 (72.0) 7,925 (71.5) 8,500 (68.7) 8,873 (68.2) 8,159 (70.0)
Discharge against 1,324 (13.4) 1,403 (14.2) 1,615 (15.9) 1,900 (17.1) 2,362 (19.1) 2,595 (20.0) 2,193 (18.8)
advice
Transfer 663 (6.7) 775 (7.9) 798 (7.9) 871 (7.9) 1,101 (8.9) 1,140 (8.8) 900 (7.7)
Death 420 (4.3) 413 (4.2) 361 (3.6) 321(2.9) 365 (2.9) 352 (2.7) 366 (3.1
Escape 32(0.3) 10 (0.1) 11 (0.1) 24 (0.2) 18 (0.1) 20(0.2) 12 (0.1)
Hopeless discharge 6(0.1) 3(0.0 2 (0.0 5(0.0) 5(0.0)
Others 70 (0.7) 37(0.4) 47 (0.5) 38(0.3) 29(0.2) 23(0.2) 23(0.3)

Values are presented as number (%).

ED: emergency department.
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vl Ata7E 7P w2 429 A7 EAYskE ARl ol=dln 7k, 30-39A4] TN tha sk S HAT 40-49415-E
(p<0.001), 21 o] F AFdolA= Hlo=2 Arare} Apsf/A}4ko] 2} AP 7k A ALE FA ST, 80A] o) 7oA F

o7} A& FolEThr} 80A] o)} ARG FolAE Al /A4 714 T 38.1%E F715He PSS BAt. dFdo] bE AFEL

o] Z4skA|ut &A Uehgthp <0.001) (Fig. 1, Table 3). 70-794] F7YOIARE 4.6%S Hon, 804 olAF F7tollA] 4.1%
AQERE 7t we A&7}t 553167(20.0%), AL0] £ B 704 o[/t 1 FolA AFEEC] AHFoE =35 F9l

42,1887(15.3%) €202 FE8A}9] A4 AT AgE Q4 e 4 AAHFig. 3).

2 BAT AT 100,00008F FEIA] AL S, AF, Glls Z'!_E %WH

AR, 9ol &4, Ak 24 Ad, AFE AFos Joitt Adxd

(Table 4). 2014915 2020971 ZAAXHA ] A} 4 H3} g g2 20159 3—5§_T;7]—54 %_Hé Ar o} 3 Zuprlo|HA-

9] el A F5IAL 9 HFF UM B Ak A9 wiE YA 9] 2020904t AH =34 2 AUL djE] 4A51A

3 ] FARADGAER opfet geS B ATHFig. 2). A9k, SF9 R WY 19 ¥ F S5 vl&2 STt
£A71-0] TEA AERAE SFA W AN, Y 5 AR, F k. ol2fek Zpol= A AFel AH SFART)H YA 4

o e Y] 45 Foto] AAtelgth SEO2 gk AFgS 9] ZAa7t Ao E AYzhert. JAE&2 202080 AYUE thH] 2.5%

e 5,5940]9itt 2020 f-2luEte] F Q1T 51,392,745 2 ERIE ZU15t9tt 20149 2.5%A W AFEE GA] 20199 1.7%7+

2 B 107 99 AFFEL 1093010t voo w2 2} A A&H 02 7H4stt7l 20209 2.0%2 Z7HsIHrh(Fig. 4).

9] JAHEL A /A B 429 F7HE B 10-194] 71 oA uhet BRI FEIAE 201599 $A; 5 A4S A9

A 18.4%=, ULE FA| Z7FHe FAS B, o]F 20-294 + sta FRHoR FrlstgoH, 20199714] v =& Afalgto] &

Age (yr)
M Unintentional accident
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 >80 W Suicide/self-harm
Violence
4 Others
- o~

25,000 &

— ~

o “ 5
20,000 A - E

17,476

15,000 1

10,000

5,000

Violence | 43

Others
Violence | 64

Others

Unintentional accident
Violence | 42

Others

Unintentional accident
Violence | 50

Others

Unintentional accident
Violence | 67

Others

Unintentional accident
Violence | 36

Others

Unintentional accident
Violence | 22

Others

Unintentional accident
Violence | 13

Others

Others | 90
Unintentional accident

Violence | 39
Unintentional accident

Suicide/self-harm | 7
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm
Suicide/self-harm

No. of patients
o
Unintentional accident [ 18,037
8,177
9,739
296
14,885
797
15,219
830
1,085
1,189
10,999
800
10,890
9,746
923
5,685
6,062
831

Fig. 1. Mechanism of intoxication in patients according to age group.
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Table 3. Comparison between patients with unintentional accidents and intentional suicide or self-harm

Variable Unintentional accident Intentional suicide or self-harm p-value
Intoxicated patients 134,668 121,687
Sex
Female 62,275 (46.2) 73,318 (60.3) <0.001
Male 72,393 (53.8) 48,369 (39.7) <0.001
Age group (yr)
0-9 17,966 (13.5) 6 (0.0) <0.001
10-19 8,152 (6.1) 9,688 (8.1) <0.001
20-29 14,856 (11.2) 20,298 (17.0) <0.001
30-39 15,184 (11.4) 19,617 (16.4) <0.001
40-49 19,209 (14.5) 24,289 (20.3) <0.001
50-59 24,994 (18.8) 20,537 (17.2) <0.001
60-69 17,428 (13.1) 10,958 (9.2) <0.001
70-79 10,853 (8.2) 9,706 (8.1) <0.001
>80 4,046 (3.0) 4,285 (3.6) <0.001
Time of visit
00:00-08:00 25,285 (18.8) 32,064 (26.3) <0.001
08:00-16:00 49,407 (36.7) 36,843 (30.3) <0.001
16:00-24:00 59,976 (44.5) 52,780 (43.4) <0.001
Initial mental status
Alert 117,531 (87.3) 67,929 (55.8) <0.001
Verbal 9,901 (7.4) 31,214 (25.7) <0.001
Pain 6,196 (4.6) 18,745 (15.4) <0.001
Unresponsive 1,003 (0.7) 3,770 (3.1) <0.001
ED stay time (min) 134 (74-241) 260 (139-551) <0.001
ED disposition
Discharge 106,366 (79.0) 60,123 (49.4) <0.001
Transfer 3,537 (2.6) 8,112 (6.7) <0.001
Admission 23,838 (17.7) 50,158 (41.2) <0.001
Death 429 (0.3) 2,214 (1.8) <0.001
Others 402 (0.3) 1,009 (0.8) <0.001
Admitted patients
Discharge 19,284 (82.8) 32,563 (66.9) <0.001
Discharge against advice 2,002 (8.6) 10,465 (21.3) <0.001
Transfer 1,406 (6.0) 4,004 (8.2) <0.001
Death 468 (2.0) 3,614 (3.7) <0.001
Escape 29 (0.1) 87(0.2) <0.001
Hopeless discharge 4(0.0) 15 (0.0) <0.001
Others 98 (0.4) 156 (0.3) <0.001

Values are presented as number (%) for categorical variables or median (interquartile range) for continuous variables.

ED: emergency department.

/AT ETE 4.2%C0 4 10.7%7HA] S2F 7} -2 HES ok
Iy ZEvto] 2 A-197 -3 E 2020 o9t sl /AH4E 7]
70] 19,5037(52.5%) 2.2 A7|7t 5 R LoHA v AlLL 5
o2 71H B 8.2% Wokth(Fig. 5). =Agdol utet g BRotd
v Q= ALT7} 134,6687(48.5%) 0.8 714 wekow A3 /A4t
0] 12,16877(43.8%)2.2 T o] AA| tlolg 2] 92.3%E A5k
gt} ol & v o 2 A theg Aok ¥ Atuat s/
A0 2 Ueo] BAS A Estgiet. s /A4 3k2te] A9
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2 0j4do] 73,31871(60.3%), A EZE 2004 40t AFZ
7HA] Bl Apaito] HlS] b 427} Wokdl BASH o= {9
gk &}o]7t YAtHp <0.001). Egt A /Aol SF9z7H
WEAIZES A A7 (00:00-08:00)°] Eoton, W Al §H3-2
Qa7 BREeHA] Ee A7 Wk, S5YRTE QAT
E3E Aol /Aol A B2k 2602 (IQR, 139-5518) 02 H 9%
A Apal B9 Z74gE 1345(QR, 74-2413)H T} 71 Ao 2 vet
son BASH o JoIg Aol WAt SFARATANE &
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Fig. 2. Distribution of population-adjusted intoxication patients by region and year.

B /AATL ALE0] 50.1587(41.2%) 22 v H AL Z9]
23,838%1(17.7%) et A Uebgth £ 4 39 AFGE 94
sl /AAEo] Bl 9] Afalgto] Hlsl w2 2o FE FAEGT, o
T3 5A 02 {95 Aol & HFTHp <0.001) (Table 4).
£447140] 552 FAEY SFYR7IT HA Al AGFE= A
72 S EZEAYARRIE R #(Korea Classification of Disease 7th
edition, KCD-7) £7-& o]-83}3ict. KCD9] 7|22 31h9]9] v
5 5508 A7k ol 10747141 9] 254 ols} 429 ERE
AES £ Qltt, B dFo|AE 3099 dUEE B2 AR23E19
t}. olo] M2 A9 379 AT =S AFEE v AT
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T63 (snake venom)°] 154537402 7P weky1, T58 (toxic ef-
fect of carbon monoxide) 15,2657, T50 (poisoning by diuret-
ics and other and unspecified drugs, medicaments and bio-
logical substances) 12,0007 =0]it}. &a/A4ke] <9 T500]
29,637702 71 wokal, T42 (hydantoin derivatives [antiepi-
leptic and sedative-hypnotic drugs, benzodiazepinel]) 16,2914,
T60 (toxic effect of pesticides) 12,5377 =04 tH(Table 5).

1 23} v =A ARaof A Fziputo]2A-199] AP} A &
LHF fosto], ZEUHto|2A-19 WA A2 o] S5 SFEA ¥l
T sjo] o3t Zpol 7t G AE A wdo] EEE &

vTmase =2

A
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Fig. 4. Intoxication patients per 10,000 emergency department visits and admission and mortality rates by year. ED: emergency department.
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Table 5. Top KCD-7 diagnostic codes according to the mechanism of
intoxication

Intentionality Rank KCD-7 code No. (%)
Unintentional accident 1 T63 15,453 (11.5)
2 T58 15,265 (11.4)
3 T50 12,000 (8.9)
Intentional self-harm, suicide 1 T50 29,637 (24.4)
2 T42 16,291 (13.4)
3 Te0 12,537 (10.3)
Violence/assault 1 T58 15 (17.6)
2 T42 14 (16.5)
3 Te0 14 (16.5)
Others 1 T42 651 (21.1)
2 Te0 648 (21.0)
3 T65 296 (9.6)

KCD-7: Korea Classification of Disease 7th edition; T63: snake
venom, T58: toxic effect of carbon monoxide, T50: poisoning by
diuretics and other and unspecified drugs, medicaments, and biolog-
ical substances, T42: hydantoin derivatives (antiepileptic and seda-
tive-hypnotic drugs, benzodiazepine), T60: toxic effect of pesticides,
T65: toxic effect of other and unspecified substances.
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Appendix

Appendix 1. Description of variables

No. Ha 2|0|= M A
1 PTMIGUCD  |Region (C): X[ ST LSS #M HEX| A2 ZE

2 |PTMIINDT Date: LYK} S ST ZASHUA|

3 PTMIINTM Time: LHRA[ZL

4 PTMIBRDT Age (N) 5M &=, 14 02t 712

5 PTMISEXX Sex (C) ST et 44

6 |PTMIAKDT Date_Onset: 24X} FEHO0| Aot &4 2 A UHAUA|

7 PTMIAKTM Time_Onset: ZHA|7t

8 |PTMIDGKD |Disease-Trauma (C): & 0452 SRt ST LS AR

- Y Q|(2): HHO| OfH &4 SO 2 LYY AR0|H Q=N K2t 47| FX| 20| =X
9  |PTMIARCF Intention (C): 2= A LMRACI0) St =y OE2 Y 027 =Y 2/(2)Q1 AL0TH el

- H|QI=A AF(T): QLA AL, S99/ Al S

- Rfoll /R (2): Q=2 Kfol, XA, XAH-AAIE A1 S

- Z/EMEQ): AR 7t B3, A0 FHO2 UE HEH EIRZ WSS

- 7|EK8): (1)-(3)0ll HS= K| = 42

10 |PTMIARCS Injury_Vector (70-Poisoning) (C):  |&A0| &AISt 7|MO 2 Al 0f 27} 2l 9|(2)Q1 A0M2H 5T

EAPI - ZE(70): T, A4, 7|0l 25t S, R54 SHBOI0N st HE L 52, THA0]
ofgt 24, S40| 9l S20f Ofst A B HE S

o

11 [PTMINMN  |Transport (C): Lf&d4=Ct
12 |PTMIMNSY  |Chief_Complaint-1 (UMLS~-code)

F0I27 (20 Lf#l Al 0123t 58 015 4+HS U
IRFO 22 SAS A
FEAL 334 7129 FEY 7IS0I0] 015 TR £MUE Y2l

a0

13 |PTMISYM2  |Chief_Complaint-2 (UMLS-code) |ZtX}Q] £ SAZA-D
14 |[PTMIRESP  |AVPU (C): 9JAl ST LS 2R XS HEE 2, X7 [QIA D StAMSO| Thet BFE = 242
SR &Y

15 |PTMIHIBP SBP (N): 57| &ef

16 |PTMILOBP DBP (N): 0|2t7] e}

17  |PTMIPULS PR(N): 29 &5

18 |PTMIBRTH RR(IN): 22 35

19 |PTMIBDHT BT (N): A2

20 |PTMIVOXS SPO, MATSHE(%) (N)

21 |PTMIKTS1 SZEEZ 15t (0) Sod U A 53 2FXITE 018510 M3(nitia) 22 A4t 25 2740

Level 1: resuscitation A4

Level 2: emergency 713

Level 3: urgency 85

Level 4: less urgency 23

Level 5: nonurgency HI2&

404C) ST TR ZT 7t T Y UH S s Ut

[At 2014-2015]

42 N HEHZ LHESIAC L HS A 2+ Q|= 8 THO| o5t CPR AA[SHK| 242 AFEY
(DNR g

43: AHY AE CPR AA|SHRX|2H AbRY

44: 2R LR A 2SI U0 CPR &AGIACLE A

[Ar2 2016-]

41 AHQIAZE ARHOf CHEH AFYQ| 2RI, A7 A S& QstEo =2 &015t= )0 BRst
SEHO APY

42: MEX|(ES M) MEIZ LHRSIFHOLL HS X Q7 9|2 X 0| o5 CPR AAIGHA|
42 AEIE AMY MOIE HR

oL it o

A
PN N
T SBHAM XMS(initial) SH EHES
o

N

22 |PTMIEMRT |8

il
[}

=

Ul

43: AER| (29 FEDH) MELZ K510 CPR AAISHKIDH ALY H01l 242
44: 3%} L2 A| A ALERO|D! CPR ALAJSHRIDH AL MO1El 29
A

45: 217} {21 A| 847 A1E0]0] CPR AIAISHR 022 AfE2 Al MOIE! 29

(Continued on next page)
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Appendix 1. Continued

No. M 201 Has A
23 |PTMIHSRT  |&A=2(C) SETEZIL LGOI AL 2= T A
24 |PTMIDEPT  |FXI21KC) ST MU=M T2 XZE YT U2 M B[N E= /5 2HS U 0t
25 |PTMIOTDT  |E[AUX} SEA TE T H7HE YR0|E AHE S SSAS I YA
26 |[PTMIOTTM E[&AIZH
27 |DGOTDIAG |EAZIHTA= SEH EAM A ZHIE
28 |DGOTDGGB |E&ZIH 71& 1. 33, 2: B3EH 31 95
29 |PTMIHSDT  |@YXt S 27| S54 ME T 2R AME HS0| st YA
30 |PTMIHSTM UHEAIZE
31 |PTMIDCRT  |¥& & Z1KC) 10 FAE[-: OJAtS] E[FXIAIZE AU0IM El Tt B2
2: KIOIE|Q: BIXt E= HS APt 6l ElSH AL
3T 2 VK AR R L2 Q=7 | R 0|55 82
40 MY SR AMY S Bl RS 22
b MRl B[S HRIE BiX| 9110 HE M Z2
6: 71 = E|¥: hopeless discharge
8: 7|Et
32 |PTMIDCDT  |E|2IUX} SEAE FR0t0 LRt SAtO] E|@HT LA
33 |PTMIDCM E[RAIZE
34 |DGCDIAG E|QIRIT T S(KOCD) SEHE 4ROI0] st AR | A9 ZE THIAE
SR EEEH ARIEZ(EAFE 24 )
— NI B (E/) 6X2|7HK])
- 2016EE2HE= KCD-7 XA E AL
35 |DGCDGGH  |E|RIH =X KL(C) 1. 33, 20 B3H, 3: 9T

CPR: cardiopulmonary resuscitation, DNR: do not resuscitate, KCD-7: Korea Classification of Disease 7th edition.
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Changes in the characteristics of acute carbon monoxide
poisoning patients who visited the emergency department
during the COVID-19 pandemic

Jun bo Sim, M.D., Tae kyu Ahn, M.D., Hyun Kim, M.D., Ph.D.?

'Department of Emergency Medicine, Inha University School of Medicine, Incheon, “Department of Emergency Medicine, Yonsei University Wonju
College of Medicine, Wonju, Korea

Received: June 5, 2023

Revised: June 17, 2023 Purpose: This study investigated the differences between patients with acute carbon monoxide (CO) poi-

Accepted: August 23, 2023 soning who visited the emergency department (ED) before and during the coronavirus disease 2019
(COVID-19) pandemic.

Corresponding author: Methods: This was a single-center retrospective observational study. Patients with CO poisoning who

Tae Kyu Ahn visited the ED during the period from February 2020 to January 2023 were classified as the COVID-19

Department of Emergency pandemic group, and those from February 2019 to January 2020 were classified as the non-pandemic

Medicine, Inha University School group. Patients’ medical records were reviewed, their demographic and clinical characteristics were com-

of Medicine, 27 Inhang-ro, Jung-
gu, Incheon 22332, Korea

Tel: +82-32-890-2302

Fax: +82-32-890-2588

E-mail: tkahn0115@inhauh.com

pared, and the length of stay in ED was checked. The time from admission to the ED to the start of hyper-
baric oxygenation (HBO) was defined as the door-to-HBO time, and this parameter was compared be-
tween both groups.

Results: In total, 672 patients were included in this study. The proportion of intentional poisoning was
significantly higher in the COVID-19 pandemic group than in the non-pandemic group (p=0.028). The
proportion of intentional poisoning significantly increased in the 20- to 29-year-old age group during the
COVID-19 pandemic (p<0.001). In addition, it took longer to initiate HBO in the COVID-19 pandemic
group than in the non-pandemic group (p=0.001).

Conclusion: These findings suggest that pandemics of infectious diseases, such as COVID-19, increase the
proportion of intentional CO poisoning, and it may take longer to initiate HBO after visiting the ED. Ef-
forts will be needed to decrease intentional CO poisoning and length of stay in ED.

Keywords: COVID-19, Carbon monoxide poisoning, Hyperbaric oxygenation

k|§ F21-19)& severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) Zrde] Qg Aok 557 AEA deoz A
IRt A7FAS-19 (coronavirus disease 2019, COVID-19, A ga8e oz o 24 BAS R B FTFS vjHH.
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2. Xtz =3
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E4& A }O}Sﬁ‘:} U B3AY S84 dA7IEE Bl Uid &
o, gt 22 BRI (Korean Triage and Acuity Scale,
KTAS) %‘3, 33%01]’\1—4 AY o5, L A a3, e
FAY] EASE ERIsAtt. KTAS 552 $5=° iet 1 55
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£ £83to] AAstGTION, 44 249 A ARA(EERI-T:
0.16 ng/mL, ERX-T: 14 pg/mL)e} v]w5}o] AF55tAEA

g AbAE Y (partial pressure of oxygen, PaO,),

RE AEoloitt B3 334 ARZT, SF4 AT gl
9'125'1 e Nadde HY, A9 5, I3 Y, 52

A, Yo AY, §3A U AR ERSih &/
9] 355 AT o FE HHo] Ao ALV F SUA AR
o%, d32E7] A& o, 94, FEZFNF, 4 A& acute
kidney injury) @4 o5} B W AFTES RISk HHS
WA 2ALE, 34 BT A FFHAVS 7 Ae4H0]
sl F9-2 Fostant”. B8NS CK $4171 1,000 U/
L ol 53 92 B8, 54 A& 48417 ool @
% F#oteld(serum creatinine) X7} 0.3 mg/dL o4 7kt
B9 52 712 A 0|A 154 o4 713t H9-= Hosiant ™.

EY2 SFAR YYT BE F4 gAISEA 35 SR A 1]
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f 2 A TS gRIste] 1A 7 9] 350 == F¢
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227 55 (1) SAEEAEM 2 (carboxyhemoglobin) 3]
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wsf Bgkrh(Table 2). 21 A3, 20-29419] AFS 159 BJEA*CH
S5 vlgo] vl B2F tRBL 42 39.6%<F 73.3% =, R-FL
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Patients with carbon monoxide poisoning (n=732)

Excluded (n=60)
Delayed neurological sequelae
(n=5)
Insufficient medical data (n=55)

v
Included patients (n=672)

Non-pandemic (n=171) | | COVID-19 pandemic (n=501)

Fig. 1. Diagram of included patients in this study. COVID-19: coro-
navirus 2019.
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Table 1. Comparison of demographic and clinical characteristics between the two groups

Characteristic Non-pandemic (n=171) COVID-19 pandemic (n=501) p-value
Age (y1) 41.0£16.6 41.9+167 1.000
Sex 0.482
Male 102 (59.6) 314 (62.7)
Female 69 (40.4) 187 (37.3)
Means of visit 0.232
119 ambulances 90 (52.6) 301 (60.1)
Other ambulances 29 (17.0) 73 (14.6)
On foot 52 (30.4) 127 (25.3)
KTAS 0.264
1 8(4.7) 14 (2.8)
2 18 (10.5) 78 (15.6)
3 142 (83.0) 398 (79.4)
4 3(1.8) 1(2.2)
Transfer-in 53 (31.0) 127 (25.3) 0.150
Intentional poisoning 92 (53.8) 317 (63.3) 0.028*
Drug intoxication 27 (15.8) 86 (17.2) 0.678
Alcohol co-ingestion 62 (36.3) 159 (31.7) 0.277
Mental status 0.457
Alert 120 (70.2) 320 (63.9)
Verbal 27 (15.8) 96 (19.2)
Painful 20 (11.7) 75 (15.0)
Unresponsive 4(2.3) 10 (2.0)
Vital sign
Systolic blood pressure (mm Hg) 129.8+25.0 131.9425.5 0.366
Diastolic blood pressure (mm Hg) 78.1+16.8 80.8+18.4 0.091
Heart rate (beats per minute) 92.6+20.7 93.5+20.1 0.621
Respiratory rate (breaths per minute) 19.9+3.7 19.743.1 0.493
Body temperature (°C) 36.8+0.6 36.6+0.6 0.160

Values are presented as meanzstandard deviation for continuous variables or number (%) for categorical variables.
COVID-19: coronavirus disease 2019, KTAS: Korean Triage and Acuity Scale.
*p<0.05.

A QA A3, tifP22] PaCO,7t vlR-a8tol vl SA1%] I A=Al S5 v, YDA AL7IE SEAA A
o= o5 ¥ AAE HIYOH(p=0.006), 1 9| Arstera SUAIt ATEEF7] AHE o, HE, FELE5S, 348
A%, PaO,, THAG, 249, BUN, @4 A oted, CK, B o, WA Y ATEL SAHCE Folgh Aol

CK-MB 429} E2 X 43 A% ojHL EAZ o7 903 2} o1}, door-to-HBO timeo] t-3-3ZojlA H]
o] Ho|x| gttt F ¥ 7t APt ® A ot SHA SHA| Z71etE. 2 (p=0.001), SF4 AAAZE
Aad3e A4 Aolg HolA] ko, 334 AR H| HAtHp<0.001).

Tl vl tifdZolA S7He 23S B3rhp=0.001). 44

BA9| AA71ZY, FSEAA AT ALV T SUA H 5= JE

71 A& A%, Hd, FEILEGS, B4 AL T4 o5 Bd

%2

[e]

o
S
&

o
&

£ nolA g5t
Sz v 29
£ 9% Aol

W AFFES BAZHCE RO x}olc o]7] g¥trt. B2 AT FA QislEs FE08 SFA0] YT SRES o
Fo = sto], ARU-19 ti{3 A5 2joje}t MSHE Hlwsf £ A

4. TUAMAX|ZE A3 SN £ 2 ZHe| H| Tolth. & A2, A, 4 59 A+ 549 Aol #F
=7 kot 219 {3 olF gl ditstes S

W RS 3 DAL RS AT 4398 oz e B Hlgo] sk ZAs A @ o] e} ke
485

3} o)7L vl ZSIETK(Table 4). 1 A TQHLEN 2] A%

£ Uhro] H|G A3, 20 294 AFE 1FY JEA 5 Hlg
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Table 2. Proportion of intentional poisoning by age and sex group

JKSCT

Non-pandemic COVID-19 pandemic p-value
Age group (yr)
<20 3(37.5) 0(43.5) 0.768
20-29 19 (39.6) 8(73.3) <0.001*
30-39 25 (69.4) 8 (69.6) 0.982
40-49 17 (73.9) 60 (72.3) 0.877
50-59 21 (63.6) 5(67.2) 0.726
60-69 6 (40.0) 6(38.2) 0.899
>70 1(12.5) 0(35.7) 0.209
Sex group
Male 56 (54.9) 202 (64.3) 0.088
Female 36 (52.2) 115 (61.5) 0.178
Values are presented as number (%).
COVID-19: coronavirus disease 2019.
*p<0.05.
Table 3. Comparison of clinical findings and outcomes between the two groups
Variable Non-pandemic (n=171) COVID-19 pandemic (n=501) p-value
Carboxyhemoglobin (%) 11.1 (IQR, 23.2) 9.9 (IQR, 19.8) 0.146
Pa0, (mm Hg) 214.0 (IQR, 208.7) 171.0 (IQR, 208.1) 0.091
PaCO, (mm Hg) 375(QR, 7.8) 38.9 (IQR, 7.0) 0.006*
HCO,_ (mmol/L) 241 (IQR, 4.7) 24.3 (IQR, 4.2) 0.500
Lactic acid (mmol/L) 0 (IQR, 2.3) 1.9 (IQR, 2.4) 0.662
BUN (mg/dL) 12 O (IQR, 5.6) 12.3 (IQR, 5.5) 0.517
Serum creatinine (mg/dL) .8 (IQR, 0.3) 0.8 (IQR, 0.3) 0.216
Creatine kinase (U/L) 114. 0 (IQR, 113.0) 117.0 (IQR, 152.5) 0.102
Creatine kinase-MB (ng/mL) 5(IQR, 2.2) 1.7 (IQR, 2.6) 0.451
Troponin elevation” 23 (13.5) 82 (16.4) 0.443
Hyperbaric oxygenation 104 (60.8) 335 (66.9) 0.151
Outcome of ED 0.323
Discharge 8 (28.1) 173 (34.5)
Discharge against medical advice 15 (8.8) 49 (9.8)
Admission to ward 76 (44.4) 193 (38.5)
Admission to ICU 5(14.6) 76 (15.2)
Transfer-out 6 (3.5) 7 (1.4)
Death in ED 1(0.6) 3(0.6)
Length of stay in ED (min) 262.0 (IQR, 180.0) 307.0 (IQR, 233.0) 0.001*
Hospital day (day)" 6.0 (IQR, 4.0) 5.0 (IQR, 6.0) 0.522
Duration of ICU stay (day)’ 3.0 (IQR, 6.0) 4.0 (IQR, 6.0) 0.523
Medical support
Vasoactive agents 8 (4.7) 30 (6.0) 0.522
Mechanical ventilation 11 (6.4) 44 (8.8) 0.333
Complication
Pneumonia 8(16.4) 63 (12.6) 0.210
Rhabdomyolysis 9(11.1) 80 (16.0) 0.122
Acute kidney injury 6(9.4) 34 (6.8) 0.269
In-hospital mortality 3(1.8) 11(2.2) 0.727

Values are presented as median (IQR) for continuous variables or number (%) for categorical variables.
COVID-19: coronavirus disease 2019, IQR: interquartile range, Pa0,: partial pressure of oxygen, PaCO,: partial pressure of carbon dioxide, BUN:

blood urea nitrogen, ED: emergency department, ICU: intensive care unit.

*p<0.05. "Cases in which troponin levels are higher than upper normal limit (troponin-I: 0.16 ng/mL, troponin-T: 14 pg/mL). *Including only hos-

pitalized patients. *Including only patients admitted to the intensive care unit.
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Table 4. Comparison of characteristics among patients receiving Hyperbaric oxygenation
Variable Non-pandemic (n=104) COVID-19 pandemic (n=335) p-value
Indication

Carboxyhemoglobin >25% 7 (45.2) 127 (37.9) 0.185

Seizure or mental change 9(37.5) 154 (46.0) 0.128

Troponin elevation 3(22.1) 82 (24.5) 0.622

ST change on EKG 26 (25.0) 87 (26.0) 0.843
Intentional poisoning 6 (73.1) 259 (77.3) 0.375
Hospital day (day)" 0 (IQR, 3.0) 5.0 (IQR, 7.0) 0.772
Duration of ICU stay (day)® 5 (IQR, 4.0) 4.0 (IQR, 6.0) 0.814
Medical support

Vasoactive agent 6 (5.8 23 (6.9) 0.694

Mechanical ventilation 7 (6.7 36 (10.7) 0.229
Complication

Pneumonia 23 (22.1) 57 (17.0) 0.239

Rhabdomyolysis 17 (16.3) 69 (20.6) 0.340

Acute kidney injury 0(9.6) 31(9.3) 0.912
In-hospital mortality 1(1.0) 6(1.8) 0.555
Door to HBO time (min) 82.5 (IQR, 97.5) 107.0 (IQR, 92.0) 0.001*
Length of stay in ED (min) 304.0 (IQR, 172.0) 362.0 (IQR, 247.0) <0.001*

Values are presented as number (%) for categorical variables or median (IQR) for continuous variables.
COVID-19: coronavirus disease 2019, IQR: interquartile range, EKG: electrocardiogram, ICU: intensive care unit, HBO: hyperbaric oxygenation,

ED: emergency department.

*p<0.05. 'Including only hospitalized patients. *sincluding only patients admitted to the intensive care unit.
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INTRODUCTION

Purpose: No consensus currently exists regarding the maximal pressure of hyperbaric oxygen (HBO,)
therapy performed within 24 hours of acute carbon monoxide (CO) poisoning. This study aimed to evalu-
ate the difference in therapeutic effects according to the first HBO, pressure (3.0 atmospheres absolute
[ATA] vs. 2.8 ATA).

Methods: We used prospectively collected registry data on CO poisoning at a tertiary academic hospital
in the Republic of Korea. Adult patients with acute CO poisoning treated with HBO, within 24 hours after
arrival at the emergency department and without the use of additional HBO, after 24 hours between
January 2007 and February 2022 were included. Data from 595 patients were analyzed using propensity
score matching (PSM). Patients with mild (non-intubated) and severe (intubated) poisoning were also
compared. Neurocognitive outcomes at 1 month after CO poisoning were evaluated using the Global De-
terioration Scale combined with neurological impairment.

Results: After PSM, the neurocognitive outcomes at 1-month post-CO exposure were not significantly
different between the 2.8 ATA (110 patients) and 3.0 ATA (55 patients) groups (p=1.000). Similarly, there
was also no significant difference in outcomes in a subgroup analysis according to poisoning severity in
matched patients (165 patients) (mild [non-intubated]: p=0.053; severe [intubated]: p=1.000).
Conclusion: Neurocognitive sequelae at 1 month were not significantly different between HBO, therapy
pressures of 2.8 ATA and 3.0 ATA in patients with acute CO poisoning. In addition, the 1-month neuro-
cognitive sequelae did not differ significantly between intubated and non-intubated patients.

Keywords: Carbon monoxide poisoning, Hyperbaric oxygen therapy, Prognosis

to CO poisoning, and an average of 1,500 people die from CO
Carbon monoxide (CO) is a colorless, tasteless, and odorless poisoning™”. Headache, dizziness, weakness, nausea, vomiting,
gas, and thus, CO poisoning is not perceptible to those ex- confusion, misdirection, blindness, and difficulty breathing are
posed to it”. In the United States, approximately 50,000 people the common symptoms of CO poisoning'. Cognitive sequelae

are brought to the emergency departments (EDs) annually due occur in 25%-50% of people with acute CO poisoning”, and

© 2023 The Korean Society of Clinical Toxicology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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those with severe poisoning may develop convulsions and car-
diopulmonary arrest”.

Hyperbaric oxygen therapy (HBO,) reduces neurocognitive
complications in symptomatic patients with acute CO poison-
ing"”. Weaver et al.” conducted a double-blind randomized
controlled trial (RCT) of HBO, therapy thrice with a maxi-
mum pressure of 3.0 atmospheres absolute (ATA) within 24
hours in patients with acute CO poisoning. The results showed
that neurocognitive complications were significantly decreased
after 6 weeks and 12 months. In another RCT performed by
Thom et al.”, the maximum pressure of HBO, was 2.8 ATA,
and HBO, treatment reduced the incidence of neurocognitive
complications in patients with mild-to-moderate CO poison-
ingé).

One of most effective mechanisms of HBO, therapy for the
inflammatory reaction of CO poisoning is the inhibition of hu-
man B,-integrin-dependent adherence of HBO,, which is ob-
served at 2.8 or 3.0 ATA”. To date, all reports of using 2.0 ATA
showed no therapeutic effect of HBO,"”, whereas using 3.0
ATA had a therapeutic effect**"”. In addition, because previous
RCTs showed the effectiveness of HBO, therapy in reducing
neurocognitive sequelae, both 3.0 ATA and 2.8 ATA may be a
reasonable recommended pressure within 24 hours of CO poi-
soning for symptomatic patients"”. However, the optimal pres-
sure (3.0 ATA versus 2.8 ATA) with respect to neurocognitive
outcomes in acute CO poisoning remains unclear.

Therefore, this study aimed to evaluate the difference in
therapeutic effect according to the first HBO, pressure (3.0
ATA versus 2.8 ATA) used in patients with acute CO poison-
ing who received HBO, therapy within 24 hours after CO poi-

soning.

METHODS
1. Study design and population

This cohort study extracted data from a cohort of a single ter-
tiary academic hospital in the Republic of Korea. Patients who
visited the ED of Wonju Severance Christian Hospital for acute
CO poisoning between January 2006 and February 2022 were
included. Since January 2006, a CO poisoning registry has
been used to prospectively collect consecutive patient data in
our hospital. From August 2020, data were prospectively col-
lected with the “CARE CO cohort” informed consent (Clini-
calTrials.gov identifier: NCT04490317). This study was ap-
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proved by the institutional review board of Wonju Severance
Christian Hospital (approval number: CR322003) and was
conducted according to the tenets of the Declaration of Hel-
sinki.

Adult patients with CO poisoning treated with HBO, within
24 hours after rescue from CO exposure and without use of
additional HBO, after 24 hours from ED arrival (EDA) were
eligible. We excluded patients aged <16 years; those aged >70
years were also excluded owing to aging-related senile changes
in neurocognitive function. The patients with the following
characteristics were also excluded: (1) previous stroke or neu-
rocognitive disorder, (2) previous CO poisoning, (3) serious
illness such as advanced cancer, (4) other specific treatment
(therapeutic hypothermia or steroid), (5) no follow-up for neu-
rocognitive outcome at 1 month, and (6) missing data for im-
portant variables.

2. Treatment protocol

In our institute, acute CO poisoning is diagnosed according to
the patient’s or guardian’s history report and carboxyhemoglo-
bin levels (CO-Hb) >5% (> 10% for heavy smokers). Patients
with CO poisoning are treated with 100% oxygen therapy
through a facemask with a reservoir bag. Patients with any loss
of consciousness intervals, neurocognitive symptoms or signs,
cardiovascular dysfunction, elevated cardiac enzymes, isch-
emic electrocardiogram changes, severe acidosis, or CO-Hb
>25% were treated with HBO,”. First, HBO, was delivered at
a pressure of 2.8 ATA or 3.0 ATA for 45 minutes and then
maintained at a pressure of 2.0 ATA for 60 minutes (Fig. 1A,
B). Additional HBO, was delivered at a pressure of 2.0 ATA for
90 minutes without air break (Fig. 1C). Treatment was per-
formed with a maximum pressure of 2.8 ATA until January
2021 and 3.0 ATA after February 2021.

3. Variables and definitions

Information on the following clinical variables were collected:
age, sex, intentionality, source of CO poisoning (charcoal, gas
and oil, and fire), number of HBO, therapies within 24 hours
after ED arrival, CO exposure time (hr), time from rescue to
HBO, (hr), drug co-ingestion, Glasgow Coma Scale (GCS)
score at the site of rescue or ED arrival, comorbidities (diabetes
mellitus, hypertension, cardiovascular disease, psychiatric dis-
ease), smoking history, symptoms or signs (loss of conscious-
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2.8 ATA
28 ATA —

M 100% Oxygen
Air

20ATA —

15° Max compression
Pt. air break (OPT.)

0 ATA

Q +15 o" 45" 50" 55"

3.0 ATA

80" 110" 120"

3.0ATA —

W 100% Oxygen
Air

20ATA —

15° Max compression
Pt. air break (OPT.)

0 ATA

e +15 0" 45" 50" 55" 80" 110" 120"

2.0 ATA

M 100% Oxygen
20ATA — Air

15° Max compression

0 ATA

e +15 o"

90" 100"

Fig. 1. Protocols of hyperbaric oxygen therapy. (A) 2.8 Atmospheres absolute (ATA). (B) 3.0 ATA. (C) 2.0 ATA. PT: patient, OPT: optional.
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ness, shock, or seizure), laboratory findings (CO-Hb, bicar-
bonate, lactate, creatinine, creatine kinase, and troponin I), and
intubation.

The patients were classified into two groups as the 2.8 ATA
and 3.0 ATA treatment groups. In subgroup analysis, mildly
and severely poisoned patients were defined as those not re-
quiring and requiring intubation, respectively'”. Neurocogni-
tive outcomes after CO poisoning were evaluated using the
Global Deterioration Scale (GDS) combined with neurological
impairment at 1-month post-CO exposure on visits to the re-
habilitation outpatient department'”. Guardians of patients in
poor condition who were unable to visit the rehabilitation out-
patient department were interviewed to assess the patients’
conditions. The GDS was divided into seven stages from stages
1 to 7. Stage 1 was defined as no cognitive decline; stage 4,
moderate cognitive decline; and stage 7, very severe cognitive
decline. GDS stages 1-3 were classified as the favorable out-
come group, while GDS stages 4-7 were classified as the poor
outcome group. However, patients belonging to the favorable
outcome group, but with neurological impairment, (e.g., motor
weakness or dysarthria) were assigned to the poor outcome
group. Patients who had CO-related death within 1 month af-
ter CO poisoning were classified as having GDS stage 7.

4. Outcome measures

The primary outcome measure was to compare the difference
in 1-month neurocognitive outcomes according to the maxi-
mum treatment pressure of HBO, (2.8 ATA versus 3.0 ATA) in
patients with acute CO poisoning. The secondary outcome
measures included neurocognitive outcomes at 1-month post-
CO exposure in the 2.8 ATA group compared with those in the
3.0 ATA group according to the severity of poisoning (mild

[non-intubated] versus severe [intubated]).

5. Statistical analyses

Propensity score matching (PSM) using the nearest neighbor
method was conducted to reduce selection bias in the observa-
tional study and control for confounding variables. Propensity
scores were estimated through logistic regression with statisti-
cally and clinically significant variables. The score assigned to
each patient was used to reduce bias in estimating treatment

13)

effects . The matching ratio between the treatment group and

the control group is generally 1:1 or 1:2"". In this study, the ra-
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tio was 1:2 because the 2.8 ATA group was larger than the 3.0
ATA group. The caliper width was set as 0.2 based on previous

15)

findings . Matching balance was confirmed based on the ab-

solute value of the standardized mean difference within 0.25'.
Data are reported as the median (interquartile range) for
continuous variables and as frequencies (percentages) for cate-
gorical variables, before and after matching. The normality of
distribution of continuous variables was assessed using the
Shapiro-Wilks test. Comparisons between the 2.8 ATA and 3.0
ATA groups were performed using the chi-square test for cate-
gorical variables and the Mann-Whitney U test for continuous
variables. All statistical analyses were performed using SAS sta-
tistical software ver. 9.4 (SAS Institute Inc., Cary, NC, USA)
and R ver. 4.1.2 (R Core Team, Vienna, Austria). Statistical sig-

nificance was confirmed at p <0.05.

RESULTS
1. Patient characteristics

In total, 1,020 patients were identified, and 595 were included
in the final analysis. Among them, 540 patients and 55 patients
received initial HBO, therapy with 2.8 ATA and 3.0 ATA, re-
spectively (Fig. 2). The median age of the total cohort was 45.0
years, and 65.4% were male individuals. The most common
source of CO poisoning was charcoal (76.5%). HBO, therapy
was performed only once within 24 hours of ED arrival in 497
patients (83.5%). The median CO exposure time and the time
from rescue to HBO, therapy were 3.0 hours and 5.3 hours, re-
spectively. The most common comorbidity was hypertension
(14.5%). In total, 48 patients (8.1%) were intubated. We
showed that baseline patient characteristics before and after
PSM in the total cohort in Table 1.

A total of 560 patients (94.1%) and 35 patients (5.9%) had
favorable outcomes (GDS 1-3) and unfavorable outcomes
(GDS 4-7), respectively. Three patients with GDS stages 4, 5,
and 6 had neurological symptoms (motor weakness, speech
disturbance, or peripheral neuropathy). Therefore, the neuro-
cognitive outcome group classified by GDS stage combined
with neurological impairment was not different from the out-
come group categorized by GDS stage alone. In the analysis of
whether the 1-month GDS stage changed 6 months after CO
poisoning, 559 patients were followed up for up to 6 months.
The GDS stage remained unchanged in 517 patients (92.5%)
before PSM, while it improved in 40 (7.1%) and worsened in 2
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(n=1,020)

Adult patients with acute CO poisoning treated with HBO, within
24 hours after ED arrival and without use of additional HBO, after
24 hours (age >16 years to <70 years) (2006. 1-2022. 2)

Excluded (n=425):

- Previous stroke (n=35)

- Previous neurocognitive disease (n=31)

- Previous CO poisoning (n=26)

- Serious illness (e.g., advanced cancer) (n=34)

A4

- Specific additive treatment (e.g., therapeutic hypothermia or steroid)
(n=42)

- No follow-up until 1 month (n=248)

- Insufficient data (n=9)

Included (n=595):

- Non-intubated patients (n=540)
- Intubated patients (n=55)

l Propensity score matching (1:2) l

HBO, therapy with 3.0 ATA (n=55)
- Non-intubated patients (n=46)
- Intubated patients (n=9)

HBO, therapy with 2.8 ATA (n=110)
- Non-intubated patients (n=103)
- Intubated patients (n=7)

Fig. 2. Study flowchart. CO: carbon monoxide, HBO,: hyperbaric oxygen, ED: emergency department, ATA: atmospheres absolute.

(0.4%). There was no significant difference in neurocognitive
outcomes between 1-month and 6-month GDS stage
(p=1.000) (Table 2).

2. Patient characteristics according to HBO. pressure

There were significant differences in intentionality, CO source,
CO exposure time, time from rescue to HBO,, drug co-inges-
tion, GCS score, shock, bicarbonate, troponin I, and intubation
rates between the 2.8 ATA and 3.0 ATA groups. However, the
groups were well balanced after PSM, as confirmed based on
the absolute value of the standardized mean difference within
0.25 (Fig. 3)'. Before matching, there was a difference in the
distribution of propensity scores between the 2.8 ATA and 3.0
ATA groups, although the distribution was generally consistent
after matching, confirming group homogeneity (Fig. 4).

3. Neurocognitive outcomes

Intentionality, source of CO poisoning, CO exposure time,
time from rescue to HBO,, drug co-ingestion, GCS score,
shock, bicarbonate, and troponin I were significantly different
between the 2.8 ATA and 3.0 ATA groups. Therefore, PSM for
these variables were performed. In addition, because variables
with no significant difference (age, sex, number within 24

hours after EDA, creatine kinase) were considered to be clini-
cally important, PSM was performed with these variables.
There was no difference in neurocognitive outcome after PSM
between the 2.8 ATA and 3.0 ATA groups (Table 1). In sub-
group analysis according to intubation in matched patients
(n=165), no significant differences were observed between the
2.8 ATA and 3.0 ATA groups (Tables 3, 4).

DISCUSSION

The optimal pressure for initial HBO, therapy for acute CO
poisoning is yet to be established. This study found no signifi-
cant difference in the 1-month neurocognitive outcome be-
tween maximum pressures of 2.8 ATA and 3.0 ATA of HBO,
therapy as initial treatment in patients with acute CO poison-
ing. Subgroup analysis according to severity of poisoning (mild
[non-intubated] versus severe [intubated]) also showed no sig-
nificant difference in neurocognitive complications between
these HBO, pressures. Convulsions due to oxygen toxicity,
which is a complication of HBO, therapy, are more frequent in
higher treatment pressures . Other complications such as
barotrauma of the middle ear, nasal sinus, and teeth can also
occur due to increased pressure in HBO, therapy. In this study,
the seizure rate was 1.1% (6/540) in the 2.8 ATA group and
1.8% (1/55) in the 3.0 ATA group. Although there was no sig-
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Table 2. Change in GDS from 1 month to 6 months before PSM

HBO, pressure

1-Month GDS vs. 6-month GDS Total 2.8 ATA (1=529) 3.0 ATA (n=30) p-value
Improved 40 (7.1 38(7.2) 2 (6.7)

No change 517 (92.5) 489 (92.4) 28 (93.3) 1.000
Worsened 2(0.4) 2(0.4) 0

Values are presented as number (%). The p-value was calculated using Fisher's exact test. Of the 595 patients, 36 had missing GDS stage data

at 6 months.
GDS: Global Deterioration Scale, PSM: propensity score matching.

Age (yr) I * All patients
Sex (male) e o e Matched patients
Intentionality ¢« i e :
Source . .
Number of HBO, sessions within 24 hours after EDA e e
CO exposure time (hr) . . :
Time from rescue to HBO, therapy E . i e
Drug co-ingestion . e :
GCS score ) :
Diabetes mellitus : o o
Hypertension e
Cardiovascular disease § ° E
Psychiatric disease e .
Current smoking - E
Loss of consciousness I; ™
Shock ioo
Seizure e e
CO-Hb (%) Y :
Bicarbonate (mmol/L) . .
Lactate (mmol/L) § .
Creatinine (mg/dL) e o
Creatine kinase (U/L) i e e :
Troponin | (ng/mL) . o
Intubation 3 ©
-1 -0.5 0 0.5 1
Standardized mean difference

Fig. 3. Forest plot of standardized mean differences before and after matching. HBO,: hyperbaric oxygen, EDA: emergency department arrival,
CO: carbon monoxide, GCS: Glasgow Coma Scale, CO-Hb: carboxyhemoglobin.
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Fig. 4. Distribution of propensity score before propensity score matching (PSM) (A) and after PSM (B). ATA: atmospheres absolute.
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Table 3. Baseline characteristics of patients in the non-intubated group

Before PSM After PSM
Variable HBO, pressure p-value
Total (n=547) 2.8 ATA (n1=103) 3.0 ATA (n=46)
Age (yn) 43.0 (33.0-54.0) 43.0 (33.0-54.0) 40.5 (33.0-55.0) 0.994
Sex (male) 80 (53.7) 52 (50.5) 28 (60.9) 0.240
Intentionality 72 (48.3) 48 (46.6) 24 (52.2) 0.530
Source 0.610
Charcoal 141 (94.6) 96 (93.2) 45 (97.8)
Gas and oil 7(4.7) 6 (5.8 1(2.2)
Fire 1(0.7) 1(1.0) 0
No. of HBO, sessions within 24 hr after ED arrival 0.330
1 131 (87.9) 92 (89.3) 39 (84.8)
2 16 (10.7) 9(8.7) 7(15.2)
3 2(1.3) 2(1.9) 0
CO exposure time (hr) 2.0 (1.0-4.5) 2.0 (1.0-4.0) 2.1 (1.0-5.0) 0.255
Time from rescue to HBO, (hr) 7.0 (3.8-10.8) 6.5 (3.8-11.0) 7.8 (4.3-10.8) 0.373
Drug co-ingestion 28 (18.8) 18 (17.5) 10 (21.7) 0.538
GCS score 15.0 (12.0-15.0) 15.0 (12.0-15.0) 15.0 (12.0-15.0) 0.254
Comorbidities
Diabetes mellitus 11 (7.4) 5(4.9) 6(13.0) 0.095
Hypertension 19 (12.8) 13 (12.6) 6(13.0) 0.943
Cardiovascular disease 5(3.4) 3(2.9) 2 (4.4) 0.644
Psychiatric disease 28 (18.8) 23 (22.3) 5(10.9) 0.098
Current smoking 57 (38.3) 43 (41.8) 14 (30.4) 0.189
Symptoms and signs at ED arrival
Loss of consciousness 71 (47.7) 51 (49.5) 20 (43.5) 0.496
Shock 1(0.7) 0 1(2.2) 0.309
Seizure 3(2.0) 2(1.9) 1(2.2) 1.000
Laboratory findings
CO-Hb (%) 17.9 (9.6-27.0) 21.1 (9.2-29.4) 16.5 (9.7-22.5) 0.091
Bicarbonate (mmol/L) 22.7 (20.8-23.9) 22.6 (20.6-23.8) 23.1 (21.4-24.2) 0.238
Lactate (mmol/L) 2.1 (1.4-3.0) 2.1 (1.2-3.0) 2.0 (1.6-3.3) 0.329
Creatinine (mg/dL) 0.8 (0.6-0.9) 0.7 (0.6-0.9) 0.8 (0.6-0.9) 0.267
Creatine kinase (U/L) 119.0 (75.0-178.0) 119.0 (75.0-221.0) 112.0 (73.0-156.0) 0.545
Troponin | (hg/mL) 0.015 (0.006-0.021) 0.015 (0.015-0.016) 0.006 (0.003-0.029) 0.008
GDS 0.553
Good (GDS 1-3) 146 (98.0) 100 (97.1) 46 (100.0)
Poor (GDS 4-7) 3(2.0) 3(2.9) 0

Values are presented as median (range) or frequency (%).

PSM: propensity score matching, HBO,: hyperbaric oxygen, ATA: atmospheres absolute, ED: emergency department, CO: carbon monoxide, GCS:
Glasgow Coma Scale, CO-Hb: carboxyhemoglobin, GDS: Global Deterioration Scale.

nificant difference (p=0.495), the 3.0 ATA group showed a
higher trend in seizure rate. Therefore, a minimal pressure
with an optimal therapeutic effect is needed.

The findings of this study can be understood with respect to
the pathophysiology of CO poisoning and the mechanism of
action of HBO, therapy. Acute CO poisoning causes neutro-
phil degranulation by activating intravascular neutrophils
through platelet-neutrophil aggregates'”. When neutrophils
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are stimulated, they attach to vascular endothelial cells. This
process leads to oxidative stress, the transformation of xan-
thine dehydrogenase to xanthine oxidase in endothelial cells,
lipid peroxidation, and apoptosis by causing the release of my-
eloperoxidase, proteases, and reactive oxygen species*'”. Fi-
nally, these reactions induce an adaptive immunological re-
sponse through microglia activation, causing CO-mediated
neurocognitive sequelae through the formation of chemically
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Table 4. Baseline characteristics of patients in the intubated group

Before PSM After PSM
Variable HBO, pressure p-value
Total (n=48) 2.8 ATA (n=7) 3.0 ATA (1=9)
Age (yn) 46.5 (33.0-58.5) 51.0 (29.0-58.0) 42.0 (37.0-65.0) 0.640
Sex (male) 8 (50.0) 5(71.4) 3(33.3) 0.315
Intentionality 12 (75.0) 6(85.7) 6 (66.7) 0.585
Source 0.475
Charcoal 13 (81.3) 6(85.7) 7(77.8)
Gas and oil 1(6.3) 1(14.3) 0
Fire 2 (12.5) 0 2(22.2)
No. of HBO, sessions within 24 hr after ED arrival 0.475
1 13 (81.3) 6(85.7) 7(77.8)
2 2 (12.5) 0 2(22.2
3 1(6.3) 1(14.3) 0
CO exposure time (hr) 1.1 (0.5-3.7) 1.6 (0.5-8.0) 1.0 (0.5-1.5) 0.461
Time from rescue to HBO, (hr) 8.1 (4.9-14.5) 14.5 (7.3-46.6) 6.6 (4.8-8.9) 0.084
Drug co-ingestion 7 (43.8) 3(42.9) 4 (44.4) 1.000
GCS score 8.0 (5.0-8.0) 8.0 (3.0-8.0) 8.0 (8.0-8.0) 0.180
Comorbidities
Diabetes mellitus 0 0 0 -
Hypertension 2 (12.5) 0 2(22.2) 0.475
Cardiovascular disease 0 0 0 -
Psychiatric disease 8 (50.0) 3(42.9) 5 (55.6) 1.000
Current smoking 7 (43.8) 4 (57.1) 3(33.3) 0.615
Symptoms and signs at ED arrival
Loss of consciousness 16 (100.0) 7 (100.0) 9 (100.0) -
Shock 4 (25.0) 2 (28.6) 2(22.2) 1.000
Seizure 2 (12.5) 2 (28.6) 0 0.175
Laboratory findings
CO-Hb (%) 34.9 (10.7-42.9) 14.7 (8.3-40.3) 39.3 (30.0-48.2) 0.356
Bicarbonate (mmol/L) 19.1 (16.2-21.8) 19.0 (14.5-23.2) 20.4 (18.5-21.4) 0.716
Lactate (mmol/L) 3.4(1.9-6.0) 3.2 (1.3-4.4) 3.9 (3.1-7.5) 0.307
Creatinine (mg/dL) 0.8 (0.7-1.2) 0.8 (0.8-1.5) 0.8 (0.7-0.9) 0.307
Creatine kinase (U/L) 173.5 (127.5-1047) 244.0 (127.0-1812.0) 137.0 (128.0-298.0) 0.470
Troponin | (hg/mL) 0.377 (0.118-0.709) 0.337 (0.015-0.739) 0.418 (0.119-0.680) 0.755
GDS 1.000
Good (GDS 1-3) 15 (93.8) 7 (100.0) 8(88.9)
Poor (GDS 4-7) 1(6.3) 0 1(11.1)

Values are presented as median (range) or frequency (%).

PSM: propensity score matching, HBO,: hyperbaric oxygen, ATA: atmospheres absolute, ED: emergency department, CO: carbon monoxide, GCS:
Glasgow Coma Scale, CO-Hb: carboxyhemoglobin, GDS: Global Deterioration Scale.

modified myelin basic protein™”

. With respect to the mecha-
nism of action of HBO, therapy, Thom et al.”*” reported that
exposure to 2.8 ATA or 3.0 ATA HBO, can transiently inhibit
leukocyte B,-integrin function by S-nitrosylation and cell ad-
herence to the cerebral microvasculature, inhibiting the se-
quential immunological reaction, as shown in both animal and
human studies. However, there was no statistically significant

decrease in 2.0 ATA. Therefore, at a pressure of 2.8 ATA or

higher, neutrophil adhesion, which causes neurocognitive
complications of acute CO poisoning, can be inhibited.
Ducasse et al.” conducted an RCT comparing between nor-
mobaric oxygen therapy and HBO, with 2.4 ATA in non-co-
matose patients, and the results showed that HBO, therapy
was associated with lower initial recovery time and number of
neurological sequelae. However, their study had some limita-
tions including no calculation of sample size, small sample size
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(total 26 patients), and no description of the randomization
method. Although no study has directly compared the thera-
peutic effects of 2.8 ATA with those of 3.0 ATA, one pilot RCT
compared the therapeutic effects between 2.4 ATA (n=18)
and 3.0 ATA (n=12)"". A neurocognitive screening test was
performed immediately after HBO, therapy and repeated 14-
21 days later. The results showed no significant difference in
outcomes between 2.4 ATA and 3.0 ATA. However, the study
had some limitations including no calculation of sample size, a
small sample size (30 patients), enrollment of only fully con-
scious patients, and randomization method (the selection of a
sealed envelope). Additional RCTs are needed with respect to
the therapeutic effects of 2.4 ATA.

There are a few limitations to this study. First, this was an
observational, non-randomized study. However, from an ana-
Iytical perspective, PSM was used to minimize bias owing to
the study design””. In addition, although a large number of pa-
tients were excluded for accurate comparison, to the best of
our knowledge, this was the first study with a large sample size
(>500 patients). Second, the number of patients who received
3.0 ATA HBO, therapy was small. Third, although RCTs have
conducted more than six neurocognitive tests, usually equiva-
lent to CO batteries"”
GDS stage combined with neurological impairment. Our insti-

, we only evaluated outcomes using the

tute uses the GDS stage to evaluate neurocognitive prognosis
in patients with CO poisoning because it has the advantage of
recognizing neurocognitive functions (e.g., memory and con-
centration), as well as activities of daily living, through inter-
views. We have previously reported the GDS stage for the mea-
surement of neurocognitive outcomes in a study related to CO
poisoning'***”. Fourth, some patients were lost to follow-up
due to their condition, distance from the hospital, or poor
compliance. Fifth, although we compared intubated and
non-intubated patients, further studies are needed because of
the small number of these patients. Sixth, we only compared
the 1-month outcomes. Studies comparing outcomes at longer
time points (6 months and 1 year) may be needed. Further
studies that address the study limitations will be needed.

CONCLUSION

Neurocognitive sequelae at 1 month do not differ according to
the initial HBO, maximal pressure (2.8 ATA versus 3.0 ATA)
in patients with acute CO poisoning. In addition, they also do
not differ in patients with mild and severe poisoning. There-
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fore, we suggest the use of 2.8 ATA in HBO,.
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Predicting serum acetaminophen concentrations in acute
poisoning for safe termination of N-acetylcysteine in a
resource-limited environment
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included patients 214 years of age with acute acetaminophen poisoning within 15 hours. The correlation
between risk factors and detection of acetaminophen 15 hours after ingestion was evaluated using logis-
tic regression, and the area under the curve (AUC) was calculated.

Results: In total, 181 patients were included in the primary analysis; the median dose was 150.9 mg/kg
and 35 patients (19.3%) had acetaminophen detected 15 hours after ingestion. The dose per weight and
the time to visit were significant predictors for acetaminophen detection after 15 hours (odds ratio, 1.020
and 1.030, respectively). The AUCs were 0.628 for a 135 mg/kg cut-off value and 0.658 for a cut-off 450
minutes, and that of the combined model was 0.714 (sensitivity: 45.7%, specificity: 91.8%).

Conclusion: Where acetaminophen concentrations are not reported during treatment following the UK
guidelines, it is safe to start N-acetylcysteine immediately for patients who are 214 years old, visit within
15 hours after acute poisoning, and report having ingested >135 mg/kg. Additional N-acetylcysteine dos-
es should be considered for patients visiting after 8 hours.

Keywords: Acetaminophen, Overdose, Acetylcysteine, Antidotes
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drfal 2 et X2 S2E AT OMEOI|H 8E 5% M=

S5 4417 3 100 ug/mL, 12A1%F % 25 pg/ml)<,
H|ZS H RS B2 F7MoA = 150-R B4R 4417 150 pg/
mL, 1247t ¥ 37.5 ug/mL)& X 27|02 AHg3ka et

Jeu A3 AEEA=e] SFYRAE = APAP 83 dE5k
£ I A&\ F AAo| Baslks b ed APA AHE A
AA 471 fizoll, NAC Fo] AT F85 285 79 Ao &
2ot RS AR HE A2 APAP S5 3985, 4ut SAAA 43}
9} A9 YAFEAl Qs e

B d79] 42 APAP EE%5ES M8 £ RS 5 gl 3
7oA, G= A Ho| ut APAP 34 5345 X]FE'L‘& o, e-d
3 NAC Z3A A7 =55 F9 National Health Service X% 9]
NAC 37183 X727]%& 2 sluel'®') 2% 1547F & APAP &
FEE AES A5T 5 U= YA ARUAE RAFSH:E Aotk

AT e
20104 1€ 193 20204 12€¥€ 319714 & 13270¥€7E, digha

= A71% UM 9 o 63t ool BA sk o
b9l SFARME Y S3E &5 B wlo|E o] A01A] A

o= ARE &34t &5 B2 Holeuol At St AR
21 2% 59 A AR oA E Aoz ve] Fahil Pl

wet 7188 ARolth. £ A7t FEYeE £U FNAERY
YL 5L B2 F ABEIYT(KC23RIDI0S), F
4 7L Aol B B4 WA,

o 28321 75 mg/kg/day o]4d9] APAP % $ 154|710]
ZATE7] A WEF 144 ol 34 SSERE ?i—T“ﬂ EIAIA
1, 9H4 7443 3} coumadin B8 %91 37}, 14]7F 0]Ak9) 1\]
7t BQ o3 ¥ 853 FB 25 ), AP SET dAL S
RAE A S A8E W2 A, S5EF, AF, APAP «g
T A=t FEE = A= AFolA A Qs

2 xI.EAII

219 vo], A, AF, A T2 HoA, FFuide] gEE F
583 5544, § 34i*11E1<>ll LT w7tA] At Az
S50 11914, APAPY] ©dAA E2 EFAA Y] of R, BFA U
THLE B, AT A7, B9 259ES 48, T &5 o,
anorexia nervosa®} Z-2 Aloj&of oj NAC ZgA A& 4%,
g A& 9 T8 AZ, BASRIHAL A, 55 F AR ot
2 APAP 355, 944 TE +36t9

4, W5 L FEYU] Loz o] $58F 5 M ¥
2 8ge 8 %hi—’.‘—’ﬁa‘iil 7H BHAE A 7 7]

EA U £ BET} 5 S5
—_IL:LEH o] A=FAY, SFYRAH
2 7HAL dolgle ‘%% A 52 AH P o] Aot gopd
= FEZ 7[S9 Y 358 45U 14 standard al-
5= 52 Fostn. 344 3 &acute
liver injury)2 X]&7]7} 5 alanine aminotransferase (ALT) 50%
o9l Fso= AoAstAaL, #/ 1t =d(acute hepatotoxicity)>
ALT7} 1,000 IU/L 23150 4502 Ho519rt. APAP 8%%
T AAAZE A3 Ao 7|89 AlZE EE9IR 7156190,
=5 F 4X7H240%) oA AlfE AAFE I ISR P, 11
oh& AARE A A @558 H 2 AAFEAR 7S5
A77170l NAC ZFA AH71&2 24407 W & 258510 g
2 A% 1 kg 200 mg o)) 358, 12 o9 At &
St SESS, 182 B9 25 Aol 3itk. NAC 434 A=
+ NAC 150 mg/kgZ 1587F, 452 & 50 mg/kgs 4A1%F %ﬂ’_},
7223 100 mg/kgS 16817 5ot AZa= 2147 4% n2ES S
w3tk NAC A& =8 1A A, 92)gol, 34, —-J‘c]‘y—-r—l
S55o0] AL, FN3HAAF A1} ALT, international normalized
ratio (INR) S- creatinine©] x| & A|ZF AKX} 50% oJAF AF5ohH,
NAC 100 mg/kg 16A17F AFA8E F712 AP, W50l
AFEHA] 1, aspartate aminotransferase <1,000 IU/L, INR <1.3 1
2|11 creatinine <1.2 2 wj7}2] 371 A2 & A&t
APAP E35% S AT EIIE QA= 5 TN 3
FHth NAC 234 X8 28 1A7F A JHE 2o, 34 7+
&40 IAst: BAEY ABAYE flol 4 33] AJP= At
2 A7 A SHRAE = APAP @555 E AAl] Hard
T = B Aol ZHEolA QIR ot QR HE A
ol AA A4S 9Fsto] AikE % HSATHAE gt
T4 Seoul Clinical Laboratories, Yongin, Korea). ¢ A |3
9] APAP 3|18 & H& HiskE 0.7 pg/mLo|at, AHAAA| A
&2 Cobas 8000 (Roche Diagnostics, Mannheim, Germany)
o|qitt.

O

cohol dosesE

3. SAEH

ol-gsto] A5 A4S AAIA
BEEE Es A FddS, 184 %2
AS 547 Fo9L, ¥FY deE vee et ¥ ¥
Mann-Whitney U test& AM&-510], 55 154]%F o] APAP 8%
7 AEEHE IFH HEEA g AF S v B

2 v 23t NAC 234 A58 A5 5 I A2= EHA

Kolmogorov-Smirnovii-&
o 949 WerE
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W= AREAAET 25 15413 o]F APAP B35 HE 7<)
FEBAE 9 2 ©F 2A2H RS AHESH 45
11, odds ratio (OR) ¥ 95% confidence interval (CI)2 AAFIE
o &5 15417 o]F APAP @35 HE 52 A AdIAE
9] receiver operating characteristic 34-& 12|, the area under
the curve (AUO)E A4ttt

ot 144 ]9t 2193} 75 mg/kg olske] S 35 &

26785 A|QSFHTH(14A] m|gto] L 75 mg/kg olst &S =T
32} 30%). AF71E 58T ASE R oA &

7+ 24783} 847 (R 580 AFHE BF 2 24} 89), APAP
35 Anvt FEE &4 3892 Aot 35 F 15417
Z}sto] YAzt 84} 467, 1417 o)) AJZE 54t o3 W

FE S5 1279, AUHE 558 34 861, T 1HEg 3t
29, S39YEAH 9T N 5E T2 A 3985 AAHA
e S50t 2% ARE T2 4 19%), F 181199 &
Aol ZFAIF (g, 1).

2979 9] A7 GA0I1N N (16.0%), AF 597 224 (inter-
quartile range [IQR], 17-33A]), 171 9] 3A}7} Q=2og &=
StATH94.5%). FAEY HAAET 58T Fd7 150.9
mg/kg (IQR, 98.4-236.0 mg/kg)elgitk(Table 1). 112§9] 22}
7t ERAAE xFoto] o2 29 FES A S50
(61.9%), nonsteroidal anti-inflammatory drug 39°1(21.5%),
caffeine 269(14.4%), decongestants 199](10.5%), benzodiaze-
pine 159)(8.3%) <=°]3it}. o] F 279 <] A7} pheniramine,
chlorpheniramine, methylphenidate, cetirizine, codeine, di-
hydrocodeine, levodopa, carbidopa & 43 €58 A3HA7]
= FES2(14.9%), 259 &A7t scopolamine, diphenhydr-
amine, levocetirizine, dextromethorphan 22 7t 4 F= 9%
< 4 E551HTH13.9%).

8079 A7t & 10 g ol 52 AF 1 kg 200 mg 0|49
APAPE 55519111(44.2%), o€ BF NAC 234 =5 Wk
o} 61749 SV A WA APAP @F5% AAMlA 100-X &4
oo 4 TEE HYI(33.7%), A AA HAA 28479 F
o}z 35580]9tHIQR, 267-5088). & 4789 A 34 1+ &
A 1ol 7129 ATEY AFEF 2 Ho|& Qg BT
NAC AFA| =T I3 35735 glo] E-detglt. 100-224 919 =
4 Tk 5 93 FAAST 25879 AUGE= 0.827 (95% C,

I

OE-’—]_
v |
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0.764-0.879; p<0.001), 150 mg/kg Hekgho] W17 E e} Eojr =
88.5% (77.8%-95.3%) L 67.5% (58.3%-75.8%)ArH(Fig. 2).

% 799 A7} A WA APAP B35 % AA A HEY &
£, F WA AAlAM B4 528 B Qrkline-crossers). ©] % 3
9] 27t diphenhydramines 549 253 A ]9 line-cross&
doA & Ut AFAATE AAL, ©] F 750 mg/kg 5 F 6417
Zsto] WLt 174 94 EA7F 34 7t 542 EA ok (peak
ALT 6,825 TU/L, peak INR 3.87), 897t 492] NAC 100 mg/
kg 7t AFA " & 375 Qo] H st

% 3599 A 25 F 1547 A F APAP 5527 A
EHATH19.3%). 0] T 47| TA+= A WA APAP BF5% A
7} &5 15417 o] 3l A1 BH AT, F 499 7 34 7 5AS
Bk 49 2 3 HL 9o AF3 line-crossS 1.9l Fxjol 1,
o2 A B2 27 333 mg/kgS S50 1347 T Ul (peak

ALT 6,819 TU/L, peak INR 1.88), 500 mg/kgg S5k 147+

502 Patients
with acute acetaminophen poisoning

Excluded:
- Patients <14 years (n=21)
- Ingested dose <75 mg/kg (n=26)

Excluded:

- Patients without dose record
(n=24)

- Patients without weight data  |«—|
(n=84)

- Patients without acetaminophen
concentration result (n=38)

A 4
347 Patients 214 years
with acute acetaminophen poisoning

Excluded:

- Visited hospital after 15 hours
(n=46)

- Staggered ingestion (n=12)

- Ingested sustained-release
tablets (n=86)

- Chronic liver disease (n=2)

- Received activated charcoal
(n=39)

A4

A4
181 Patients 214 years
with acute acetaminophen poisoning

Fig. 1. The process of determining the research subjects; patients
214 years with acute acetaminophen poisoning presenting to emer-
gency medical centers.
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Table 1. Demographic and clinical characteristics of patients based on serum acetaminophen detection 15 hours after poisoning

Characteristic Total Not detected after 15 hours (1=146) Detected after 15 hours (1=35) p-value
Sex, male 29 (16.0) 23 (15.8) 6 (17.1) 1.000
Age (yn) 22 (17-33) 22 (17-35) 21 (17-31) 0.787
Intentionality 171 (94.5) 138 (94.5) 33(94.3) 1.000
Weight (kg] 57.0 (50.0-65.0) 56.5 (50.0-64.0) 57.0 (48.0-65.0) 0.672
Ingested dose per kilogram of weight (mg/kg) 150.9 (98.4-236.0) 140.7 (90.9-220.6) 180.0 (138.8-295.4) 0.018*
Time from ingestion to presentation (min) 208 (85-403) 180 (78-350) 257 (160.5-627.5) 0.004*
Acute starvation 12 (6.6) 11 (7.5) 1(2.9) 0.535
Chronic alcohol consumption 12 (6.6) 9(6.2) 3(8.6) 0.892
Co-ingestion’ 38 (21.0) 32 (21.9) 6(17.1) 0.695
N-acetylcysteine treatment 146 (80.7) 115 (78.8) 31(88.6) 0.280
Acute hepatotoxicity 422 0 4(11.4) <0.001*

Variables are presented as number (%) or median (interquartile range).

*p<0.05. "Overdose with substances that delayed gastric emptying or induced hepatic enzymes.

100

80

D
o
|

Sensitivity

40

20 H

0 I I I I
0 20 40 60 80 100
100-Specificity
Fig. 2. The receiver operating characteristic curve of the ingested

dose per unit weight for predicting the toxic concentration above
the 100-line.

% W (peak ALT 6,631 IU/L, peak INR 2.95), 555 mg/kg

2531 AT F WY S k(peak ALT 4,550 IU/L, peak
INR 2.16). Al &= Z+2F 39, 49, 2819] NAC 100 mg/kg 57}
BAFA R F T75 Yol ELsiginh

= %%91 *ﬂEi W%WW 299 AlZHgto] S5 15417F
) 4= 919ItHOR, 1.020; 95% CI, 1.001-
1.042; p=0.042; OR, 1.030; 95% CI, 1.013-1.048; p<0.001)
(Table 2).

+5 15412 & APAP @35k A A5S AT 2945 =
=80 AUCE 0.628 (95% CI, 0.554-0.699; p=0.014), 135
mg/kg Ao ATl S0l 77.1% (59.9%-89.6%) L
48.0% (39.6% 56.4%)R1, 2% T YU7HA] £947k9] AUCE
0.658 (95% CI, 0.583-0.726; p=0.004), 4503 ATgto] HIFE
9} Eo|%=E 40.0% (23.9%-57.9%) Z 85.6% (78.9%-90.9%) At
9 & HeE AT dEnde] AUC g AASIAY, 1 32
0.714 (95% CI, 0.642-0.778; p<0.001), Adgte] N7 w8} Eo]
T 45.7% (28.8% 63.4%) 2 91.8% (86.1% 95.7%) %t} A
Erd, A5 58T, 25 T 7R 28479 AUC
S v wsly] 98 vEsE oz o] v WY I (pair-wise

comparison), 2T LAY} S5 T YA7HA] £ QA70T0] BAZF S
2 593t Jolg HAtHp = 0.046) (Fig. 3, Table 3).
ink}

R E SE8TT} AFSHEIT ForgiAl 42 A 7 2473
84%g0] & Aol ZAH A At 58] FE U= TA
5 BE NAC 234 A2S W7 g2 A0 Hol, u¢ 3§ g

2 5% JoE Buyd o nolth BAY AFY FUgt
(57.0 kgye ARE3to] AXtsHe, 749 9] 8417} <75 mg/kg &9
APAPE 530S ZAolgtn wdtdr). J21 APAP E35% A+
271 e 2 389 % 2999 #At <75 mg/kg &%
APAPE 2=3519ch webA] Aljzlog 22 88k =3t 3xt
S0 ¢ gol B4 A ej=o], 3 MA APAP 55 HAMIA
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Table 2. Logistic regression analysis for the detection of serum acetaminophen 15 hours after poisoning

Simple Multiple
OR (95% Cl) p-value OR (95% Cl) p-value
Ingested dose per kilogram of weight (10 mg/kg) 1.021 (1.001-1.041) 0.035 1.020 (1.001-1.042) 0.042
Time from ingestion to presentation (10 min) 1.030 (1.013-1.047) <0.001 1.030 (1.013-1.048) <0.001

OR: odds ratio, Cl: confidence interval.

'IOO - ....... _ ,,‘

80

(2]
o
1

—— Ingested dose per unit weight
----- Time to visit hospital
-.. Combined model of dose and time

Sensitivity

0 1 1 1 1
0 20 40 60 &b 100

100-Specificity

Fig. 3. Comparison of receiver operating characteristic curve of the
ingested dose per unit weight, the time to visit the hospital and the
combined prediction model for predicting acetaminophen detection
after 15 hours.

100-2 241 o)F9] 54 =5 Bl 1= 55 1542
BFHE AFNE YL 754l 9

F 11299 A7} th2 JR9 kB FA0 S5, 38
A7} S L5 AN, 1 HLE FESHe ke T
o] 53}, Line-cross phenomenong 22l 79| 84} F 39
o] diphenhydramineZ Zo] S535}7]1% §it}. Acetaminophen
5o tiAtell YL vlA= oFEo] I AE HEREYE 94 &
F ol E5dloF sHAEL, o715 FH ESAESS ST

7155 0] A o, FAE2| acetaminophen &2} tAte] vl 3

YIS AT 2 5 Sl AV EA °}E}.

25 15417 3 APAP €357 &9 359 3 290] A ¥A
GE 5= A4 100724 o9 M54 $EE Bow, ¥
o §74 2t &< Btk E o] IF F 167°] A ¥A sk
AAIA 100-2 24 99 54 sEE BN, o] F 339 &AL
NAC 23 Azole B3kl §4 2t 54& E3ot. o= A ¥
A @55 AAE 91 NAC Z23A A 57t 2 a3 dAS Addst

S APAP
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7HA] A2 Q A7l AUCSF Az 0.658, 450807 =2 Eo|r
2(85.6%) o 8AI7] WAZHA] A QAIZHE AR o R AL
20049 v]=r Food and Drug Administration2 APAP 34 $%
239 NAC 23| A A8E 25 F 8-10A1%t ojHf A& A
< AXFT, o] A7t o]F U3 A= T B4 HAY9 Aol &

Tate presenter’ @ 7FEajgitt, wkgkhA] B 3o Adg) S &
ATHE 15t o AAEY A+EE) 18y 15 AE A
9} thEA] Qe o),

== 3 =A lﬂ%ﬁ SAEANAA 55 15X APAP B35
AZHIT 5 F AUZECE 97 YAg
AEL, NAC 234 X7 7 A HAS Z36l0], APAP 8%
BE AAE ° gol AsHA H1, 35 3 1547 B34 of

A9 EFE 5 AAAZH] Zol 7t & 4= ik, ATTHA BAS A3
3191, 25 & o] V7R AQ% A7t 2% F 1547 3
Azt ubR]et APAP @55 HAKZ x]-o]‘_‘:_ EAHoz
FHBA 7} 9 A ckSpearman’s rho=0.106, p=0.157).

o] AFE= @Y I7F U BoAoRle R THHE SAF ARE
vto 8 $9fE|9)t). FobAlolRlE Wl APAP 47} o HE
23, 7 &40 g AU Ao s g A otk upebA A AR EF
L7t H A Uy, F AR @55 HAAIA 54 52 A
25| &(line-crossing) ¥1%=7} o WA Ughe 7RsAdo] 9k

B d3E 33 #EATE, A R FEHEHAY 5 IS
o] BhAg ¢, A HaF W vole YYFI U 5 Uk 2
Ao FEF7]71 FoKn = 181), EAATO] Clo] Y7t Y, H]
AR E Bl A2 dutsto] Aloko] Yg 4= ek AT
2 SRS FAATT 25870l AR 2 HolN(FY7k
150.9 mg/kg), th& ATAES] 447t Hlsf 100-A 84 o]
9] APAP 54 5= HAEYLL 1547 & APAP €55k AEH!
HgdEcE wE o

28

APAP @35S AR ¢+ e

o

oA, 144 o}, 55 %
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Table 3. Comparison of area under the curve between clinical risk factors and combined prediction model for the detection of acetaminophen 15

hours after poisoning

AUC (95% Cl)

p-value between predictors

Ingested dose per Time to visit the Combined prediction model

unit weight hospital of dose and time
Combined prediction model of dose and time 0.714 (0.642-0.778) 0.166 0.046
Time to visit the hospital 0.658 (0.583-0.726) 0.711

Ingested dose per unit weight 0.628 (0.554-0.699)

AUC: area under the curve, Cl: confidence interval.

15417} ol §-F|2AIE o] AT APAP 34 F58A4E 9
A300] wet R v, 135 mg/kg ol BS S5 BAL

SA NAC Z23A A28 AFS8HL, o5 F 8AIZE o] $of Wit

A= A5 NAC F7H8% Fo18 135k Ao s,
ORCID
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Ol

o] gl FFe "A 4 Y= 7ol osFAA= R EH A A,
Q1A XYL T3 YA Q) YL w2 v glon ALgT e H
A ofsj S0l fle2 AU o] =2 WA FAIE]

Ao} the SBIR|o] FA) R7] ghgrow oldlo] th stal Ao
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ZAtel 2
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Purpose: In patients with glufosinate poisoning, severe neurological symptoms may be closely related to
a poor prognosis, but their appearance may be delayed. Therefore, this study aimed to determine whether
the Acute Physiology and Chronic Health Evaluation Il (APACHE II) score could predict the neurological
prognosis in patients with glufosinate poisoning who present to the emergency room with alert mental
status.

Methods: This study was conducted retrospectively through a chart review for patients over 18 years
who presented to a single emergency medical center from January 2018 to December 2022 due to glu-
fosinate poisoning. Patients were divided into groups with a good neurological prognosis (Cerebral Per-
formance Category [CPC] Scale 1 or 2) and a poor prognosis (CPC Scale 3, 4, or 5) to identify whether any
variables showed significant differences between the two groups.

Results: There were 66 patients (67.3%) with good neurological prognoses and 32 (32.8%) with poor
prognoses. In the multivariate logistic analysis, the APACHE Il score, serum amylase, and co-ingestion of
alcohol showed significant results, with odds ratios of 1.387 (95% confidence interval [Cl], 1.027-1.844),
1.017 (95% Cl, 1.002-1.032), and 0.196 (95% Cl, 0.040-0.948), respectively. With an APACHE Il score
cutoff of 6.5, the AUC was 0.826 (95% Cl, 0.746-0.912). The cutoff of serum amylase was 75.5 U/L, with
an AUC was 0.761 (95% Cl, 0.652-0.844), and the AUC of no co-ingestion with alcohol was 0.629 (95%
Cl, 0.527-0.722).

Conclusion: The APACHE I score could be a useful indicator for predicting the neurological prognosis of
patients with glufosinate poisoning who have alert mental status.
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Fig. 1. Inclusion and exclusion flow chart of study population. DOA:
dead on arrival, ED: emergency department.
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Table 1. Patient characteristics in the good and poor neurological outcome groups

Characteristic All (N=98) Good neurological outcome (N=66) Poor neurological outcome (N=32) p-value
Age (yr) 65 (52-78) 58 (45-71) 80 (70-86) <0.001
Male sex 65 (66.3) 45 (68.2) 20 (62.5) 0.577
Poison volume (mL) 200 (100-300) 200 (100-300) 200 (125-285) 0.982
Co-ingested with alcohol 45 (45.9) 36 (54.6) 9 (28.1) 0.013
Ingestion to ED arrival (min) 100 (58-188) 97 (58-234) 110 (52-174) 0.676
Gastric lavage 18 (18.4) 11 (16.7) 7(21.9) 0.532
Activated charcoal 37 (37.8) 24 (36.4) 13 (40.6) 0.683
Past history
Hypertension 41 (41.8) 23 (34.9) 18 (56.3) 0.044
Diabetes mellitus 19 (19.4) 13 (19.7) 6(18.8) 0.911
Chronic kidney disease 22 0 2(6.3) 0.057
Chronic liver disease 1(1) 1(1.5) 0 0.484
Cardiovascular disease 5(5.1) 3(4.6) 2(6.3) 0.719
Chronic lung disease 6(6.1) 2 (3.0 4(12.5) 0.067
Psychiatric disease 24 (24.5)
Vital signs
MAP (mm Hg) 98.6+17.7 100.4£17.7 94.9+17.4 0.151
HR (/min) 86.2+16.8 86.6%16.0 85.2+18.4 0.690
RR (/min) 18 (18-19) 18 (18-19) 18 (18-20) 0.225
BT (°C) 36.6+0.8 36.7+£0.8 36.2+0.7 0.002
APACHE Il 7 (4.25-8) 5.5(3-7) 8.0 (7-11) <0.001
PSS 1(0-2) 1(0-2) 1(1-2) 0.237
CBC
WBC (X‘IOB/pL) 10.47 (8.24-15.02) 10.18 (8.07-13.76) 12.77 (9.90-16.21) 0.031
Hemoglobin (g/dL) 13.9 (13-15.2) 14.3 (13.2-15.7) 13.5(12.5-14.2) 0.040
Platelet (X'I,OOO/pL] 247.8174.4 253.9174.4 235.4+74.4 0.232
ESR (mm/hr) 12 (4-25) 9 (3-20) 20 (7-32) 0.030
Chemistry
AST (IU/L) 27 (22-37) 27 (22-36) 28 (21-42) 0.982
ALT (IU/L) 19 (14-29) 19 (14-29) 17 (14-25) 0.226
BUN (mg/dL) 17.3 (13.5-21.6) 16.0 (12.7-18.4) 20.8 (17.2-26.0) <0.001
Creatinine [mg/dL) 0.92 (0.77-1.12) 0.89 (0.77-1.06) 1.01 (0.79-1.21) 0.059
Albumin (g/dL) 4.5 (4.1-4.8) 4.6 (4.3-4.8) 4.3 (3.9-4.7) 0.056
Amylase (U/L) 4.5 (4.1-4.8) 63 (49-101) 114 (76-192) <0.001
Lipase U/ 4.5 (4.1-4.8) 32 (23-48) 35 (25-53) 0.631
Arterial blood gas analysis
pH 7.37£0.06 7.38+£0.06 7.35+£0.06 0.035
Pa0, (mm Hg) 79 (70-87) 78 (70-86) 82 (68-89) 0.694
PaC0, (mm Hg) 37.416.1 38.21£6.0 35.8£6.0 0.069
Base excess -3.03+4.90 -2.04+4.96 -5.07£4.13 0.004
Lactate 1.8 (1.0-3.3) 1.9 (1.1-3.5) 1.6 (1.0-2.4) 0.138

Values are presented as median (interquartile range), number (%), or meantstandard deviation.

ED: emergency department, MAP: mean arterial pressure, HR: heart rate, RR: respiratory rate, BT: body temperature, APACHE Il: Acute Physiol-
ogy and Chronic Health Evaluation II, PSS: Poisoning Severity Score, CBC: complete blood count, WBC: white blood cell, ESR: erythrocyte sedi-
mentation rate, AST: aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen.
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Table 2. Regression analysis results for predicting poor neurological outcomes in patients with glufosinate ammonium poisoning

Variable Univariable Multivariable
OR (95% Cl) p-value OR (95% Cl) p-value VIF

Age (yn) 1.104 (1.058-1.152) <0.001 1.060 (0.996-1.128) 0.069 1.626
Co-ingested with alcohol 0.335 (0.135-0.835) 0.019 0.196 (0.040-0.948) 0.043 1.514
Hypertension 2.513 (1.056-5.981) 0.037 1.052 (0.248-4.556) 0.945 1.470
BT (°C) 0.384 (0.197-0.749) 0.005 0.649 (0.228-1.844) 0.419 1.614
APACHE Il 1.480 (1.230-1.781) <0.001 1.387 (1.027-1.873) 0.027 1.578
WBC (x103/uL) 1.000 (1.000-1.000) 0.029 1.000 (0.999-1.000) 0.193 1.486
Hemoglobin (g/dL) 0.853 (0.704-1.035) 0.107

ESR (mm/hr) 1.021 (1.000-1.042) 0.044 1.008 (0.978-1.039) 0.599 1.682
BUN (mg/dL) 1.133 (1.054-1.219) <0.001 1.031 (0.924-1.150) 0.586 1.426
Amylase (U/L) 1.014 (1.006-1.022) <0.001 1.071 (1.002-1.032) 0.025 1.714
pH 0.001 (0-0.964) 0.049 0.000 (0.000-137.051) 0.146 3.161
Base excess 0.870 (0.788-0.962) 0.007 1.142 (0.881-1.481) 0.393 3.663

OR: odds ratio, Cl: confidence interval, VIF: variance inflation factor, BT: body temperature, APACHE II: Acute Physiology and Chronic Health
Evaluation Il, WBC: white blood cell, ESR: erythrocyte sedimentation rate, BUN: blood urea nitrogen.

Table 3. Comparison of the performance of predictors of poor neurological outcomes in patients with glufosinate ammonium herbicide poisoning

Variable AUROC (95% Cl) Cutoff Sensitivity Specificity PPV NPV

APACHE II 0.826 (0.746-0.912) 6.5 0.615 0.906 0.930 0.537
Amylase 0.761 (0.652-0.844) 75.5 0.692 0.781 0.865 0.556
Not co-ingested with alcohol 0.629 (0.527-0.722) 0.539 0.719 0.786 0.434

AUROC: area under receiver operating characteristics, Cl: confidence interval, PPV: positive predictive value, NPV: negative predictive value,

APACHE II: Acute Physiology and Chronic Health Evaluation II.

1.00 4 1.00 1.00
0.75 4 0.75 4 0.75 4
= AUROC: 0.826 = AUROC: 0.761 =
2 050 Cut-off: 65 2 050- Cut-off: 75.5 2 050 UROC: 0625
z z Z
g g z
%] A g
0.25 4 0.25 4 0.25 4
0.00 4 0.00 0.00

T T T T T T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity 1-Specificity

Fig. 2. Receiver operating characteristic curves for predicting mortality in patients with glufosinate ammonium herbicide poisoning: (A)
APACHE Il score, (B) serum amylase (U/L), and (C) no co-ingestion with alcohol. The area under the curves (AUC) with 95% confidence inter-
vals for the APACHE Il score, serum amylase (U/L) and no co-ingestion with alcohol were 0.826 (0.746-0.912), 0.761 (0.652-0.844), and 0.629
(0.527-0.722), respectively. APACHE II: Acute Physiology and Chronic Health Evaluation II.
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Purpose: This study aimed to compare the clinical features of methanol and ethylene glycol poisoning.
Methods: This single-center retrospective observational study included patients with toxic alcohol poi-
soning who visited a regional emergency medical center. Patients with methanol and ethylene glycol poi-
soning from January 2004 to June 2023 were selected for the study using diagnostic codes.

Results: Twenty-two patients with toxic alcohol poisoning visited during the study period, with 11 pa-
tients for each category. Compared to methanol poisoning, ethylene glycol poisoning patients were more
likely to have consumed alcohol for suicidal purposes (n=4 [36.36%)] vs. n=8 [72.73%)]) and were more
likely to be drowsy (n=0 vs. n=6 [54.55%], p=0.016). The anion gap (25.43%£8.35 mmol/L vs. 13.2216.23
mmol/L, p=0.001) and lactic acid levels (1.785 [1.3-2.785] mmol/L vs. 9.90 [4.20-11.81] mmol/L, p=0.007)
were higher in ethylene glycol poisoning patients than in methanol poisoning patients. Among alcohol
dehydrogenase blockers, oral ethanol was administered to 10 patients (45.45%) (n=4 [36.36%)] vs. n=6
[54.55%)]), and intravenous ethanol was administered to six patients (n=4 [36.36%)] vs. n=2 [18.18%]).
Fomepizole was administered to two patients (9.09%) each, and renal replacement therapy was non-sig-
nificantly more common in patients with ethylene glycol poisoning (n=8 [72.73%)] vs. n=3 [27.27%],
p=0.128). Three patients had delays in diagnosis and treatment, and while there were no fatalities, one
patient was left with permanent vision damage.

Conclusion: Because these are uncommon types of poisoning and the clinical presentation is difficult to
recognize early, healthcare providers should be familiar with toxic alcohol types and screen for them to
ensure proper diagnosis and treatment.

Keywords: Methanol, Ethylene glycol, Poisoning, Diagnosis
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I ¢Ysl= g4 A (aldehyde dehydrogenase, ALDH)| <
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FE7} T51.1 (toxic effect of methanol), T52.3 (toxic effect of
glycols), T52.8 (toxic effect of other alcohols)AH 59| 9
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ZASHOH, S48 EAOR 25 A, 8 259, 8 &
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Fig. 1. Annual frequency of toxic alcohol poisoning.

Table 1. Comparison of clinicotoxicologic characteristics according to the type of toxic alcohol poisoning

Year

I Ethylene glycol

Characteristic Total (h=22) Methanol (n=11) Ethylene glycol (n=11) p-value
Demographic factors
Age (yr) 39 (20-45) 30 (16-44) 39 (33-62) 0.065
Male 14 (63.64) 7 (63.64) 7 (63.64) 1
Cause 0.08
Suicide 12 (54.55) 4 (36.36) 8(72.73)
Accident 9 (40.91) 7 (63.64) 2(18.18)
Homicide 1 (4.55) 0 1(9.09)
Described amount (mL) 180 (20-250) 20.5 (14-180) 250 (200-300) 0.009*
Time to ED (hr) 5.79 (1.53-14.26) 3.63 (1.18-6.50) 9.325 (1.88-16.53) 0.576
Mental status 0.017*
Alert 13 (59.09) 9(81.82) 4 (36.36) 0.083
Drowsy 6(27.27) 0 6 (54.55) 0.016*
Stupor 3(13.64) 2 (18.18) 1(9.09) 1
Vital signs
Systolic blood pressure (mmHg) 126.13+£27.76 116.54+16.10 135.72+34.01 0.112
Diastolic blood pressure (mmHg) 79.90+18.47 71.36+13.60 88.45+19.26 0.026*
Heart rate (beat/min) 87.27+19.63 79.27+16.82 95.27+19.63 0.053
Respiratory rate (breaths/min) 18 (18-18) 18 (18-18) 18 (16-22) 0.5
Sp0, 97.05£1.80 97.55£1.40 96.55+2.07 0.2

Values are presented as number (%) for categorical variables and mean+standard deviation or median (interquartile range) for continuous vari-

ables.
ED: emergency department, Sp0O,: oxygen saturation.
*p<0.05.

9 B 7P B2 vl e AR 583 73(63.64%)°1 AAT oE
A 2EEY A A FH9 550] 8Y(72.73% 22 TP w2
v &S Hont $49 5879 IIE2 180 mLARE 9, 20-
250 m)= ol 2 E SEANA SATH R o] 9A =

UTHESZHATESIS]: 20.5 mL [14-180 mL] vs. 250 mL [200-

300 mLl, p=0.009). 5= F SFA7IA 5.79AZHARE R, 1.53-
14.264171) gtof i Lstaict. W Al A3l alert 1378(59.09%),
drowsy 698(27.27%), stupor 3%(13.64%)0|gith. Akao] <Jgt 3¢
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18(11.11%)9] A 4] ¥shs Blovt S50 93t A9 73
(58.34%)°14 -S54 W Al 94 W37t W= et vg-E9 3
9 27(18.18%)°lI A9k 9] Ws7F HFE QA AFH =Y
735 778(63.64%)°14 214 H37} TEFH AT Drowsy 2413 H
£ Hol= A9 Y g FEZ FEIANA 698(54.55%),
kg ZEIANAE glolon g FEE FEANA |9
S EATHp=0.016). $27] L9 FYZE 126.13+£27.76
mmHg, o|¢7] 49| L 79.91+18.47 mmHg, Wut4=9]
+2 29 87.27+£19.633], 29 T&59 9= 183, FHF
A molr = B 97.05%+ 1.80%Att. SA8HE 0 g2 G oJ3t 2}o]
£ 2 EEHFE 0|7 ol AUTHp=0.026). SHAH W
A 54 A 77, oAEF 3%, B 2 HAAE 2%, H
A BE, 2, AR 55, £ EW, wls A 2P A
%, 5%, I, 7E 19 <02 FFIc /iE el AAg ¢
/4=/38H4 §42 Supplement 19 2] =]o] gl

2. dAd 23

L0l x}o]9] HWHFL 19.32+9.52 mmol/LE 1684 Z7}s]o]
gi9lom ol FE S5 OIA BATH R ou] oA =9
TH13.22+6.23 mmol/L vs. 25.43+8.35 mmol/L, p=0.0009).
AT & #ol9 FUghe 28.59 moSm/kgH,O(AHEH%:,
9.95-75 moSm/kgH,0)4.2.9 15304 Z7}=o] YUt 49
54 4329 559 FYF2 153.24 mg/dLAHESI:, 59.37-
561.61 mg/dL)¥om WEr&o] 4 &9 Y7 92.51 mg/
dL(AHER14, 20.85-242.72 mg/dL)F o ol 2229 54
BEo] FF2 348.66+292.80 mg/dLIT}. Creatinine2| $U%t
2 0.89 mg/dL(AHE9I4, 0.83-0.97 mg/dL)FoH 394 Z7}
= Aol IFE It ASTY S 26 IU/LAHESl<:, 19-32

IU/DFoH 3%oA Z715t A7 Bol|1 ALTY] $43H2 18.5
TIU/LAHESS, 13.0-29.0 IU/L)E 404 5719 2748 Bt
CPK9| F#2 175%117.24 IU/L¥LH 79014 Z71d 248
Btk Amylased] Y3k 79.5 IU/LAHERIS, 54-99 IU/D)%
o 394 7= lipase?] Y72 23 IU/LAHEAS,
17-39 IU/DE 49404 Z7Hd 274& Bt} 249 g2
2.90 mmol/LAFEY S, 1.77-10.97 mmol/L)Z 1275 9] 3Fx}oj| A
37He &a7o] EE Yo gl Z2E S5TANA SATH
07 ofu| YA EFATHFYAAHE]: 1.785 mmol/L [1.3-2.78
mmol/L] vs. 10.97 mmol/L [4.20-11.81 mmol/L], p=0.009).
78 A9 AR AEA A3t A7 Table 20] 2= o] 9t}

3. Xz & A

39 A A9t 199(86.36%)°] YHstFoH, Hghe 5
A 5 7H(63.64%), o2AZHE FESA F 10%(90.91%)°]
FIAAZ L5t AL ALY L] S IUR
A, 6-16Q)01910H A AU WL T2 5URHEH
&, 4 9YE HE FEIAG} ke F53A Alo]o] BAFC
2 998 2ol it 129(54.55%)9] A oA ZERIES
o] FoFglon WErE FEIA F 57(45.45%), olEH 2
FEEA F 79(63.64%)°1A Fol=. JA fEAE 149
(68.18%)0lA] =3I}, v TS B5k0] 1078(45.46%)°N1A ol
o] FolEglon 67(27.28%)°A HFE oet&o] Foi=Urt.
Z|5E2 298(9.1%)°1A T =it AA -2 1178(50%)°l
A A= on BAH R Fo5tAE FUAT AtH S
ABeh A HiEhe S5 OIA 37(27.27%), dlEd FEE 5
E2A A 89(72.73%) 22 odd SEF SEA A o ek
o} JL717 F S g E o2 FU4 HHol 78(31.82%)2

Table 2. Comparison of laboratory findings according to the type of toxic alcohol poisoning

Variable Total Methanol Ethylene glycol p-value
Anion gap (mmol/L) 19.3249.52 13.2246.23 25.43+8.35 0.001*
Osmolar gap (moSm/kgH,0) 28.59 (9.95-75.00) 23.47 (6.44-60.70) 43.71 (12.25-90.28) 0.288
Estimated concentration (mg/dL) 153.24 (59.37-561.11) 92.51 (20.85-242.71) 273.20 (76.55-564.26) 0.146
BUN (mg/dL) 10.75 (8.10-16.30) 10.9 (8.7-16.3) 9 (6.90-17.10) 0.582
Creatinine (mg/dL) 0.89 (0.83-0.97) 0.86 (0.80-0.93) 0.95 (0.83-1.54) 0.153
AST (IU/L) 26 (19-32) 28 (19-34) 25 (17-30) 0.496
ALT (IU/L) 18.50 (13-29) 20 (13-29) 18 (10-29) 0.746
CPK (IU/L) 175+117.24 134.64+53.80 219.40+152.14 0.123
Amylase (IU/L) 79.50 (54-99) 67 (51-101) 83 (54-99) 0.627
Lipase (IU/L) 23 (17-39) 24.(19-62) 21 (11-34) 0.276
Lactic acid (mmol/L) 3.075 (1.77-10.97) 1.785 (1.30-2.785) 9.90 (4.20-11.81) 0.007*

Values are presented as meanzstandard deviation or median (interquartile range) for continuous variables.
BUN: blood urea nitrogen, AST: aspartate aminotransferase, ALT: alanine aminotransferase, CPK: creatine phosphokinase.

*p<0.05.
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Table 3. Comparison of treatment and clinical outcomes according to the type of toxic alcohol poisoning

Variable Total

Methanol Ethylene glycol p-value
ED disposition 0.379
GW admission 2 (9.09) 2(18.18) 0
ICU admission 17 (77.27) 7 (63.64) 10 (90.91)
Discharge 3(13.64) 2 (18.18) 1(9.09)
Hospital days 9 (6-16) 8 (5-12) 9.5 (6-27) 0.359
ICU stay 5 (4-9) 5(3-6) 5 (4-16) 0.468
ADH blocker
Ethanol (oral) 10 (45.45) 6 (54.55) 4 (36.36) 0.669
Ethanol (intravenous) 6 (27.27) 2(18.18) 4 (36.36) 0.635
Fomepizole 2 (9.09) 1(9.09) 1(9.09) 1
RRT 0.128
None 11 (50.00) 8(72.73) 3(27.27)
HD 5(22.73) 2(18.18) 3(27.27)
CRRT 3(13.64) 1(9.09) 2 (18.18)
HD+CRRT 3(13.64) 0 3(27.27)
Mechanical ventilation 9 (40.91) 3(27.27) 6 (54.55) 0.387
In-hospital complications
Shock 6(27.27) 2(18.18) 4 (36.36) 0.635
Rhabdomyolysis 3(13.64) 1(9.09) 2(18.18) 1
Hepatotoxicity 4(18.18) 1(9.09) 3(27.27) 0.587
Nephrotoxicity 4(18.18) 0 4(36.36) 0.09
Pancreatic injury 3(13.64) 3(27.27) 0 0.214
Aspiration pneumonia 7 (31.82) 2(18.18) 5 (45.45) 0.361

Values are presented as number (%) for categorical variables and median (interquartile range) for continuous variables.
ED: emergency department, GW: general ward, ICU: intensive care unit, ADH: alcohol dehydrogenase, RRT: renal replacement therapy, HD: hemo-

dialysis, CRRT: continuous renal replacement therapy.
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East and the West. The main active component of licorice, glycyrrhizin, is known to produce mineralocor-
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strength after a week. One week late

with daily potassium and spironolactone supplements, leading to a significant improvement in muscle

r, the patient was discharged, showing rare ventricular premature

contractions on electrocardiography, but with no specific complaints. Chronic licorice ingestion leading
to hypokalemia and muscle weakness can be life-threatening, necessitating the discontinuation of the

causative agent, close monitoring, and cautious supplementation of potassium and spironolactone as

treatment.
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