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Purpose: The purpose of this study was to determine whether hepatotoxicity could be predicted early using bio-
chemical markers in patients with acetaminophen (AAP) poisoning and to assess the usefulness of predictive fac-
tors for acute liver injury or hepatotoxicity.

Methods: This study was a retrospective observational study involving a medical records review. The participants
were patients who were admitted to the emergency department (ED) with AAP overdose at two hospitals over a 10-
year period. Demographic data, age, time from ingestion to visit, initial AAP level, initial hepatic aminotransferases,
and initial prothrombin time were recorded. Acute liver injury was defined as a peak serum ALT >50 U/L or double
the admission value, and hepatotoxicity was defined as a peak ALT >1,000 U/L. Receiver operating characteristic
curve analyses were performed to compare the prognostic performance among variables.

Results: A total of 97 patients were admitted to the ED with AAP overdose, of whom 26 had acute liver injury and 6
had hepatotoxicity. Acute liver injury was associated with the time interval after taking the drug, and hepatotoxicity
was associated with the initial PT and the ALT level. The scoring system proposed by the authors has a significant
ability to predict both acute liver injury and hepatotoxicity.

Conclusion: To predict the prognosis of AAP poisoning patients, the time interval after taking AAP was important,
and initial prothrombin time and ALT level were useful tests. Also a scoring system combining variables may be
useful.
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Table 1. Proposed scoring system to predict hepatotoxicity for
acetaminophen overdose

Variables Value Score
Time <8 0
8< <12 1
>12 2
PT (INR) normal 0
abnormal 1
ALT normal 0
abnormal 1
AAPX ALT <1500 0
1500< <3000 1
>3000 2

Time (hours): time of visit after taking the drug
AAP X ALT (mg/L*IU/L): acetaminophen-aminotransferase
multiplication product
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Table 2. Comparison of demographics and clinical variable between patients with and without acute liver injury

ALl No ALI
n=26 n=71 pVaue
Female count, n (%) 22 (84.6) 67 (94.4) 0.122*
Age, years 23.5[13-81] 22 [2-88] 0.274
Time (hr) 10[1-26] 3[1-22] 0.000
Initial AAP (mg/L) 123.9(97.9) 124.9 (96.6) 0.966
Initial PT (INR) 1.12 (0.14) 1.04(0.2) 0.021
Initial AST (IU/L) 24.5[16-633] 19[8-44] 0.000
Initial ALT (1U/L) 14[5-321] 12[5-37] 0.001
AAP treatment nomogram 0.000
No hepatic toxicity 4 (15.4) 39 (54.9)
Possible hepatic toxicity 3(11.5) 7(9.9
Probable hepatic toxicity 19(73.1) 25(35.2)
AAP X ALT (mg/L*IU/L) 2164 [23.1-38400] 1087.9 [83.5-8211.6] 0.010
Hospital day 5[2-26] 3[2-57] 0.002
Data are presented as n (%), mean (standard deviation), median [minimum-maximum]
Mann-Whitney U-test, *: Pearson’s chi-square test,
initial AAP, initiad PT (INR): Student t-test
AAP X ALT: paracetamol-aminotransferase multiplication product, ALI: Acute liver injury
Table 3. Comparison of demographics and clinical variable between patients with and without hepatotoxicity
Hepatotoxicity No Hepatotoxicity
n=6 n=91 pValue
Female count (%) 6 (100) 83(91.2) 0.448*
Age 25[20-65] 22[2-88] 0.337
Time (hr) 17.8[4-26] 5[1-25] 0.002
Initial AAP (mg/L) 140.2 (116.5) 123.6 (95.7) 0.686
Initial PT (INR) 1.26 (0.12) 1.05(0.1) 0.000
Initial AST (IU/L) 126 [40-633] 20[8-120] 0.000
Initial ALT (IU/L) 123.5[27-321] 12 [5-95] 0.000
AAP treatment nomogram 0.008
No hepatic toxicity 0(0) 43 (47.2)
Possible hepatic toxicity 0(0) 10 (11)
Probable hepatic toxicity 6 (100) 38(41.8)
AAP X ALT (mg/L*1U/L) 9866.4 [3288-38400] 1606.93 [23.1-8211.6] 0.000
HD (day) 7[6-16] 4[2-57] 0.001

Data are presented as n (%), mean (standard deviation), median [minimum-maximum]
Mann-Whitney U-test, *: Pearson’s chi-square test,

initial AAP, initial PT (INR): Student t-test

AAP X ALT: paracetamol-aminotransferase multiplication product

J KoreaN Soc CLIN ToxicoL / 151



UHerdat=4stalX\ Ml 16 2 Ml 2 = 2018

oA WAYS}A] ere TR} @rovt FTAHeRE fofdt
ztol= Stk e BAl AAP & 54 1Y/
73 WAY of ol whe} 2ozt gliTh(Table 2, 3).

.58 = 3ozt

58 T AHAREL 34 1/ 54 HATolA T
A g BAoME FA ey 1A
Aol J-e v Xe AdAA M (pc0.001, p=0.002). T}
Hg BN = FA el %S v AE AR Y
ERGTH(p(0.001). §A 7HEFE dl&dhe AR Y] -8
el sl A E7] 93] ROC 34 o] &-3fo] w243

85w =4 ofgf 992 0.818%2 145}1;}1:}@1(3, 1A).
E8 5 dufe] Algto] At & el ghE wf <fn] 9}

AR & FloE sl 1] sl AIREE 22t 44
AIZE, 12A1E, 16A13E, 20417 7|22 &2 Fitsto] 2
Lol gt ASA 5 A A3 34 ESS] B¢
8AIZES 71F LR YT} PojX|aL Bolwr} eyl
RS Bon 7h5A B9 1242k 7|Ee g 1zt
7t "olAaL Hol=7t St BFS Bt

=0
L
7 8
Bgl:"-

2. Li# Al PT (INR)

Wl ZA] PT (INR) 3= 54 1HEAolv 154 3
Aol @S m A= FEol AL (p=0.021, p<0.001) T+H
F BN E A B o FFE vXE FA8g 3

ol ATH(p=0.032). ZFZAS AZ3He Az F-§Ael
sl AR $18 ROC 4L olg3tel B %e
w A obzl g9 09218 YeFITHFig. 1B). WY 2

1.0 _//__/
— Time
0.8 — AAP X ALT
; Scoring
= 0.6+
B
0.4+
<AUC>
Time : 0.818
0.2 AAP X ALT : 0.672
Scoring : 0.848
080 o2 04 s o8 10
1-Specificity

Sensitivity

Al INR A7} 4Rt S7E o] gl 784
9] &&= WIE 38 5%, Eo|& 87.3%, 7HEAl ] o
o= 66.7%, Eo]% 83 5%= H Tt} (Table 4).

o<
B4 1

AN oz

=

o7t

LA w i

3. W& Al oo MEE A

W BA] ASTF ALT 2= 5 5
oo ujgt 2ol & KGO}, F FHE Alo]
’do] o4l =o] thA® A A ASTE= A| 93813
Al ALTE 34 7o 7HEA] kAl o) Oﬂ?gt
=0 2 eyt o v (p=0.001, p{0.001), T}
A= o dE AR e THp=0.009). 7H54
sk AR 9] {8 ol il AR 7] $13) ROC 341
o]g-ste] A8 S wf A ofel] YL 0.9802 =2
Ebth(Fig. 1B). W9 @A) AST, ALT g Zo) shiets
Z7HEo e AS FA UEAY] dSoe U=
38.5%, 5o]% 98.6%E KL, TH5Ae] o Fole= 17
%= 100%, 5-0]% 94.5%5 R tH(Table 4).

o,
o
i
0{_,

ol N
ol i

3
>
o

1¢mbﬂ
tlo 0 =
T

2

d|
>
1 oo A =2 rfF o 2 ox

4. AAP X ALT

AAP X ALTE F4 7H&23/7b524 A R e 4+
A7t %1919_1%<p=o 01, p=0.000) (Table 2, 3) T}
A8 A3 GLS u= A EYt FA AL o=
= AR {8 sl AHET] fF ROC =%
o] gsto] A8 B ol A ol ¥ 0.6722 e
Yo} (Fig. 1A).

olg] T4 AAIE cutoff <l 1,500
TO 2 ) 8-S o) 54 HEA

2t
ol

mg/L*IU/L 7]
Fe dzets AREA

1.0

/ ~

— Initia

0'8-[ Scoring
0.64
0.4+

<AUC>

Initial PT : 0.921
0.24 Initial ALT : 0.980

Scoring : 0.987
0%% 0.2 0.4 0.6 0.8 1.0

1-Specificity

Fig. 1. ROC analysis of variablesto predict (A) acute liver injury and (B) hepatotoxicity.

152 /J KoreaN Soc CLIN ToxicoL



22 2 OtNIECID -8l &= SXHIA 25y 2 KISseE2 |R8Y

3.1%, Bol% 62%, HEAE S A
25 100%, Eolx 56%= &2lE At (Table
4), o]o] B AFAE cutoff S Z7HA7|H g ZA 2
et gel 54 1HEdelxE 1,500 mg/LHU/L 715E
o7 ARt §43] At Solwrt S 3h=
AeAE 3,000 mg/LIU/LE 7|& 02 757} 7HAas)
I Bo|zrt ke BES Bt

rlr
rg
o)
=
~I

5. Scoring system

2]

HesS 2831 scoring systemg THE T 3]
< 3 rEAdolv THEA oM BT fr R
= ATH(p<0.001, p=0.001). T4

33 H=A L &3t QalR o] F-8A400l dis) A
B7] 93 ROC 45 2 43 34 ofgf 992
7} 0.848, 0.987=2 VEbITH(Fig. 1).

g0 2 olde o Al F AL AT
sl ZA7he] Azt A IS o= A= S8 3
=4 FRlE 2 A 54 1] S 13 o] F IR e
7} FA8H aske AEFS B 154 B 23

=
F st st 34 ol F Holwst Hobxe
a o

>
o?‘:‘,
e
f
_‘L_l‘
ol
oL »

NOE AN o

¢

T

H
i

s L

T
e}
e

PT, ALT, AAP treatment nomogram, AAP X ALT7} &
AHYIL chAsF BA-& T3l 58 F AHAART el =
T AYEATG. THEAAE dST 7 e AR JA T
F NS TAE B8 T AL, W 94 PT, ALT,
AAP treatment nomogram, AAP X ALT7} &elxgjo
v ohis A4S AXEA W A PTS ALT 9felle
25 AL A ROC F4& o] &gt vluLolA] 54 1F
&ro) dlZolz B8 T A0l 4 §45H0 ]
(AUC 0.818), 7t=54A 9] dSoll= WY BAl ALTZE 713
&3 AAFE YERTHAUC 0.980).

58 F AHAEe A4 & e thad 24371
A, b= A ol QlolA e T E EA oA frefm|
g ARE 7HAYE 8% 84 F e 2 ol
W A £F8FE NACT =7 Folg 5 ol gl
7] w0 2 AZHETh NACE FoA17]7F =olHefl wle}
oFEo] a7t §43] 7HAstr] wiiEoll Fojrlgto] wig-
Fa3”. AR 58 T 2 AR Fof| W =2+
< Wl NAC X85 1138 vhg ofv] JA| Al of 3=
Zholl A& B0 A& e =2 3] ofH AT
uetr] 2 AT oM AZPEE t2d] 7|EE Aks
A EX|7} duht SEtA=A] F7HA 02 A E Tt

PT 53 2F &35 4 Aello] A g2 de] A2
B AFME FACGZSE 21%, SANZSE 97 4%= TF
545 dSst=d v e AR FAFHAG. o=
Levin 570] Alggt AtolA A& A% PT 2171 4
TH BT UNEAE AT 7 e AT FHASE

Hagh

30%, 573 A5E7}F 95%ztaL At frakek A3tol

ar

Table 4. Predictive performances for ALI and hepatotoxicity by variables

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Initial PT

ALI 385 87.3 52.6 79.5

Hepatotoxicity 66.7 835 21 97.4
Initial AST, ALT

ALl 385 98.6 90.9 814

Hepatotoxicity 100 94.5 54.6 100
Nomogram

ALl 73 64.8 432 86.8

Hepatotoxicity 100 58.2 13.6 100
Initial AAPX ALT

ALl 73 62 413 86.3

Hepatotoxicity 100 56 13 100

PPV positive predictive value, NPV: negative predictive value
Initia PT: Predictive value when theinitial PT (INR) is abnormal

Initial AST, ALT: Predictive value when either initial AST or ALT is abnormal

Nomogram: Predictive value of the AAP treatment nomogram when analyzed based on * Probable hepatotoxicity

Initidd AAP X ALT: Predictive value when initial AAP X ALT isabove 1,500 (mg/L*1U/L)
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Fig. 2. Predictive value change according to cut off difference of scoring value.
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