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REVIEW

Performance of the paracetamol-aminotransferase multiplication product in risk
stratification after paracetamol (acetaminophen) poisoning: a systematic review
and meta-analysis

Chun En Yaua , Haoyang Chena, Bryant Po-Yuen Lima, Mingwei Ngb, R. Ponampalamb,
Daniel Yan Zheng Limc, Yip Han China and Andrew Fu Wah Hod,e

aYong Loo Lin School of Medicine, National University of Singapore, Singapore, Singapore; bSingHealth Toxicology Service; Singapore,
Singapore; cDepartment of Gastroenterology and Hepatology, Singapore General Hospital, Singapore, Singapore; dDepartment of
Emergency Medicine, Singapore General Hospital, Singapore, Singapore; ePre-hospital and Emergency Research Centre, Duke-NUS Medical
School, Singapore, Singapore

ABSTRACT
Background: Risk stratification in paracetamol (acetaminophen) poisoning is crucial because hepato-
toxicity is common and can be mitigated with treatment. However, current risk stratification tools
have limitations.
Aims: We evaluated the diagnostic performance of the paracetamol concentration� aminotransferase
multiplication product, for predicting hepatotoxicity after paracetamol overdose.
Methods: Medline, Cochrane Library and Embase were searched for eligible papers. We used random
effects models to obtain pooled estimates of the likelihood ratios and diagnostic odds ratios, from
which sensitivity and specificity were computed. We assessed two commonly used cut-off values of
paracetamol� aminotransferase, 1500mg/L� IU/L and 10,000mg/L� IU/L. Using the confusion matri-
ces of these two cut-offs, area under the summary receiver operator characteristic curve and optimal
cut-off values in different clinical scenarios were established.
Results: Six studies comprising 5036 participants were included. In 4051 patients, using the cut-off of
1500mg/L� IU/L, a diagnostic odds ratio of 31.90 (95%CI: 9.52–106.90), sensitivity of 0.98 (95%CI:
0.94–1.00) and specificity of 0.66 (95%CI: 0.49–0.89) were obtained. In 3983 patients, using the cut-off
of 10,000mg/L� IU/L, a diagnostic odds ratio of 99.34 (95%CI: 12.26–804.87), sensitivity of 0.65
(95%CI: 0.51–0.82) and specificity of 0.97 (95%CI: 0.95–1.00) were obtained. For staggered ingestions,
the 1500mg/L� IU/L cut-off yielded a diagnostic odds ratio of 69.53 (95%CI: 4.03–1199.75), sensitivity
of 1.00 (95%CI: 0.87–1.00) and specificity of 0.74 (95%CI: 0.43–1.00). Next, using the 10,000mg/L� IU/L
cut-off in this scenario yielded a diagnostic odds ratio of 254.58 (95%CI: 11.12–5827.60), sensitivity of
0.79 (95%CI: 0.59–1.00) and specificity of 0.98 (95%CI: 0.94–1.00). The overall summary receiver oper-
ator characteristic curve was 0.91 (95%CI: 0.75–0.97), and the optimal cut-off value was 3840mg/
L� IU/L. The summary receiver operator characteristic curve in patients with staggered ingestions was
0.96 (95%CI: 0.85–0.99). The summary receiver operator characteristic curve in patients with staggered
ingestions and whose paracetamol concentration was below the detectable limit of 10mg/L at presen-
tation was 0.97 (95%CI: 0.94–0.99).
Conclusion: In this first meta-analysis, paracetamol� aminotransferase demonstrates its use in prog-
nosticating hepatotoxicity in patients with paracetamol poisoning. It complements the Rumack-
Matthew nomogram as it has shown promise in addressing two key limitations of the nomogram: it is
usable after more than 24h between overdose and acetylcysteine treatment, and it is applicable in
staggered ingestions.
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Introduction

Paracetamol (acetaminophen) overdose is the most common
treatable cause of acute liver failure in the United States and
the United Kingdom [1]. Paracetamol was estimated to cause
up to 48% of acute liver failure in patients [2]. Studies have
also shown an increase in incidence of paracetamol overdose
cases in the past few years [3–6]. Although an effective anti-
dote acetylcysteine exists [7], acetylcysteine is associated

with high incidence of adverse drug reactions (ADR), with
studies reporting ADR between 9% and 77% of patients [8].
Symptoms reported include anaphylactoid reactions,
headache, dizziness and convulsion [8]. Failure to initiate
acetylcysteine promptly could conversely lead to paraceta-
mol-induced liver failure necessitating liver transplant.
Acetylcysteine is also very effective when treatment starts
earlier. Patients who receive treatment within the first 8 h
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after an overdose have an extremely low risk of developing
hepatotoxicity [9,10], further highlighting the necessity of
early identification of overdose. While there has been recent
literature [11,12] highlighting treatment regimens that lower
the risk of acetylcysteine-associated ADR, objective risk
stratification tools are still required to prevent unnecessary
acetylcysteine initiation, while minimising the risk of
paracetamol-associated hepatotoxicity.

Among the most commonly used risk stratification tools
recommended by international guidelines, such as the one
published by the Treatment of Paracetamol Poisoning
Writing Group in New Zealand and Australia [13], is the
Rumack-Matthew nomogram. This nomogram estimates the
risk of toxicity and guides the prognostication and treatment
of acute paracetamol ingestion [14] by plotting serum para-
cetamol concentrations against hours since ingestion.
Treatment with acetylcysteine is recommended if the
“treatment line” is exceeded. However, this method suffers
from several disadvantages. It is not validated for staggered
ingestions or repetitive supratherapeutic [15] ingestions,
delayed presentation beyond 24 h, sustained release formula-
tions [16], and hinges on a known and reliable time of inges-
tion [17–19]. The decision to commence acetylcysteine is
therefore often hampered by inaccurate reporting of timing
of ingestion and dose ingested, especially since suicidal
patients may have intentionally overdosed [20] and may not
be in the correct mental state to offer reliable details about
the overdose. Excessive heavy alcohol consumption can also
trigger liver injury even at therapeutic doses of paracetamol
[21]. Thus, in chronic alcohol abusers, the potentiation of
paracetamol toxicity is not captured by the nomogram.

Newer risk stratification tools which measure the formation
of reactive metabolites have emerged with increasing research
into the molecular mechanisms of drug induced liver injury.
These mechanistic biomarkers such as microRNA-122 and
keratin-18 are slated to be more unique and applicable to the
individual patient [22–24]. However, these biomarker assays
are currently not routinely available in most emergency
departments or medical centres. Predictors of hepatotoxicity
in paracetamol overdose patients using commonly measured
biochemical values are needed. One such predictor is the
product of the serum paracetamol concentration and amino-
transferase activity (AT), using the activity of alanine amino-
transferase (ALT) or aspartate transferase (AST), whichever is
higher [18]. Lower limit cut-off value paraceta-
mol� aminotransferase ¼ 1500mg/L� IU/L proposed by
Sivilotti et al. [25] and upper limit cut-off value paraceta-
mol� aminotransferase ¼ 10,000mg/L� IU/L by Wong et al.
[26] are the limits investigated by existing studies.

Patients with a paracetamol�AT above the upper limit
have a high likelihood of developing hepatotoxicity, espe-
cially if it is more than 8 h post-ingestion [27]. Conversely, a
product below the lower limit is associated with a low likeli-
hood of developing hepatotoxicity [26]. Paracetamol�AT
can potentially complement the Rumack-Matthew nomogram
for guiding the decision to administer acetylcysteine, espe-
cially in cases of staggered ingestion, repetitive suprathera-
peutic ingestions or unknown time of ingestion. For

example, the paracetamol�AT product can even account for
unmetabolized paracetamol in the patient at the time of
presentation [18,28]. However, there have been few large-
scale studies and no meta-analysis to evaluate the diagnostic
utility of paracetamol�AT.

Aims

We evaluated the diagnostic performance of the paracetamol
concentration� aminotransferase multiplication product, for
predicting hepatotoxicity after paracetamol overdose.

Methods

Search strategy

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines for this sys-
tematic review and meta-analysis [29]. We accessed Medline,
Cochrane Library and Embase to identify relevant papers
from database inception to 23 November 2021, with lan-
guage restricted to English. A search strategy was developed
in conjunction with content experts using keywords and
MeSH terms synonymous to “alanine transaminase,”
“aspartate transaminase,” “acetaminophen,” “multiplication,”
“liver injury,” “hepatotoxicity,” “prediction,” “prognostic” were
utilized. Three authors independently carried out the prelim-
inary eligibility screening in a blinded fashion. The authors
screened the titles and abstracts before retrieving and
reviewing the full texts. Reviews, letters, comments, animal
studies, case reports and papers which solely investigated
paediatric populations were excluded. Conference abstracts
which published sufficient data to create confusion matrices
were included due to the small number of studies in this
field. A senior author resolved differences by discussion and
consensus. Studies were included if they (1) included any
mention of paracetamol overdose/poisoning/toxicity and (2)
utilised paracetamol�AT.

Data extraction and selection criteria

From each study, we used a standardised data extraction
sheet to extract information on the study period, country,
population demographics and acetylcysteine treatment pro-
cedures by two authors independently. Paracetamol�AT
was defined as the product of the first recorded values of
simultaneously measured serum paracetamol concentration
and either ALT or AST activity (whichever is higher).
Hepatotoxicity was defined as peak ALT or AST more than
1000 IU/L [26–28,30–32].

Statistical analysis

All analysis was done using RStudio (version 2021.9.1.372).
Statistical analysis was conducted with the mada (version
0.5.10), meta (version 5.2–0) and diagmeta (version 0.5–0)
packages. Meta-analyses of proportions were conducted
using meta to estimate overall prevalence of hepatotoxicity
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in included study populations, and to pool log-transformed
sensitivity and specificity for the two limits. Using mada, ran-
dom effects model following the DerSimonian and Laird
approach was used to pool the data to obtain overall nega-
tive likelihood ratio (LR�), positive likelihood ratio (LRþ),
diagnostic odds ratio (DOR) of the two limits [33]. Due to the
small number of studies, the univariate approach was used
in the calculation of DOR, LR- and LRþ. Heterogeneity was
measured using I2 values [34]. Using diagmeta which utilises
the approach outlined by Steinhauser et al. [35], different lin-
ear mixed models were fitted to estimate the distribution
function of paracetamol�AT within the included studies. For
the linear mixed models that converged, we applied the
restricted maximum likelihood criterion and the model that
minimised this criterion was selected. An overall summary
receiver operator characteristic (sROC) curve and the area
under this sROC curve (AUC) were derived for different clin-
ical scenarios. For each scenario, the optimum cut-off value
was calculated. The optimum cut-off value is the cut-off
where the maximum of a weighted sum of sensitivity and
specificity is obtained.

Subgroup analysis of factors that might alter
paracetamol�AT’s prognostic utility was conducted where
possible. Subgroups include nature of ingestions (single or
staggered), timing between ingestion and overdose, the use
of paracetamol�AT in predicting acute liver injury and use
of paracetamol�AT when the paracetamol concentration
was below the detectable limit of 10mg/L at presentation.

Risk of bias assessment

Two independent and blinded authors assessed studies for
methodological quality, using the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool [36] for diag-
nostic studies. The QUADAS-2 tool assesses the quality of
studies across four key domains: patient selection, index test,
reference standard and flow and timing. Disagreements were
resolved through discussion with a third independ-
ent author.

Results

The search strategy identified 564 relevant studies (Figure 1).
496 studies were left after removal of duplicates, of which 24
studies were included in the full-text review. Ultimately, four
studies and two conference abstracts were included in this
review, comprising 5036 patients (Figure 1). Of these six
studies, two were from Australia [28,30], two were from the
USA [31,32], one was from the United Kingdom [26] and one
was from Thailand [27]. The population demographic charac-
teristics were reported in Table 1. Two studies used only the
lower limit of 1500mg/L� IU/L, one study used the upper
limit of 10,000mg/L� IU/L, and three studies examined both
cut-off values. All are retrospective studies. All patients in
three studies [27,28,32] received acetylcysteine treatment,
while in three studies, a portion of the patients received ace-
tylcysteine [26,30,31]. All studies were at low risk of bias
(Supplementary Figure 1).

Incidence of hepatotoxic events

In the pooled analysis of 4051 patients across the five studies
[26–28,30,31] which investigated the lower limit, the preva-
lence of hepatotoxicity was 3.99% (95%CI: 0.98–14.79%). In
the pooled analysis of 3983 patients across the four studies
[26,28,30,32] which investigated the upper limit, the overall
prevalence of hepatotoxicity was 4.19% (95%CI: 0.68–21.80%).

Overall diagnostic accuracy of
paracetamol3aminotransferase

Using the lower limit as the cut-off to prognosticate if a
patient will develop hepatotoxicity yielded a DOR of 31.90
(95%CI: 9.52–106.90), sensitivity of 0.98 (95%CI: 0.94–1.00)
and specificity of 0.66 (95%CI: 0.49–0.89) (Figure 2). A sum-
mary of the analysis can be seen in Table 2. Using the upper
limit as the cut-off to prognosticate if a patient will develop
hepatotoxicity yielded a DOR of 99.34 (95%CI: 12.26–804.87),
sensitivity of 0.65 (95%CI: 0.51–0.82) and specificity of 0.97
(95%CI: 0.95–1.00) (Figure 3). The overall AUC value (Figure 4)
of using paracetamol�AT is 0.91 (95%CI: 0.75–0.97), and the
overall optimal cut-off value of paracetamol�AT is 3840mg/
L� IU/L. At this cut-off, sensitivity is 0.81 (95%CI: 0.58–0.93) and
specificity is 0.91 (95%CI: 0.78–0.97).

Diagnostic accuracy of paracetamol with varied ingestion
types
Further subgroup analysis was conducted on the types of
ingestion. Using the lower limit to prognosticate hepatotox-
icity following single ingestions yielded a DOR of 70.88
(95%CI: 5.27–952.69), sensitivity of 1.00 (95%CI: 0.94–1.00)
and specificity of 0.57 (95%CI: 0.22–1.00). When using the
upper limit, single ingestion yielded a DOR of 272.71 (95%CI:
12.91–5761.54), sensitivity of 0.73 (95%CI: 0.52–1.00) and spe-
cificity of 0.99 (95%CI: 0.97–1.00). The AUC value of
paracetamol�AT calculated for the subgroup of patients
who had single ingestions was 0.96 (95%CI: 0.90–0.99), and
the optimal cut-off value was 3730mg/L� IU/L. At this cut-
off, sensitivity is 0.90 (95%CI: 0.76–0.96) and specificity is
0.94 (95%CI: 0.59–0.99).

Prognosticating hepatotoxicity in staggered ingestions
using the lower limit yielded a DOR of 69.53 (95%CI:
4.03–1199.75), sensitivity of 1.00 (95%CI: 0.87–1.00) and spe-
cificity of 0.74 (95%CI: 0.43–1.00). Prognosticating hepatotox-
icity in staggered ingestions using the upper limit yielded a
DOR of 254.58 (95%CI: 11.12–5827.60), sensitivity of 0.79
(95%CI:0.59–1.00) and specificity of 0.98 (95%CI: 0.94–1.00).
The AUC value of paracetamol�AT calculated for the sub-
group of patients who ingested paracetamol in a staggered
manner was 0.96 (95%CI: 0.85–0.99), and the optimal cut-off
value was 3140mg/L� IU/L. At this cut-off, sensitivity is 0.88
(95%CI: 0.64–0.97) and specificity is 0.94 (95%CI: 0.42–1.00).

Prognosticating hepatotoxicity using the lower limit in
staggered ingestion (secondary analysis, where serum para-
cetamol concentration was below the detectable limit of
10mg/L and a value of the paracetamol concentration ¼
5mg/L was substituted into paracetamol�AT) yielded a
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DOR of 145.55 (95%CI: 14.25–1486.92), sensitivity of 1.00
(95%CI: 0.77–1.00) and specificity of 0.97 (95%CI: 0.93–1.00).
At the upper limit, staggered ingestion (secondary analysis)
prognostication yielded a DOR of 59.47 (95%CI: 5.49–643.81),
sensitivity of 0.45 (95%CI: 0.19–1.00) and specificity of 1.00
(95%CI: 0.97–1.00). The AUC value of paracetamol�AT calcu-
lated for the subgroup of patients who ingested paracetamol
in a staggered manner (secondary analysis) was 0.97 (95%CI:
0.94–0.99), and the optimal cut-off value was 722mg/L� IU/
L. At this cut-off, sensitivity is 0.95 (95%CI: 0.80–0.99) and
specificity is 0.92 (95%CI: 0.70–0.98).

Timing of ingestion
Using the lower limit to prognosticate for hepatotoxicity in
patients receiving treatment more than 8 h after ingestion
yielded a DOR of 85.37 (95%CI: 25.97–280.58), sensitivity of
0.96 (95%CI: 0.87–1.00) and specificity of 0.74 (95%CI:
0.47–1.00). Using the upper limit to prognosticate for hepato-
toxicity in patients receiving treatment within 8 h of inges-
tion yielded a DOR of 367.17 (95%CI: 33.95–3971.24),
sensitivity of 0.81 (95%CI: 0.60–1.00) and specificity of 0.98
(95%CI: 0.95–1.00). No meta-analysis was conducted for treat-
ment after more than 8 h since ingestion for the upper limit
as there was only one study [28].

Discussion

Early identification, prognostication and treatment of para-
cetamol overdose patients is vital as acetylcysteine signifi-
cantly reduces the risk of the patient developing serious
hepatotoxicity if the patient receives it less than 8 h after
ingestion [37]. This is important as patients who do not
receive acetylcysteine in time will cause the treatment to be
less efficacious and they might eventually develop acute liver
failure, for which the definitive treatment is liver transplant
[38]. In this paper, we have demonstrated the high DORs of
using paracetamol�AT cut-off values of 1500mg/L� IU/L
and 10,000mg/L� IU/L. Given the debilitating effects of liver
failure, and the comparatively mild adverse side effects of
acetylcysteine treatment, the high sensitivity of
paracetamol�AT at the lower limit is noteworthy, as it will
accurately identify a vast majority of the true positive cases
amongst those who will eventually develop hepatotoxicity.
We have also shown the potential of using paracetamol�AT
in patients who ingested paracetamol in a staggered manner
or patients with unknown time of ingestion of paracetamol,
the two main shortcomings of the nomogram. Summary
ROC analysis showed high sensitivity and specificity in prog-
nosticating hepatotoxicity in these two settings. Though the
utility of this result is limited by the small sample size and
the variable acetylcysteine treatment, it hints at the great

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart.

4 C. E. YAU ET AL.



Ta
bl
e
1.

Ba
se
lin
e
ch
ar
ac
te
ris
tic
s.

Au
th
or

(y
ea
r)

Lo
ca
tio

n
St
ud

y
pe
rio

d
St
ud

y
de
si
gn

n
Ag

e
(y
ea
r)

M
ea
n
±
SD

M
al
e

(%
)

Ac
et
am

in
op

he
n

in
ge
st
io
n

ch
ar
ac
te
ris
tic
s

M
ed
ia
n
(IQ

R)
Tr
ea
tm

en
t
re
gi
m
en

Li
m
its

in
ve
st
ig
at
ed

an
d
nu

m
be
r
of

pa
tie
nt
s
ex
ce
ed
in
g
th
e
lim

it
D
ef
in
iti
on

of
he
pa
to
to
xi
ci
ty

O
ut
co
m
es

Eg
an

et
al
.[3
0]

Au
st
ra
lia

3J
an 20

12
–J
un

20
17

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
26
6

43
.0
±
19
.4

45
.5

9
g
pe
r
24

h
(6
–1
2
g)

Th
irt
y-
on

e
(1
2%

)
pa
tie
nt
s

to
ok

m
od

ifi
ed

re
le
as
e
pa
ra
ce
ta
m
ol

9
ha
d
co
m
bi
na
tio

n
ab
us
e
to
ge
th
er

w
ith

pa
ra
ce
ta
m
ol

13
9
re
ce
iv
ed

N
AC

,
of

w
hi
ch

64
re
ce
iv
ed

an
ab
br
ev
ia
te
d

co
ur
se

(u
ns
pe
ci
fie
d
if
2

or
3
ba
g

N
AC

tr
ea
tm

en
t)
.

AP
AP

�
AT

>
15
00

m
g/
L
�
IU
/L

(5
8)

AP
AP

�
AT

>
10
,0
00

m
g/

L
�
IU
/L

(1
3)

AL
T
>
10
00

U
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AL
T
>
10
00

U
/L

(1
7)

Se
co
nd

ar
y

�
D
ea
th

(2
in

to
ta
l.
1
un

re
la
te
d
to

pa
ra
ce
ta
m
ol

w
hi
le

th
e
ot
he
r
ha
d

m
ul
ti-
fa
ct
or
ia
lc
au
se
s)

�
Li
ve
r
tr
an
sp
la
nt

(0
)

�
Ac
ut
e
Li
ve
r
In
ju
ry

–
AL
T
�
50

U
/L

(9
4;

89
al
re
ad
y
pr
es
en
te
d
w
ith

AL
T
�
50
,5

m
or
e
de
ve
lo
pe
d

su
bs
eq
ue
nt
ly
)

W
on

g
et

al
.[2
8]

Au
st
ra
lia

Fe
b
20
14
–A

ug
20
16

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
44
7

29
.4
±
19
.0

23
.3

H
T:
25
4
m
g/
kg

(1
40
–3
66
)

N
on

-H
T:
22
5
m
g/

kg
(1
67
–3
33
)

Al
l4

47
pa
tie
nt
s

re
ce
iv
ed

a
tw
o-

ba
g
N
AC

re
gi
m
en

�
20
0
m
g/
kg

fu
se
d

ov
er

4
h

fo
llo
w
ed

by
a

fu
rt
he
r
10
0
m
g/

kg
in
fu
se
d

ov
er

16
h

AP
AP

�
AL
T
>
15
00

m
g/
L
�
IU
/L

(2
48
)

AP
AP

�
AL
T
>
10
,0
00

m
g/

L
�
IU
/L

(2
6)

AL
T
�
10
00

IU
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AL
T
�
10
00

U
/L

(5
)

Se
co
nd

ar
y

�
Ac
ut
e
Li
ve
r
In
ju
ry

–
pe
ak

AL
T
�
2�

ba
se
lin
e
AL
T
&
ab
ov
e
50

IU
/L

(1
3)

�
N
o
de
at
hs

or
tr
an
sp
la
nt
s

N
ac
ca

et
al
.[3
1]

U
SA

Ju
l2

01
1–
Ju
l2

01
4

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
29

–
–

St
ag
ge
re
d,

ch
ro
ni
c
&

tim
e
un

kn
ow

n
AP

AP
ov
er
do

se
s

17
ou

t
of

18
pa
tie
nt
s
w
ho

ha
d
ac
ut
e,

kn
ow

n
tim

in
g
of

in
ge
st
io
n

re
ce
iv
ed

N
AC

th
er
ap
y.
11

pa
tie
nt
s
w
ho

ha
d
st
ag
ge
re
d,

ch
ro
ni
c
&
tim

e
un

kn
ow

n
AP

AP
ov
er
do

se
di
d
no

t
re
ce
iv
e

N
AC

th
er
ap
y.

AP
AP

�
AT

>
15
00

m
g/
L
�
IU
/L

(1
1)

AS
T
�
10
00

IU
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AS

T
�
10
00

U
/L

(1
)

�
N
o
de
at
hs

or
tr
an
sp
la
nt
s

W
on

g
et

al
.[ 2
6]

U
K

Fe
b
20
05
–M

ar
20
13

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
38
23

30
.0
±
5.
90

41
.5

Al
lp

at
ie
nt
s
w
ith

AP
AP

ov
er
do

se
an
d
bo

th
se
ru
m

AP
AP

&
AL
T

ac
tiv
ity

m
ea
su
re
d

13
04

pa
tie
nt
s

re
ce
iv
ed

IV
N
AC

th
er
ap
y;
of

w
hi
ch

al
l3

4
pa
tie
nt
s
w
ith

H
T

re
ce
iv
ed

th
e

en
tir
e
30
0
m
g/
kg

U
K
N
AC

re
gi
m
en

AP
AP

�
AL
T
>
15
00

m
g/
L
�
IU
/L

(2
81
)

AP
AP

�
AL
T
>
10
,0
00

m
g/

L
�
IU
/L

(2
6)

AL
T
>
10
00

U
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AL
T
>
10
00

U
/L

(2
0)

Se
co
nd

ar
y:

�
Co

ag
ul
op

at
hy

–
pe
ak

IN
R
>
2

(u
nc
le
ar

in
pa
pe
r)

�
N
o
tr
an
sp
la
nt
s

�
2
de
at
hs

(B
ot
h
un

re
la
te
d
to

pa
ra
ce
ta
m
ol
)

(c
on
tin
ue
d)



Ta
bl
e
1.

Co
nt
in
ue
d.

Au
th
or

(y
ea
r)

Lo
ca
tio

n
St
ud

y
pe
rio

d
St
ud

y
de
si
gn

n
Ag

e
(y
ea
r)

M
ea
n
±
SD

M
al
e

(%
)

Ac
et
am

in
op

he
n

in
ge
st
io
n

ch
ar
ac
te
ris
tic
s

M
ed
ia
n
(IQ

R)
Tr
ea
tm

en
t
re
gi
m
en

Li
m
its

in
ve
st
ig
at
ed

an
d
nu

m
be
r
of

pa
tie
nt
s
ex
ce
ed
in
g
th
e
lim

it
D
ef
in
iti
on

of
he
pa
to
to
xi
ci
ty

O
ut
co
m
es

Ch
om

ch
ai

et
al
.[2
7]

Th
ai
la
nd

Ja
n
20
04
–J
un

20
12

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
25
5

23
.0
±
5.
90

15
.7

Ac
ut
e
is
ol
at
ed

AP
AP

ov
er
do

se
pr
es
en
tin

g
w
ith

in
24

h
of

in
ge
st
io
n

Al
l2

55
pa
tie
nt
s

re
ce
iv
ed

st
an
da
rd

N
AC

th
er
ap
y

AP
AP

�
AT

>
15
00

m
g/
L
�
IU
/L

(1
12
)

AT
�
10
00

IU
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AT

�
10
00

U
/L

(3
2)

Se
co
nd

ar
y:

�
Co

ag
ul
op

at
hy

–
pe
ak

IN
R
>
2
(1
69
)

�
N
o
fu
lm
in
an
t
liv
er

fa
ilu
re

or
de
at
hs

�
Tr
an
sp
la
nt
s
no

t
in
di
ca
te
d

O
ffe

rm
an

et
al
.[3
2]

U
SA

Ju
l2

00
3–
D
ec

20
07

Re
tr
os
pe
ct
iv
e

co
ho

rt
st
ud

y
21
6

–
25
.5

Ac
ut
e,
is
ol
at
ed

AP
AP

ov
er
do

se
pr
es
en
tin

g
w
ith

in
24

h
of

in
ge
st
io
n

Al
l2

16
pa
tie
nt
s

re
ce
iv
ed

N
AC

th
er
ap
y

AP
AP

�
AT

>
10
,0
00

m
g/
L
�
IU
/L

(2
7)

AT
�
10
00

IU
/L

Pr
im
ar
y:

�
D
ev
el
op

H
T
–
AS

T
or

AL
T
�
10
00

U
/

L
(2
7)

�
N
o
de
at
hs

or
tr
an
sp
la
nt
s

Le
ge
nd
.

AL
T:
Al
an
in
e
tr
an
sa
m
in
as
e.

AP
AP

:A
ce
ta
m
in
op

he
n.

AS
T:
As
pa
rt
at
e
am

in
ot
ra
ns
fe
ra
se
.

AT
:A

m
in
ot
ra
ns
fe
ra
se
.

H
T:
H
ep
at
ot
ox
ic
.

IN
R:

In
te
rn
at
io
na
ln

or
m
al
is
ed

ra
tio

.
IQ
R:

in
te
rq
ua
rt
ile

ra
ng

e.
N
AC

:N
-a
ce
ty
lc
ys
te
in
e.

Al
lv
al
ue
s
ar
e
pr
es
en
te
d
as

m
ea
n
±
st
an
da
rd

de
vi
at
io
n
or

m
ed
ia
n
(IQ

R)
.



usefulness of paracetamol�AT, possibly complementing the
nomogram in scenarios where the nomogram is
not validated.

In the seminal study by Smilkstein et al. [39], amongst
those treated within 8 h with oral acetylcysteine, hepatotox-
icity developed in three of 214 patients whose initial para-
cetamol concentration was below the treatment line of the
Rumack-Matthew nomogram. Using the data from Smilkstein
et al.’s paper, we obtained a sensitivity of 0.83, specificity of

0.30, LRþ of 1.19, LR� of 0.562 and a DOR of 2.11.
Comparing this to the diagnostic utility of paracetamol�AT
in patients treated within 8 h with acetylcysteine (Table 2),
the DOR when using the lower limit [27,28] is much lower
than that of the nomogram, but the DOR when using the
upper limit [26,28] is much higher. While the utility of this
finding is limited by the small number of studies included in
the subgroup analysis, the high DOR of the 10,000mg/
L� IU/L certainly warrants further research. Using the data

Figure 2. Sensitivity and specificity for 1500mg/L� IU/L limit.

Table 2. Summary of overall analyses.

Number
of studies n DOR 95% CI I2 LRþ 95% CI I2 LR� 95% CI I2

Overall
1500mg/L� IU/L 5 4051 31.90 9.52–106.90 5.26% 3.51 1.31–9.40 0.00% 0.13 0.06–0.27 0.00%
10,000mg/L� IU/L 4 3983 99.34 12.26–804.87 0.00% 35.99 6.28–206.20 0.00% 0.39 0.25–0.62 0.00%
Subgroup analyses
1500mg/L� IU/L (Single ingestion) 2 3063 70.88 5.27–952.69 0.00% 4.10 0.57–29.60 0.00% 0.06 0.01–0.40 0.00%
10,000mg/L� IU/L (Single ingestion) 2 3063 272.71 12.91–5761.54 0.00% 77.25 9.03–660.73 0.00% 0.32 0.14–0.73 0.00%
1500mg/L� IU/L (Staggered ingestion) 2 438 69.53 4.03–1199.75 0.00% 6.32 0.71–56.38 0.00% 0.09 0.01–0.61 0.00%
10,000mg/L� IU/L (Staggered ingestion) 2 438 254.58 11.12–5827.60 0.00% 66.22 2.12–2072.04 0.00% 0.28 0.12–0.64 0.00%
1500mg/L� IU/L (Staggered ingestion,

secondary analysis)
2 82 145.55 14.25–1486.92 0.00% 15.96 5.96–42.71 0.00% 0.12 0.02–0.75 0.00%

10,000mg/L� IU/L (Staggered ingestion,
secondary analysis)

2 82 59.47 5.49–643.81 0.00% 33.52 4.14–271.33 0.00% 0.58 0.32–1.02 0.00%

1500mg/L� IU/L (Within 8 h of ingestion) 2 290 0.61 0.05–7.38 0.00% 0.89 0.42–1.87 0.00% 1.40 0.30–6.47 0.00%
1500mg/L� IU/L (After 8 h of ingestion) 2 285 85.37 25.97–280.58 0.00% 4.94 1.05–23.30 0.00% 0.11 0.04–0.27 0.00%
10,000mg/L� IU/L (Within 8 h of ingestion) 2 2876 367.17 33.95–3971.24 0.00% 60.68 5.57–661.54 0.00% 0.23 0.09–0.63 0.00%

Number
of studies n Sensitivity 95% CI I2 Specificity 95% CI I2

Overall
1500mg/L� IU/L 5 4051 0.98 0.94–1.00 0.00% 0.66 0.49–0.89 98.30%
10,000mg/L� IU/L 4 3983 0.65 0.51–0.82 54.20% 0.97 0.95–1.00 86.80%
Subgroup analyses
1500mg/L� IU/L (Single ingestion) 2 3063 1.00 0.94–1.00 0.00% 0.57 0.22–1.00 99.30%
10,000mg/L� IU/L (Single ingestion) 2 3063 0.73 0.52–1.00 52.30% 0.99 0.97–1.00 79.60%
1500mg/L� IU/L (Staggered ingestion) 2 438 1.00 0.87–1.00 0.00% 0.74 0.43–1.00 95.60%
10,000mg/L� IU/L (Staggered ingestion) 2 438 0.79 0.59–1.00 0.00% 0.98 0.94–1.00 66.50%
1500mg/L� IU/L (Staggered ingestion, secondary analysis) 2 82 1.00 0.77–1.00 0.00% 0.97 0.93–1.00 0.00%
10,000mg/L� IU/L (Staggered ingestion, secondary analysis) 2 82 0.45 0.19–1.00 0.00% 1.00 0.97–1.00 0.00%
1500mg/L� IU/L (After 8 h of ingestion) 2 285 0.96 0.87–1.00 47.10% 0.74 0.47–1.00 97.10%
10,000mg/L� IU/L (Within 8 h of ingestion) 2 2876 0.81 0.60–1.00 0.00% 0.98 0.95–1.00 82.70%

AUC value 95% CI
Optimal cut-off

value/ mg/L� IU/L
Sensitivity at
this cut-off 95% CI

Specificity at
this cut-off 95% CI

Overall 0.91 0.75–0.97 3840 0.81 0.58–0.93 0.91 0.78–0.97

Subgroup analyses
Staggered ingestion 0.96 0.85–0.99 3140 0.88 0.64–0.97 0.94 0.42–1.00
Staggered ingestion (secondary analysis) 0.97 0.94–0.99 722 0.95 0.80–0.99 0.92 0.70–0.98
Single ingestion 0.96 0.90–0.99 3730 0.90 0.76–0.96 0.94 0.59–0.99

Legend.
DOR: Diagnostic odds ratio.
95%CI: 95% Confidence intervals.
I2: Higgins’ statistic.
LRþ: Positive likelihood ratio.
LR�: Negative likelihood ratio.
AUC: Area under curve value.
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from Prescott et al. [10], we obtained an overall sensitivity of
0.90, specificity of 0.50, positive likelihood ratio of 1.80, nega-
tive likelihood ratio of 0.20 and a diagnostic odds ratio of
9.00 for the subset of patients who were above the treat-
ment line 300mg/L at 4 h post overdose and received treat-
ment 10–24 h since ingestion. While this comparison is
limited by the fact that the treatment line in the included
studies is not 300mg/L, the fact that the 1500mg/L� IU/L
cut-off outperforms the 300mg/L treatment line in the sub-
group of patients who received treatment more than 8 h
after ingestion warrants further research.

Our study has shown that paracetamol�AT is a potent
diagnostic tool in staggered ingestions. The current gold
standard for risk stratification, the nomogram, is highly chal-
lenging [28] and has not been validated in patients with
staggered ingestions or delayed presentations. Our findings
show that using paracetamol�AT of acute and staggered
ingestions are comparable (Table 2). The significant AUC
value (0.96; 95%CI: 0.85–0.99) for staggered ingestions, along
with the high DOR, LRþ and low LR� imply that
paracetamol�AT is worthy of more investigation in this sub-
group of patients. This is important as these undetected
patients represent a large proportion of patients that present
with signs of liver damage. In a cohort study by Leventhal

et al. [40], more than half of the patients who presented
with paracetamol-induced acute liver failure or injury had
undetectable concentrations of paracetamol. Our study has
shown that in cases where serum paracetamol concentra-
tions are below the detectable limit of 10mg/L,
paracetamol�AT performs with high diagnostic accuracy.
With a significant proportion of cases of paracetamol toxicity
being due to staggered ingestions (11.1–23.5%) [18,26,28],
the potential for the use of paracetamol�AT to prognosti-
cate hepatotoxicity is significant.

Importantly, this paper has estimated different cut-off val-
ues for paracetamol�AT in different clinical settings that
maximise diagnostic accuracy. The estimated cut-off value of
3840mg/L� IU/L to predict hepatotoxicity in paracetamol
overdose patients has high sensitivity and specificity. This is
supported by Wong et al. [28], which showed that departure
from 100% sensitivity occurs at cut-off values of more than
1500mg/L� IU/L.

One possible area for further research is the utility of
paracetamol�AT in cases where there are more than 24 h
between ingestion and acetylcysteine treatment. The nomo-
gram has only been validated for paracetamol overdose
cases presenting within 24 h [39]. Only one included study
[26] examined the diagnostic utility of paracetamol�AT in
such cases. Paracetamol�AT demonstrates high sensitivity
and specificity at both the upper and lower limits of the cut-
off values. Though the conclusion of this study is limited by
the small sample size, the high sensitivity and specificity,
especially in scenarios where the nomogram is not validated,
warrants further research.

However, we note some limitations of the current
paracetamol�AT multiplication product. It should be cau-
tioned that, in concordance with the findings of Chomchai
et al. [27] and Wong et al. [18], the diagnostic value of
paracetamol�AT is lower if calculated within 8 h of inges-
tion. An elevated paracetamol�AT within 8 h of overdose is
more probably due to unmetabolized paracetamol rather
than increased activities of aminotransferase [18]. In this sub-
group analysis [27,28], most of the patients whose
paracetamol�AT were measured within 8 h of overdose and
had a paracetamol�AT of more than 1500mg/L� IU/L were
started on acetylcysteine treatment earlier. This is a con-
founding factor in predicting hepatotoxicity as the number
of false positives will increase. Hence, in line with the sug-
gestion of Wong et al. [18], it would be wise to repeat the
paracetamol�AT calculations after certain time intervals to
adjust the acetylcysteine regimen accordingly. Further stud-
ies could look at the utility of paracetamol�AT for risk

Figure 3. Sensitivity and specificity for 10,000mg/L� IU/L limit.

Figure 4. Summary Receiver Operating Characteristics curve for overall multi-
plication product (AUC: 0.91 (95% CI 0.75–0.97)).
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prognostication for liver failure or mortality. The multiplica-
tion product is assessed to be useful in the setting of stag-
gered ingestions and following newer two-bag acetylcysteine
regimens [28] for paracetamol overdose.

Applying the paracetamol�AT in a clinical setting, a
guideline can be created according to the cut-off values
investigated in this study. As more studies are conducted on
the multiplication product, the overall optimal cut-off value
could be updated from the estimated 3840mg/L� IU/L as
reflected in this study. Once an updated cut-off value is
established, patients with paracetamol�AT above that cut-
off value could be marked out as “high risk” patients and
could be admitted for close monitoring. A high acetylcys-
teine dose and aggressive treatment can be considered in
these patients. Patients below this cut-off can be marked as
“low-risk,” and if below 1500mg/L� IU/L, are unlikely to
develop hepatotoxicity and acetylcysteine treatment could
be abbreviated or terminated.

As a caveat, it is important to note that the optimal cut-
off value is defined mathematically here as the weighted
sum of sensitivity and specificity. In this study, we gave equal
weight to both sensitivity and specificity. However, in a clin-
ical setting, this might not be favoured. For example, in the
emergency department, sensitivity might be prioritised. In
such cases, the optimal cut-off value for the multiplication
product can be easily adjusted using diagmeta to assign
more weight to sensitivity. On the flipside, if future studies
were to trial newer, more intensive treatment regimens for
paracetamol poisoning, it might be favourable to assign
more weight to specificity. Thus, the paracetamol�AT prod-
uct, along with the methods outlined in this paper, allow
researchers to test out different hypotheses in differ-
ent contexts.

In recent years, it has been shown that biomarkers such
as microRNA-122 and keratin-18 have high specificity when
prognosticating the development of acute liver injury [24].
More work should be done to validate the cost-effectiveness
of incorporating these biomarkers into diagnostic algorithms.
Future prospective studies should compare the diagnostic
performance of the multiplication product and these bio-
markers against the nomogram directly.

Strengths and limitations

This meta-analysis is the first to aggregate the data of all
known studies about the paracetamol�AT multiplication
product. The results provide information about the prognos-
tic performance of the two well-established cut-off values of
1500mg/L� IU/L and 10,000mg/L� IU/L and provides a
comprehensive overview of possible subgroups. It also
presents optimal cut-off values for paracetamol�AT in dif-
ferent clinical scenarios where the nomogram cannot be
used. Although there were no deaths or cases of acute liver
failure reported in this study, this could be due to insufficient
follow up time. There are reports of mortality and liver trans-
plant in patients who have survived paracetamol poisoning
in the longer term [41]. Using paracetamol�AT can help to
identify more patients to undergo acetylcysteine treatment,

which might hence have longer term benefits.
Paracetamol�AT also accounts for many factors such as the
time of ingestion, quantity of ingestion, and severity of
ingestion into a single continuously valued variable, thus rec-
ognising the spectrum of severity in paracetamol poisoning
unlike the Rumack-Matthew nomogram which only indicates
two categories: high-risk and low-risk. It should be noted
that other existent risk stratification tools, such as the King’s
College criteria [42], are used to predict patients with fulmin-
ant hepatic failure who will benefit from liver transplantation.
In paracetamol-overdose patients, the multiplication product
can be used at an early stage of treatment to adjust acetyl-
cysteine dosage accordingly, possibly complementing the
use of the King’s College criteria.

However, the reliability of this study is affected by the
small number of included articles (n¼ 6). There is also a rela-
tively large range in the mean age of the patients included
in the study, ranging from 29 [28] to 43 [30]. It is known that
ADR incidence increases with increasing age [43]. Thus, aging
could have predisposed older patients to increased hepato-
toxicity risk. Amongst the studies, there was no direct com-
parison between paracetamol�AT and the Rumack-Matthew
nomogram, so it is uncertain how many patients would have
received treatment if the nomogram criteria was applied.
Studies also did not mention any pre-existing liver patho-
logical conditions or any alcoholic behaviour which would
have increased the risk of hepatotoxicity for the same dos-
age of paracetamol. The reliability of the findings could also
be affected by the inconsistent selection of patients under-
going acetylcysteine treatment, with some studies providing
acetylcysteine treatment to all patients and some providing
abbreviated acetylcysteine treatments or only to a portion of
patients. Different studies also utilised different acetylcys-
teine regimens, with some administering the “traditional”
three-bag acetylcysteine infusion [26,27], and others adminis-
tering a two-bag regimen [28]. These could account for het-
erogeneity in the studies’ findings. There is also a paucity of
data concerning non-biochemical outcomes, such as mortal-
ity or the number of patients who required liver transplant.
In future large-scale studies, it would be advisable to follow
a unified guideline and regimen for acetylcysteine treat-
ment [17,37].

In the secondary analyses included in this paper, paraceta-
mol concentration ¼ 5mg/L was substituted into
paracetamol�AT for overdoses with unknown paracetamol
concentration. More studies can be done to validate this sub-
stituted value. This study is also limited by the lack of indi-
vidual patient data. This necessitated the estimation of the
AUC values and the optimal cut-off values for each subgroup
of patients using the diagmeta package. This also prevents
more granular analysis such as for example, an analysis of
subgroups of patients stratified according to their presenting
aminotransferase concentration and an investigation of how
that affects diagnostic accuracy of paracetamol�AT. This
lack of individual patient data prevented us from confirming
the underlying distributions of paracetamol�AT within the
study populations. This study is also limited by possible
incorporation bias [18,27] as paracetamol�AT includes
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aminotransferase activity. Thus, if aminotransferase activity is
already more than 1000 IU/L, hence meeting the definition of
hepatotoxicity, paracetamol�AT will naturally be higher.
However, in such instances, paracetamol�AT can still be
useful, as it provides a measure of unmetabolized paraceta-
mol, which is a sign of impending liver injury [18]. Thus,
when incorporated into a single product with aminotransfer-
ase activity, it is more useful than examining aminotransfer-
ase activity in isolation. Future work can investigate how the
removal of the subgroup of patients with presenting amino-
transferase activity >1000 IU/L affects the prognostic value of
paracetamol�AT.

Conclusion

In conclusion, this first meta-analysis on the
paracetamol�AT multiplication product demonstrates its
use in prognosticating hepatotoxicity in patients with para-
cetamol poisoning. It complements the Rumack-Matthew
nomogram as it has shown promise in addressing two key
limitations of the nomogram: it is usable after more than
24 h between overdose and acetylcysteine treatment, and it
is applicable in staggered ingestions.
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