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Comparison of Silymarin, Penicillin, N-acetylcysteinein
Patient with Amatoxin Poisoning: A Systematic Review

Min Woo Choi, M.D., Dong Ryul Ko, M.D., Taeyoung Kong, M.D.,
Min Hong Choa, M.D., Je Sung You, M.D., Sung Phil Chung, M.D.

Department of Emergency Medicine, Yonsel University College of Medicine, Seoul, Korea

Purpose: This study was conducted to evaluate the clinical efficacy of pharmacologic treatment of amatoxin poison-

ing patients.

Methods: Literature was accessed through PubMed, EMBASE, Cochrane library, KoreaMed, KISS and KMBASE.
Studies relevant to human use of pharmacologic therapy including silymarin, penicillin and N-acetylcysteine (NAC)

for amanita poisoning were included. Case reports, letters, editorials and papers with insufficient information were

excluded. Comparison of clinical outcomes (especially mortality and liver transplantation rate) in each study was

analyzed.

Results: The final analysis included 13 retrospective studies. None of these studies showed direct comparisons of

individual agents. Among 12 studies comparing silymarin vs penicillin, eight showed clinical superiority of silymarin.

Among eight studies comparing silymarin with NAC, six showed clinical superiority of silymarin. Among seven stud-

ies of NAC vs penicillin, five showed clinical superiority of NAC.

Conclusion: This systematic review suggested that clinical superiority of various pharmacological agents used to

treat amatoxin poisoning is debatable. Nevertheless, the available evidence suggests it is reasonable to consider

combinations of multiple agents for patients with amanita poisoning. Further studies are required to establish a

treatment regimen for amanita poisoning.
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B Al (Amanita virosa) o] 9o},

Amatoxin $59] X5 BEH X559 FEQH, F
.29 22l 7F ol A7hAl Thakek Aol ALEEL 3)
t}. o]F FE QW el Z$ silymarin, penicillin, N-
acetylcysteine (NAC) 5-0] thE 2 o]n o] ¢]oj = thofah
AR b7 % £ Efedos AHE g,
Silymaring 3 T 97 A (milk thistle)e] FEE=Z 1)
amatoxin®] 7ZHA|EZ5 A% A, 2) Ut FEoM 4
9} AAA 0T AL 3) Eho GFA vjdy Ayes
AA, 4) E3E A LA 2] TNF-a EH] JA, 5) &4
Az B g4 A4S 718 B 354 aRe
Holtta &4dA Y}, Penicilling Amatoxin F=9|
74 Bol AbgEole A8A F R I FEA
OATP1B39l| 4222 Afste] 7+ Y= 2] amatoxin
o] o] F& e 7|1dE T3 FE4 AHE BRIl B
A}’ NACE ROS scavengerg} glutathione ATA =2
A goto] $E& AAE Lehts B ek,

A A}FE-2 Amanita species FIA 55 A E o2
tEA Q1 37HA] = Qo] A5 58S dolr 7] st
of AAA FALZEE AP35} dct.
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Reporting Items for Systematic reviews and Meta-
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Table 1. Search strategy of databases

Information Service System (KISS), Korean Medical
Database (KMbase) 5o]%lom to]euo] 2 o] AL-8-3F

ZAA A2 Table 191 %718} it}
AL T e A7Atel ol Al E o, AL7|E
°FE FolEst i 8 vme 452 T

3o EndNote (XS

Thomson Reuters)Oﬂ Aglste] FEH & AASA

o =3 3 o] 88 FAFIAES AES o gl £
o] Q1o 713}

N

==2| 2 F7t

Aeld Fdo d& 9= Scottish Intercollegiate
Guideline Network (SIGN)2] A ZZ2EE o] &35}
H7bsl ek, SIGNe] & HrleF= AT §3 o wat
F FE2S MAS L, level 12 WEHEA, 729 T = 4
Aol AMAA A, T2 dix AdFol sfFsta
level 2= 34} 23 A7 LT E AT, B °]F ©]
&3 AAA FHargo] s|FstH, level 3= S| H L 7
2 H] B A level 4= AR} oA So| s}

G levele] 20 BF & & HAs] IS
AY 2, 4R FdE EFEY B Y E UEE

294 29k 3% = BARAL

3. Xt=o| Qo
%ﬁt‘f} ?‘%}%iﬂr ol i3k gk QR = ZAJE
7 e

E3lo] Zb oFA (silymarin,
pemcﬂhn, NAC) Z} ¢kA|7 ] X8 &322 Al 2 7o)

Database Hits Search strategy

PubMed 118 (“poisoning” [Mesh] OR “intoxication” [Mesh]) AND (amanita [Mesh] OR “mushroom poisoning”
[Mesh]) AND ((“silibinin” [mesh] OR “silibinin” [all fields]) OR (silymarin OR legalon OR milk thistle)
OR penicillins [Mesh] OR acetylcysteine [Mesh])

Embase 500 (“silibinin’/exp OR silibinin OR ‘sylimarin’/exp OR sylimarin OR penicillin OR acetylcysteine) AND
(‘amanita’ /exp OR amanita OR ‘mushroom’ /exp OR mushroom) AND ([english]/lim OR [korean]/lim)

Cochrane library 3 amanita OR amanita phalloides OR Amatoxin

KoreaMed 25 (amanita[ALL] or amatoxin [ALL] or mushroom [ALL] ) and (poisoning [ALL] or intoxication [ALL])

KMbase 68 Amanita

KISS 27 Amanita

* KISS: Korean studies information service system, KMbase: Korean medical database
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EHAMS E35 PubMed 1187, Embase 5007,
Cochrane library 371, KoreaMed 2571, KISS 277,

Records identified through database

searching
(n=741)

PubMed: 118

EMBASE: 500

Cochrane library: 3

KoreaMed: 25
KISS: 27

KMBase: 68

AN DE

KMbase 687, 7] ZAM o 7 7} 3710] AM LA} =
B AT ARH 252 AEstel & AT B3}
ddo] gle E3& At 647HS &4 5} rh(Fig.
1). ol &9 gl W8-S =3 301, F@HaL 974,
A5 AR7F BFEe A7 339, A4 63, AR 24, 4
£ 9 g0l ol2)e] ol ALH 419, e AnEe
oOE 28-‘?4_, %% g4 A8 184, in-vitro study 11H-&
o=

= shoirh. £ 48 59

Additional records identified

through other sources
(n=3)

(n=647)

Records after duplicates removed

A 4

(n=647)

Title and abstracts screened

Records excluded due to no

relevance
(n=348)

A 4

Y

eligibility
(n=301)

Full-text articles assessed for

Case report (n=97)
Review (n=48)

Letter (n=6)
Editorial (n=2)
Language (n=41)

A 4

4

Other treatment (n=28)
Insufficient information (n=33)
Animal study (n=18)
In-vitro study (n=11)

No abstract (n=4)

Studies included in qualitative
synthesis
(I’l=1 3)

Fig. 1. Flow diagram according to PRISMA format.
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SIGN®| & 7} =7tof| o) F3F4 Aol thsto] 2
D12 AlFPstgon, J7F Ax} 2++0] 28, 2-7}F 11H 0]
Ath(Table 2, 3, 4). 8¢ 2 H7} gL 29 o] A7z
o o3 P HNH, oA ELA7L e B ARl
AE 925 Fstgov A7ARE o] AL gt

3. X|&2 E11°| H|w

Silymarin, penicillin, NAC7} @42 A48 39+= ¢l
AL, BEA X 59} tlEo] 271A] o]/¢e] 2A|7F E-8-5 o]
ARS-E AT ST o] Tt 7 ekAIREe] A5 a S
A A APEE/Zrol A v)&) o whet vl 24 3} it

1) Silymarin2} penicillin Z+2| X| 2 &1} H| 1

12# o] A silymarin¥} penicillin 7+e] X8 &3}=2 2|7t
Ao 2 v 7hsstlen, X g8 1 thekt A3t 1B
A (Table 2). Silymarino] penicillin®t} 93k
Agads BRItk B 334 A7+ F 8HORE
silymarin FAX 8 F= B3d2g 82 X5 A& 3¢
ol Al ZnkA o & v QI BIE B st

47 0] Z8kA] Aol A silymarind} penicillin 7+e] ]
S 97 LAY RA), penicilline] o X822
2 Y5ttt (3H) Barst it

2) SilymarinZt NAC 78| X| 221} H|

8A A silymarin®} NACTFe] X 2572 A7bHo=
v 7Hsstgem, A sad) 7F vhofet A9yt RaEgl
tH(Table 3). 8 Z silymarine] X|g & 37} $-Lsjcin
Bgh =72 F 6Ho|ATH. UH A 2R =FoA=
T kA X2 &L o 2 2}ol7} glrhal ¥ sl gt

3) NACZ} penicillin Z+2| X|2& 2} H| W

7R NACS} penicillin 7] X12a835 7o
2 v 7Hsstglow, X 5an 2k vhakg Anyl narE
9t} (Table 4). o] & NACe] XZax/} $9d3icty B
AZE = sEoIT. Y A| 28 9] =FollX = peni-
cillino] o] $-€3lttar B s}t
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Amatoxing @A7HA 7HF & el A SLaA
B cyclopeptides 7| Ge] S A4
HAY7EA] 97FA] 9] amatoxin®] &G E 21 a-amanitin
2 olF Asisdon Bo] 14 we BT, ol
DNA ¢]& RNA THEA 15 oA FomA| dld 3t
S A7 AAH o2 fgiaky st MEE(9F
I AN, A, AAFE M) &8 YAl E 5
& 33¥ o] OATPIB3 #8418 53 & € F 9%
oA w2 A ARpA| AR, AR A gl e okelA A
gato] k2 5 gk AFH F 48A1%ke] Avhd i
o Bt WA AlRbAL AdRe) A% 47 w8
(enterohepatic circulation)g §3l Hul 447X = &
9e 4 gt olE ol F, WA, AFTE v
2] A2 G Hcentrilobular necrosis) & 4o

o 2wle @ wld TN AT A AT
d AAT JALE doA TF 7 R 4l

FH0 2 o]ojA|A Hrh?,

Amatoxin T i3 55 GibA FEF Sl g
RHEZ 79 o2 ¥ 183 molecular adsorbents
recirculating system (MARS)9} & A 9] A& A7
3 b A tig HF X5 Tho| A7HA] TRk X 54
HZo| o]Fo|A gttt ke Q| A9 v A FA
Al (benzylpenicilin, ceftazidime), cimetidine, vitamin C,
NAC, silymarin 53} g7 ZFZol|= polymyxin B 22
FRATAZIA chFet kA7 @A 0 2 AR-H AL Qi

Silymarine 3 F4 9747 (milk thistle)d] FE&
65-80%5 TAst= B2 77l o]4e] flavolignano &
o]Fo]x g}, Silibining silymarinollA] A& o2 o]
£ 75 it 5 28 24 F A FE YA o] A A
(diastereoisomer)?l silybin A%} silybin Bo|] 1:12 &3+
o] Jr}”. BF o dgH =T silymarin/silib-
inin/silybino] &% o] ALg-=u} 25 3] 4 g7 <]
FEE Y AEE4E FYg o2 ALS ST,

g &FY B 24 97 H=E zo|7t o, dvkA
o= AW FAR S0 mg/kge 5244t Bt FostH
Ax adc Z2EFH AL EF 7 24 FX
(AST/ALD®] B3} FAReR 714 ol wase
TS A FAE o] ANt txTtel Hlsl HwbA<Ql
WAEE Woha delA ol el B W, &
2, ohJmeA2 e A gtk el gle s, 1,500
mg/day o]’ F-of A] 7hu]g- G 27] yhgo] il W
JE8p Aok, Rambaldi §'70] 91549 &3 fatA
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Table 4. Comparison of clinical outcome based on retrospective studies (NAC vs penicillin)

LOE

Key results

6.7% (NAC) vs 11.6% (Pen)

Qutcomes

Case/control
192 cases (11.8% of 1,632) NAC chemotherapy

Patient group

Author, year

2++

Mortality

Clinical datafrom 2018

Enjalbert'¥

2002

1411 cases (86.5% of 1,632) penicillin chemotherapy
624 cases (29.6% of 2110) silymarin chemotherapy
192 cases (9.1% of 2110) NAC chemotherapy

hospitalized amatoxin poisoning

2++

6.8% (NAC) vs 10.68% (Pen)

Mortality

Total 2110 cases; 2018 cases

Poucheret™®

2010

from Enjalbert et al.(2002) report
and 2 complementary cases from
the original databases

2-

75% (NAC) vs 85.7% (Pen)

Mortality and liver

8 cases (66.7% of 12) NAC in the regimen

12 patients presented with ALF

due to mushroom poisoning
12 patients presented with

Fix®
2011

transplant

7 cases (58.3% of 12) penicillin in the regimen
6 cases (50% of 6) NAC chemotherapy

33.3% (NAC) vs 25% (Pen)

Mortality

Roberts®
2013

: Amatoxin S5

4 cases (33.3% of 12) penicillin chemotherapy

a history suggesting Amatoxin

poisoning

4.4% (NAC) vs 18.7% (Pen)

Mortality

24 cases (60% of 40) NAC+Standard regimen
16 cases (405 of 40) Standard regimen

40 patients with Amatoxin
intoxication

Akin®
2013

* Standard regimen: Penicillin+conservative care

Unclear

= &K
=

2-

46.7% (NAC) vs 66.7% (Pen)

Mortality and liver

A total of 18 patients were

Karvellas®

2016

XHIAl Silymarin, Penicillin, N—acetylcysteine2| St Hlm: XMHH
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nE

cephalosporin ceftazidime?] 73-%- peni-
cillin tJAAZ AEH1E 9o}, A
7HA] Azl AHEE o7F A ARSA] T
BB silymarind} o] AFgEo] 43
ceftazidime A}A| o] X582 HE tolsl=
o Aol glo] FT F7hAel A7) 2
28 opAlZ AZE O,

NACE: oAl Eo} el el 55
|H=
Eotu|3l F5o
3} 2 B4 0% Q1) AT Qi of
oo,

A8 Z2EFY| FF, 1) 1583 150
mg/kge] o, 2) 4A17F F<F 50 mg/kg
£ 3) 16AI1ZF F¢F 100 mg/kg &A=
FofstAl "ot 4§ A-g-ollA ohhdE
Al = INR 9% A7 Beltja B
i glo] Fo AL Fo7t e 7=
S g7|Ak o] oyt o A=W
W Fol shiz nelel 4 ATk,

Vitamin C¢] 7% = &A9] Ak} 9]
& drASE 78312 odAstta R
g=d o]# 7][E& &3] amatoxinl] ¢
3 A EE & T g 3 AL
£ 9=t} B3 9}, Cimetidine2] 73
$ FEAFHA CYP450 EAES oA
sto] HFAH O E A E FAte} ThA|E 2
HEZE=go} &4 Erhal ikl
Ao sF 71-E F3l amatoxine] €]
6]- 7t E/H_Q Q_—]Z‘ﬂé‘].]:]_"'[ B o]];]_
d-¢ e

AFE= glo

= A 5ol AL
2 EA| & amatoxin F53} o}A
Ol/\wgl (s] /\].}\-1 (7].

Rl

Vitamin C4} cimetidine®] 7
2 AYE A5 584 HaL
1 acetaminopheno]y} CCloll 2]t 7¢
=73E& HAlstd 71l Zebsto] 2084
HH g A58y A5 X9 H
% 'n”—’l o2 AMEIRY. A8 8L
Mme e AA0g AT} BFRelol
e Azepzt e Sl 1442
2 nejg e opd Aoz Al
< in-vitro I 2 FEAE Aol
A AFF 2 polymyxin Be] 7% a-
amanitin®] A= RNA THE L 119
AAH oz Aol 5o 442 U

iy By glon g jde g 7t

T

FJ

M

J KoreaN Soc CLiN ToxicoL / 39



UHerdat=4stalX\ Ml 162 Ml 15 2018

"—F%& o7 NAHA B2 Y A A= ol
A Fa® s Hedl, Bold7tAY] wrtaHoR
Molecular Adsorbent Recirculating System (MARS®)
I+ Fractionated Plasma Separation and Adsorption
System (FPSA, Prometheus®) 5o] 9t} o]= dA|7}1A|
F5o] ofg §4 7t 2 Aol YAHH E3E Rl
B3E3 gk, A 71 AL IR Y 548D %
A5 BAE FlEd] FA
AASA ek,

&8 uZo] giito]l | Al kAl 5 NAC, penicilling]
A4 :?11]1 BT AuAA 2@ AFAA 2Wo] sFssht,
u|=2] 739 AMFAA 7} AFRE T Q1= silymarind =
Yo = A}%- 7153 AWA| A7} gla, A& silymarin
2l Legalon & (@A 70 mg, 140 mg ¢ 2 A 715
ghol Al Folth”,

3 ad 43 9y QFZﬂ Ao} ot 9 A5719]
£ A3 A7 AN H, o kAl A
3k vl A7k ﬂl—‘?—‘?—ol"‘u} AN E A AT
-2 1007 olste] AL 153 Ude Algd

1, AT o oAl Folzs ul iz 7k 5 A
o7} 2 797} wo} BAA Hlast olele 497+ Bl

1) Silymarin2} penicillin ZtS| X|2 &1} H|
H) o BAE) 12ﬁ49] AT T 8H A silymarin®] ¢ 1
4 AnE NGOt U ATeIAE At s
S Xﬂ:l' Aol J—ZH?;EE} Silymarino] X|g& o2 99|
2 H 313 AT = Zilker £°%°¢] A7} Ganzert £2¢]
= QW7 silymarin+penicillin 2%
Zre] H|nl 2 silymarin @5 Q¥ o] UL AIYES AR
silymarino] penicillinol] v]3] X225 o2 $-Ysjcly &
13 A7 gk, s o] Silymarind} penicillin 7+e] A
3280 23 A2 aF A3} FS5AE glo] AT A &)
Ao Algt Aol gitkal B} F kAT X585 AT} vl
3tAU, penicilline] o $-¢]e] okl B3 Renstroff
579 A9}l Ahishali 522 A2 Z$ silymarin+
penicillintNAC X277 Penicillin+tNAC X &g H]
WF A0 F Penicillin®} NAC 7te] Jg ofsl= o443
22 @ 4 glo] of wa A7 49 AT Hez A
Z} ¥t

)

01-1
A=4

flo

ml

A= silymarin &

2) Silymarin2t NAC Zt2| X|Z2 &1} H| 1l
H o BA5) 59,] AT Z 6 A silymarin®] ©] 1}

40/ J KoreaN Soc CLIN ToxicoL

o I A%E BYovt A% AFANE A3t 4l
oJF As+A o] ZA T}, Roberts 520] 121 2] Amatoxin
T FAE dFo R 3 AFA = silymarin, peni-
cillin, NAC Fo] EA=o] AHE-Eo] AHEAHOZ+=
silymarin®} NACQ] X5 & 37} vl$sicla B ustgge
L kAR 35 S A wiAE & gle AT A
o] AA

3) NACS2} penicillin Zte| x| 221} H|

H|aL 243 73] A7 5 SHeA NACT} ] U2 §
$A AE Hdvh NACY X84 915 Haugh a7
% Akin 5770] 40 2] Amatoxin 5 AE Ao
Al Aol B HEH A5E 3 FHOE AP
AA3F] penicillin X E33} NAC X E-& H| 23 o
2 BA A} = 9RAel 9 AE 71 & ullAste] 2kA|
2he] Wi} v folat A7 Azt

B AT o] AF A /AT ek, A, FFA o
T2 AR A MG WY Hlwr) ofeer dF
B9 AT hET + 2olst A Azate] vart
ogfltt. EA, A5l AME-H B §F 9 Foihy
o] M2 th2al UN =19 ¢ olel g &g &
aleto] of el ¢l A g1te| AH Hli’J} ojE 3t AA =
o o] @ oFA 12}94 HRE 3 + 9oL oh2 oA

oo,

M

¢

—Ll
Lo

S H]
Al ela 4% cloke Witel T ek 4
Lﬁﬂﬂ] He

Aol it

|
a2 E

FAAA 1 A e 2
e g Aol v
ohRi okAike] A7 Wit Qe

$400] ol Wa Aol ol
W0 webA 23 O g AT 498 )
Q7 gon, au7RAE BEA X189 tEo]
silymarin, penicillin, NAC 5-¢] X E¥HS 1&s}= A 9|
g g5}y,

e

Min Woo Choi (https://orcid.org/0000-0002-0398-6835)



ES

Sung Phil Chung (https://orcid.org/0000-0002-3074-011X)

=

10.

11.

12.

13.

14.

15.

16.

Sohn CH. Type and treatment of toxic mushroom poisoning
in Korea. JKorean Med Assoc 2015; 58:818-24.

Smith MR, Davis RL. Mycetismus: areview. Gastroenterol
Rep 2016;4:107-12.

Mengs U, Pohl RT, Mitchell T. Legalon®™ SIL: the antidote
of choice in patients with acute hepatotoxicvity from ama-
toxins poisoning. Curr Pharm Biotechnol 2012;13:1964-70.
YeY, Liu Z. Management of Amanita phalloides poisoning;
A literature review and update. J Crit Care 2018;46: 17-22.
GarciaJ, Costa VM, Carvaho A, Baptista P, de Pinho PG,
de Lourdes Bastos M, et al. Amanita phalloides poisoning:
Mechanisms of toxicity and treatment. Food Chem Toxicol
2015;86:41-55.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. J Clin Epidemiol
2009;62:1006-12.

Available at: http://www.sign.ac.uk/checklists-and-notes.
html. Accessed April 13, 2018.

Berger KJ, Guss DA. Mycotoxins revisited: part 1. J Emerg
Med 2005;28:53-62.

Polyak SJ, Oberlies NH, Pecheur El, Dahari H, Ferenci P,
Pawlotsky JM. Silymarin for HCV infection. Antivir Ther
2013;18:141-7.

Sdler R, Meier R, Brignoli R. The use of silymarin in the
treatment of liver disease. Drugs 2001;61:2035-63.
Post-White J. Advances in the use of milk thistle. Intergrr
Cancer Ther 2007;6:104-9.

Rambaldi A, Jacobs BP, laguinto G, Gluud C. Milk thistle for
acoholic and/or hepatitis B or C virus liver diseases. Cochrane
Database Syst Rev 2005;2:CD003620.

Zuber R, Modriansky M, Dvorak Z, Rohovsky P, Ulrichova
J, Simanek V, et a. Effect of silybin and its congeners on
human liver microsomd cytochrome P450 activities. Phytother
Res 2002;16:632-8.

Enjalbert F, Rapior S, Nouguier-Soule J, Guillon S, Amouroux
N, Cabot C. Treatment of amatoxin poisoning: 20-year ret-
rospective analysis. J Toxicol Clin Toxicol 2002;40:715-57.
Poucheret P, Fons F, Dore JC, Michelot D, Rapior S.
Amatoxin poisoning treatment decision-making: Pharmaco-
therapeutic clinical strategy assessment using multidimen-
sional multivariate statistic analysis. Toxicon 2010;55:
1338-45.

GarciaJ, Costa VM, Carvalho AT, Silvestre R, Duarte JA,
Dourado DF, et a. A breakthrough on Amanita phalloides
poisoning: an effective antidotal effect by polymyxin B.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

912 Q|: Amatoxin 55 &HAI0IlA Silymarin, Penicillin, N—acetylcysteine® &1t Hlm: MHA D&

Arch Toxicol 2015;89:2305-23.

Rifai K, Ernst T, Kretschmer U, Bahr MJ, Schneider A,
Hafer C, et a. Prometheus--a new extracorporeal system
for the treatment of liver failure. J Hepatol 2003;39:984-90.
Pillukat MH, Schomacher T, Baier P, Gabriels G, Pavenstadt
H, Schmidt HH. Early initiation of MARS(R) dialysis in
Amanita phalloides-induced acute liver injury prevents
liver transplantation. Ann Hepatol 2016;15:775-87.
Available at: http://drug.mfds.go.kr/html/index.jsp. Accessed
May 20, 2018.

Zilker TR, Felgenhauer NJ, Michael H, Strenge-Hesse A.
Grading of severity and therapy of 154 cases of Amanita
poisoning. Vet Hum Toxicol 1993;35:331-6.

Zilker TH. Prognosis and treatment of amatoxin poisoning.
Clin Toxicol 2009;47:467.

Ganzert M. Felgenhauer N. Schuster T, Eyer F, Gourdin C,
Zilker T. Amanita poisoning-conparison of silibinin with a
combination dlibinin and penicillin. Dtsch Med Wochenschr
2008;133:2261-7.

Rengstorff DS, Osorio RW, Bonacini M. Recovery from
severe hepatitis caused by mushroom poisoning without
liver transplantation. Clin Gastroenterol Hepatol 2003;1:
392-6.

Ahishdi E, Boynuegri B, Ozpolat E, Surmeli H, Dolapcioglu
C, Dabak R, et al. Approach to mushroom intoxication and
treatment: can we decrease mortality? Clin Res Hepatol
Gastroenterol 2012;36:139-45.

Robert DM, Hall MJ, Falkland MM, Strasser SI, Buckley
NA. Amanita phalloides poisoning and treatment with sili-
binin in the Australian capital territory and New South
Wales. Med J Austr 2013;198:43-7.

Akin A, Keskek SO, Kilic DA, Aliustaoglu M, Keskek NS.
The effect of N-acetylcysteine in patients with Amanita
phalloides intoxication. J Drug Metab Toxicol 2013;4:1-3.
Krenova M, Pelclova D, Navratil T. Survey of Amanita
phalloides poisoning: clinical findings and follow-up eval-
uation. Hum Exp Toxicol 2007;26:955-61.

Fix OK, Davern TJ, Doo E, Zaman A, Ganger DR, Reddy R,
et a. Acute liver failure due to mushroom poisoning in the
United States: Results from the ALFSG registry. Hepatology
2011;54:497A.

Karvellas CJ, Tillman H, Leung AA, Lee WM, Schilsky
ML, Hameed B, et al. Acute liver injury and acute liver
failure from mushroom poisoning in North America. Liver
Int 2016;36:1043-50.

Trakulsricha S, Srigpha C, Tongpoo A, Udomsubpayakul U,
Wongvisavakorn S, Srisuma S, et a. Clinical characteristics
and outcome of toxicity from Amanita mushroom poisoning.
Int JGen Med 2017;10:395-400.

J KoreaN Soc CLIN ToxicoL / 41



