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Abstract

Objective. To characterize early risk factors of moderate/severe hepatotoxicity in a pediatric population with
acetaminophen overdose, due to suicide attempt, admitted to a general secondary-level pediatric department.
Methods. A retrospective case study of 107 patients, || to |5 years old. Results. There was a highly significant
relationship between the number of episodes of prehospital vomiting and several elevated hepatologically relevant
biochemical parameters, for example, maximum aspartate aminotransferase (P = .0001). The duration of the latency
time before initiation of N-acetylcysteine treatment was significantly related to the elevation of several hepatologically
relevant biochemical parameters (eg, maximum y-glutamyl transferase; P = .0001). Patients suffering from illness prior
to their suicide attempt had significantly greater elevations of their hepatologically relevant biochemical parameters,
for example, maximum alanine aminotransferase (P = .01) levels than healthy patients. Conclusion. By use of risk
factors, it is possible to identify pediatric patients at increased risk of moderate/severe hepatotoxicity at an early
stage of admission.
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with suicide attempts by adult patients.*® Moreover,
children have a larger hepatic cell mass and greater
capacity for hepatic regeneration.’

When consumed in therapeutic doses, acetamino-
phen is metabolized by the liver through 2 pathways
) (Figure 1). Specifically, 90% of the drug is conjugated
In Denmark, more than 275 of 100 000 children aged 10 with glucuronic acid or sulfates, yielding nontoxic con-

tof 15.y.e;1 s are admltteq to }11 osg itals each ¥ear becguse jugates that are excreted by the kidneys. Approximately
o suicide attempts, primarily by means of acetamino- 5% 1is metabolized into the reactive intermediate

2 . s . . .
phen.” Thus, hepgtotoxm?y an@ potential liver failure etyl-p-benzoquinone imine (NAPQI), by the cyto-
caused by acetaminophen in childhood and adolescence chrome P450 system® (if gluthathione stores are intact).

15a dominant p rpblem. Children who overdoge on ace‘F- When acetaminophen is ingested in excessive doses, the
aminophen typically have a good prognosis even if

severe hepatotoxicity has developed—few are referred
to a tertiary specialized pediatric department, and the
majority of pediatric patients are discharged from a gen-
eral secondary-level pediatric department with intact

Introduction

Acetaminophen (paracetamol) is a widely used and
readily available analgesic that has the potential to cause
serious liver injury when taken in overdose.' It is the
drug of choice in suicidal attempts in Western societies.
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Figure |. The conjugation of acetaminophen by glutathione
and cytochrome P450.

gluthathione stores are depleted, and the highly reactive
toxic metabolite, NAPQI, is produced in excessive
amounts. N-acetylcysteine (NAC) acts as an antidote to
acetaminophen toxicity by enhancing the glutathione
stores, providing glutathione substitution and enhancing
disposition by nontoxic sulfate conjugation.’

Studies in adults have shown that acetaminophen-
poisoned patients with a high frequency of vomiting
tended to have a worse liver outcome than patients with
a low frequency of vomiting."® Furthermore, several
studies in adult patients have demonstrated the impor-
tance of early initiation of NAC treatment in cases of
acetaminophen overdose.'"'> Finally, a recent animal
study has shown that concomitant viral infections or
fasting could potentially aggravate the hepatic toxic
effects.”® One pediatric study from 1995 also discussed
whether a viral infection could lower the threshold for
hepatotoxicity.'*'®

In our opinion, none of the above-mentioned possible
early risk factors of hepatotoxicity have been thoroughly
studied in a pediatric population. The general purpose of
the present study was, therefore, to identify early risk
factors of hepatotoxicity in pediatric patients admitted to
a general secondary-level pediatric department after the
ingestion of an acetaminophen overdose as a part of a
suicide attempt. We focused on the following possible
early risk factors: prehospital vomiting, in-hospital
vomiting, the latency time before NAC treatment, and
illness prior to the suicide attempt. We have chosen to
focus on patients admitted to a general secondary-level
department, since the majority of patients are admitted,
treated, and discharged from such departments. It is of
outmost importance that clinicians know about and are
aware of early risk factors of acetaminophen-induced
moderate/severe hepatotoxicity that pediatric patients
may exhibit during hospitalization at a general second-
ary-level pediatric department—in order to secure
urgent specialized care for these patients.

There are, to the best of our knowledge, no similar
reports on this issue in a pediatric population.

We have previously published a study of possible
early risk factors of severe hepatotoxicity in a popula-
tion admitted to a specialized tertiary pediatric depart-
ment due to suicide attempt with acetaminophen.'®

We also previously published a study of the social
pediatric characteristics, trends, and risk factors in the
same group of patients.'’

Methods

Overview

This retrospective study was performed on 11- to
15-year-old patients admitted to the Department of
Pediatrics and Adolescent Medicine, Nordsjellands
Hospital, Denmark, because of suicide attempts with
acetaminophen, during the period from January 2006 to
July 2011. A computer search of ICD10 diagnoses at
discharge (DT39, DT390, DT398, and DT398A) identi-
fied the relevant medical records.

All data were collected from medical records, includ-
ing standard questions concerning acetaminophen
intake, number of episodes of vomiting, time of intake,
and so on.

At the time of this study, the Danish NAC regime was
weight-guided, with a minimum duration of 36 hours, if
the estimated intake was greater than 125 mg/kg'®—
without respect to the ingested dose, symptoms, or post-
absorptive s-acetaminophen levels. Truncated periods of
treatment were based on repeated evaluations of the
coagulation status (international normalized ratio [INR])
and the levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST).

Inclusion Criteria

Children, aged 10 to 15 years, admitted to the Department
of Pediatrics and Adolescent Medicine, Nordsjallands
Hospital, Denmark, because of suicide attempt by means
of acetaminophen were included. The patients were only
included if they had answered all the standard questions.
We only included those patients whose parents, at time
of admission, were able to confirm the ingested dose of
acetaminophen.

Exclusion Criteria

Patients with known liver disease prior to their suicide
attempt were excluded. Patients taking medication that
enhance the induction of the cytochrome P450 system,
increase the production of toxic metabolites, or aggra-
vate the hepatotoxicity, such as ethanol, rifampin, iso-
niazid, barbiturates, and carbamazepine, were excluded.
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Figure 2. Episodes of prehospital vomiting versus maximum ALT, maximum AST, maximum GGT, and maximum INR.

If a patient had several suicide attempts during this
time period, only the first suicide attempt was
included.

During the study period, 177 patients fulfilling the
inclusion criteria were identified. Of these, 70 patients
were excluded because of insufficient medical records
(n = 24), insufficient biochemical parameter data (n =
30), or because of suicide attempts using agents other
than acetaminophen (n = 16). A total of 107 patients
were included in the final analysis.

To assess the prevalence of episodes of pre- and in-
hospital vomiting, 4 categories that were based on the
number of vomiting episodes were defined: 0, no vomit-
ing; 1, one episode of vomiting; 2, two episodes of vom-
iting; and 3, three or more episodes of vomiting. If the
patient or the parents were in any doubt about the num-
ber of episodes of prehospital vomiting, we registered
“no episodes of prehospital vomiting” to eliminate any
overestimation.

The initial and maximum levels of the following
biochemical parameters were registered from the elec-
tronic biochemistry files of each patient: y-glutamyl

transferase (GGT), basic phosphatase (BP), INR, ALT,
AST, and s-acetaminophen.

Illness prior to the suicide attempt was defined as any
type of'illness up to 48 hours prior to the suicide attempt,
including flu, colds, gastroenteritis, and tonsillitis.
Because of the limited number of ill patients, they could
not be subcategorized based on the different types of
illness.

Because of limited space, only significant results are
shown in the tables.

We have excluded one single outlier in Figures 2 and
4 to increase the legibility.

Statistical Analysis

Linear regression analyses were used to quantify the
strength of the relationship between continuous out-
comes (responses) and continuous risk factors, and cat-
egorical risk factors, to assess which levels of the
categorical risk factors had significant/insignificant
effects on the outcomes. To obtain a better fit, natural
logarithm transformation was used to transform the
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Table I. Acetaminophen Intake Versus Hepatologically Relevant Biochemical Parameters.

Acetaminophen Intake (g)*

Acetaminophen Intake (g/kg Bodyweight)®

Biochemical Parameters P Value Estimate (95% ClI) P Value Estimate (95% ClI)
Initial INR .0310 1.00 (1.0-1.01) .0360 1.29 (1.08-1.53)
Maximum INR .0037 1.01 (1.0-1.01) .0055 1.29 (1.08-1.53)
Maximum AST .0360 1.02 (1.0-1.03) .0190 1.56 (1.08-2.25)

Abbreviations: Cl, confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase.
*Each unit increase in acetaminophen increases the biochemical parameter by the given estimate (the estimate indicates the slope of the linear

model).

responses. All unstandardized coefficients from these
models were back-transformed to the natural scale. The
back-transformed differences between levels of categor-
ical variables are given as relative ratios. Furthermore,
the statistical relationship between binary outcomes and
explanatory variables was assessed by using logistic
regression. All models were statistically tested with o =
5%. The analyses were performed using SAS 9.2 and R
1386 2.15.2 software programs.

Results

Of the 107 patients included in the study, 7.5% were
boys (n = 8) and 92.5% were girls (n = 99). The mean
age was 13.5 years (range = 11-15 years). In total, 95%
received charcoal treatment (n = 101), and 99% received
NAC treatment (n = 106).

Of the 107 admitted patients, 104 patients with mild/
moderate hepatotoxicity were discharged with improved
liver function from a general secondary-level depart-
ment. Three patients with severe hepatotoxicity were
referred to a tertiary pediatric department, specialized in
children’s liver diseases, all with INR >1.5 and elevated
transaminase levels. None of the patients required
transplantation.

Acetaminophen Intake

All the medical records included self-reported infor-
mation on the dose intake. The mean intake of acet-
aminophen was 10.4 g (range = 2.5-45 2)/0.20 g/kg
(range = 0.02-0.9 g/kg). There was no difference
between genders (P = .1). Seven patients also con-
sumed ibuprofen (0.6-14.8 g); on its own, ibuprofen
had no influence on the outcomes. There was a signifi-
cant relationship between acetaminophen intake (g or
g/kg) and the following hepatologically relevant bio-
chemical parameters: INR initial (P =.0310), INR max
(P =.0037), and AST max (P = .0360; Table 1). When
comparing the acetaminophen (g or g/kg) intake and
biochemical parameters, adjusting for time before

initiation of NAC treatment, none of the relationships
remained significant.

Prehospital Vomiting

There was an incidence of prehospital vomiting of
26.2% in the population—12.2% only experienced 1 or
2 episodes of prehospital vomiting, and 14% experi-
enced 3 or more episodes of prehospital vomiting. There
was a significant relationship between the number of
episodes of prehospital vomiting and the total acetamin-
ophen intake, and for each unit acetaminophen intake
increase, the odds of prehospital vomiting was increased
by a factor of 1.13 (95% confidence interval [CI] = 1.04-
1.22; P=.0036). Bodyweight (body volume of distribu-
tion) had no influence on the number of episodes of
prehospital vomiting.

Several highly significant relationships were found
between the number of prehospital vomiting episodes
and the following relevant biochemical parameters:
GGT initial (P =.006), GGT max (P =.002), INR max
(P =.0190), AST initial (P = .0001), AST max (P <
.0001), and ALT max (P = .0014; see Table 2 and
Figure 2).

There was no significant relationship between the
number of episodes of prehospital vomiting and the
latency time before initiation of NAC treatment.

In-Hospital Vomiting

There was an incidence of in-hospital vomiting episodes
0f 40.2% in the population—15% only experienced 1 or
2 episodes of prehospital vomiting, and 25.2% experi-
enced 3 or more episodes of prehospital vomiting.
There was a significant relationship between the num-
ber of in-hospital vomiting episodes and the following
hepatologically relevant biochemical parameters: INR
max (P =.0122), AST max (P =.0144), ALT max (P =
.0072), and s-acetaminophen (P = .0055; Table 3).
There was also a significant relationship between
the number of in-hospital vomiting episodes and
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Table 2. Episodes of Prehospital Vomiting Versus Hepatologically Relevant Biochemical Parameters.

Biochemical Test Value P Value Unstandardized Coefficient (95% CI)*
Initial GGT .006
Prehospital vomiting 0 11.73 (10.56-13.03)
Prehospital vomiting | 9.95 (6.97-14.21)
Prehospital vomiting >3 16.51 (13.81-19.73)
Relative ratio between the groups >3/0 .003 1.40 (1.14-1.73)
Maximum GGT .002
Prehospital vomiting 0 12.08 (10.2-14.31)
Prehospital vomiting | 11 (4.89-24.77)
Prehospital vomiting >3 24.17 (17.78-32.85)
Relative ratio between the groups >3/0 .0006 1.99 (1.40-2.83)
Initial INR .1478
Prehospital vomiting 0 1.18 (1.14-1.23)
Prehospital vomiting | 1.23 (1.1-1.36)
Prehospital vomiting 2 1.27 (1.09-1.49)
Prehospital vomiting >3 1.31 (1.21-1.42)
Relative ratio between the groups >3/0 .0287 11T (1.01-1.21)
Maximum INR .0190
Prehospital vomiting 0 1.42 (1.38-1.47)
Prehospital vomiting | 1.48 (1.35-1.62)
Prehospital vomiting 2 1.42 (1.25-1.63)
Prehospital vomiting >3 1.61 (1.5-1.72)
Relative ratio between the groups >3/0 .0026 1.13 (1.04-1.22)
Initial AST .0001
Prehospital vomiting 0 19.2 (17.83-20.68)
Prehospital vomiting | 19.14 (15.49-23.64)
Prehospital vomiting 2 25.49 (18.56-35)
Prehospital vomiting >3 29.39 (24.95-34.62)
Relative ratio between the groups >3/0 <.0001 1.54 (1.28-1.85)
Maximum AST <.0001
Prehospital vomiting 0 20.17 (18.11-22.46)
Prehospital vomiting | 21.8 (16.08-29.56)
Prehospital vomiting 2 28.56 (18.09-45.09)
Prehospital vomiting >3 46.85 (37-59.31)
Relative ratio between the groups >3/0 <.0001 2.32 (1.77-3.03)
Initial ALT .0623
Prehospital vomiting 0 13.86 (11.29-17.02)
Prehospital vomiting | 24.49 (10.92-54.96)
Prehospital vomiting >3 22.46 (15.35-32.88)
Relative ratio between the groups >3/0 .0368 1.62 (1.04-2.50)
Maximum ALT .0014
Prehospital vomiting 0 14.49 (10.4-20.19)
Prehospital vomiting | 24.49 (6.92-86.68)
Prehospital vomiting >3 54.39 (30.91-95.71)
Relative ratio between the groups >3/0 .0004 3.74 (1.93-7.27)

Abbreviations: Cl, confidence interval; GGT, y-glutamyl transferase; INR, international normalized ratio; AST, aspartate aminotransferase; ALT,
alanine aminotransferase.

*The unstandardized coefficients are the back-transformed unstandardized coefficients from the linear regression model with the response log
(biochemical parameter). The difference between groups >3 and 0 indicates the relationship between the back-transformed coefficients for
(group =3/group 0), that is, the relative ratio of the 2 groups.

acetaminophen intake; for each unit acetaminophen increased by a factor of 1.07 (95% CI=1.01-1.15; P =
intake increase the odds of in-hospital vomiting .03). Bodyweight (body-volume of distribution) had no
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Table 3. Episodes of In-Hospital Vomiting Versus Hepatologically Relevant Biochemical Parameters.

Biochemical Test Values P Value Unstandardized Coefficients (95% CI)*
Maximum INR .0122
In-hospital vomiting 0 1.42 (1.37-1.47)
In-hospital vomiting | 1.35 (1.23-1.49)
In-hospital vomiting 2 1.52 (1.37-1.70)
In-hospital vomiting >3 1.56 (1.48-1.64)
Relative ratio between the groups >3/0 .0054 1.09 (1.03-1.17)
Initial AST
Relative ratio between the groups >3/0 1957 1.12 (0.95-1.32)
Maximum AST
Relative ratio between the groups >3/0 .0144 1.35 (1.064-1.71)
Maximum ALT .0072
In-hospital vomiting 0 14.79 (10.39-21.05)
In-hospital vomiting | 11.40 (3.12-41.7)
In-hospital vomiting 2 35.93 (12.46-103.56)
In-hospital vomiting >3 51.91 (28.17-95.65)
Relative ratio between the groups >3/0 .0010 3.53 (1.78-6.97)
s-Acetaminophen .0055
In-hospital vomiting 0 202.93 (145.4-283.22)
In-hospital vomiting | 298.97 (121.84-733.59)
In-hospital vomiting 2 929.65 (329.75-2620.9)
In-hospital vomiting >3 482.09 (295.76-785.82)
Relative ratio between the groups >3/0 .0049 2.39 (1.3-4.3)

Abbreviations: Cl, confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
*The unstandardized coefficients are the back-transformed unstandardized coefficients from the linear regression model with the response log
(biochemical parameter). The difference between groups >3 and 0 indicates the relationship between the back-transformed coefficients for

(group 2>3/group 0), that is, the relative ratio of the 2 groups.

influence on the number of episodes of in-hospital
vomiting.

Latency Time Before Initiation of NAC
Treatment

The majority of the patients (70%) were admitted within
the first 6 hours after acetaminophen intake (n = 74). There
were highly significant relationships between the latency
time before initiation of NAC treatment and the following
hepatologically relevant biochemical parameters: GGT
max (P < .001), INR max (P = .001), AST initial (P =
.001), AST max (P <.00001), ALT initial (P =.0009), and
ALT max (P =.0021; see Table 4 and Figure 3).

lliness/No lliness Prior to the Suicide Attempts

Overall, 10% of the patients reported illness up to 48
hours prior to their suicide attempts (n = 11). There was
no difference in the mean intake between the 2 groups,
which was 10.01 g in the group with no illness prior to
intake and 11.29 g in the group with illness prior to
intake. There were significant relationships between ill-
ness prior to acetaminophen intake and the following

biochemical parameters: INR initial (P = .0453), INR
max (P =.0130), AST max (P =.0154), and ALT max
(P =.0122; see Table 5 and Figure 4).

Discussion

The present study shows that it is possible, at an early
stage of admission, to predict subsequently elevated lev-
els of, for example, transaminases, INR, and other hepa-
tologically relevant biochemical parameters. We found
that especially episodes of prehospital vomiting, but also
episodes of in-hospital vomiting, latency time before ini-
tiation of NAC treatment, and illness prior to a suicide
attempt, by means of acetaminophen, could be important
early clinical risk factors of underlying evolving moder-
ate/severe hepatotoxicity in a pediatric population.
James et al found that the best low-risk predictors of
acetaminophen-induced hepatotoxicity were normal val-
ues of prothrombin, AST, and ALT within 48 hours of
ingestion.'” They conclude that all patients with acet-
aminophen poisoning should be observed for 48 hours to
identify possible hepatotoxicity. We believe that our
results demonstrate the identification of several parame-
ters that significantly were able to predict moderate/
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Table 4. Latency Time Before Initiation of NAC Treatment Versus Hepatologically Relevant Biochemical Parameters.

Biochemical Test Values P Value Unstandardized Coefficients (95% CI)*

Maximum GGT <.0001

Hours before NAC 0-3
Hours before NAC 3-6
Hours before NAC 6-9
Hours before NAC 9-12
Hours before NAC 12-15
Hours before NAC 15-18
Hours before NAC 18-21
Hours before NAC >24

Hours before NAC 0-3
Hours before NAC 3-6
Hours before NAC 6-9
Hours before NAC 9-12
Hours before NAC 12-15
Hours before NAC 15-18
Hours before NAC 18-21
Hours before NAC >24

10.60 (8.39-13.40)
13.30 (11.36-15.58)
14.05 (10.38-19.00)
11.89 (8.79-16.08)
16.35 (12.08-22.11)
20.49 (14.15-29.67)

10.2 (7.04-14.77)
125 (74.06-210.98)

Maximum INR .001
Hours before NAC 0-3 1.18 (1.08-1.29)
Hours before NAC 3-6 1.44 (1.39-1.49)
Hours before NAC 6-9 1.48 (1.41-1.56)
Hours before NAC 9-12 1.53 (1.42-1.65)
Hours before NAC 12-15 1.44 (1.29-1.61)
Hours before NAC 15-18 1.74 (1.47-2.07)
Hours before NAC 18-21 1.60 (1.39-1.84)
Hours before NAC >24 1.60 (1.42-1.81)
Initial AST .0001
Hours before NAC 0-3 17.93 (14.44-22.26)
Hours before NAC 3-6 19.75 (17.99-21.68)
Hours before NAC 6-9 19.40 (17.16-21.93)
Hours before NAC 9-12 20.55 (16.93-24.94)
Hours before NAC [2-15 27.28 (20.74-35.88)
Hours before NAC 15-18 45.57 (29.55-70.28)
Hours before NAC 18-21 19.85 (13.94-28.27)
Hours before NAC >24 37.68 (27.74-51.19)
Maximum AST <.00001
Hours before NAC 0-3 17.69 (12.77-24.5)
Hours before NAC 3-6 20.38 (17.87-23.24)
Hours before NAC 6-9 21.80 (18.35-25.90)
Hours before NAC 9-12 25.52 (19.43-33.51)
Hours before NAC 12-15 33.00 (22.45-48.51)
Hours before NAC 15-18 114.01 (62.00-209.65)
Hours before NAC 18-21 20.78 (12.64-34.17)
Hours before NAC >24 71.35 (46.38-109.76)
Initial ALT .0009
Hours before NAC 0-3 8.49 (4.37-16.46)
Hours before NAC 3-6 12.49 (10.07-15.48)
Hours before NAC 6-9 18.47 (13.73-24.84)
Hours before NAC 9-12 13.75 (7.09-26.66)
Hours before NAC 12-15 24.97 (15.63-39.89)
Hours before NAC 15-18 17.00 (6.66-43.38)
Hours before NAC 18-21 15.00 (5.88-38.28)
Hours before NAC >24 71.83 (37.04-139.32)
Maximum ALT .0021

8.49 (2.62-27.43)
13.68 (9.25-20.23)
18.99 (10.92-33.02)
30.24 (11.6-78.82)

47.00 (20.5-107.76)
184 (35.01-967.12)
15.00 (2.85-78.84)

161.93 (50.09-523.48)

Abbreviations: NAC, N-acetylcysteine; Cl, confidence interval; GGT, y-glutamyl transferase; INR, international normalized ratio; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.

*The unstandardized coefficients are the back-transformed unstandardized coefficients from the linear regression model with the response log (biochemical
parameter).
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Figure 3. Latency time before initiation of NAC treatment versus maximum ALT, maximum AST, maximum GGT, and

maximum INR.

severe hepatotoxicity at an earlier stage of admission. It is
of major importance that clinicians at general secondary-
level pediatric departments know and are aware of the
early risk factors of hepatotoxicity, in order to secure opti-
mal monitoring and referral of these patients to a special-
ized tertiary pediatric department. We have focused our
study on patients admitted to a general secondary-level
department, since the majority of patients are admitted,
treated, and discharged from such departments.

In our pediatric study, unlike several adult studies,”*
there was only a sparse relationship between the hepato-
logically relevant biochemical parameters and the
ingested amount of acetaminophen overdose. This find-
ing is in accordance with the results of the studies by
Mahadevan et al’' and James et al,'® who found no rela-
tionship between the median dose ingested and the
severity of the subsequent liver outcome. In a study of
25 pediatric patients with severe hepatotoxicity admit-
ted to a tertiary specialized department, we found no
relationship between any of the biochemical parameters
and the ingested amount of acetaminophen.'®

Our results show that an increased number of prehos-
pital vomiting episodes after an acetaminophen overdose
in a pediatric population that attempted suicide is an
important early clinical risk factor that indicates that

pediatric patients, who have been vomiting intensively,
should be observed more carefully. We found a highly
significant relationship between the number of episodes
of prehospital vomiting and the hepatologically relevant
biochemical parameters; the number of prehospital vom-
iting episodes increased as the biochemical parameters
became increasingly affected. In contrast, we did not find
a similar significant relationship between the amount of
acetaminophen ingested and the hepatologically relevant
biochemical parameters. In a study of pediatric patients
with severe hepatotoxicity due to acetaminophen poison-
ing, we likewise found similar highly significant rela-
tionships between the number of episodes of prehospital
vomiting and the relevant biochemical parameters.'® We
assume that a possible explanation of the lack of linear
dose-response relationship could be that patients who
develop severe hepatotoxicity or liver failure may have a
different expression of cytochrome P450 than the age-
adjusted background population, which results in higher
levels of the hepatotoxic-free NAPQI compound at lower
acetaminophen doses. Polymorphisms in genes encoding
the acetaminophen glucuronosyltransferase enzymes
have also recently been found in adults and have been
related to the risk of acetaminophen-induced liver
injury.” Because the expression of cytochrome P450 in
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Table 5. lliness Prior to the Suicide Attempt Versus Hepatologically Relevant Biochemical Parameters.

Biochemical Parameters P Value Unstandardized Coefficients (95% CI)®

Initial INR .0453
lliness prior to attempt (yes) 1.20 (1.16-1.23)
lliness prior to attempt (no) 1.33 (1.21-1.47)
Difference between illness and no illness prior to .11 (2.74-3.37)
attempt (relative ratio)

Maximum INR .0130
lliness prior to attempt (yes) 1.44 (1.40-1.48)
lliness prior to attempt (no) 1.61 (1.48-1.76)
Difference between illness and no illness prior to 1.12 (2.80-3.35)
attempt (relative ratio)

Maximum AST .0154
lliness prior to attempt (yes) 22.31 (19.96-24.93)
lliness prior to attempt (no) 34.03 (24.80-46.71)
Difference between illness and no illness prior to 1.53 (3.30-6.46)
attempt (relative ratio)

Maximum ALT .0122

lliness prior to attempt (yes)
lliness prior to attempt (no)

Difference between illness and no illness prior to
attempt (relative ratio)

17.36 (12.52-24.07)
54.55 (24.78-120.13)
3.14 (9.83-54.29)

Abbreviations: Cl, confidence interval; INR, international normalized ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
*The unstandardized coefficients are the back-transformed unstandardized coefficients from the linear regression model with the response log
(biochemical parameter). The difference between groups >3 and 0 indicates the relationship between the back-transformed coefficients for

(group =3/group 0), that is, the relative ratio of the 2 groups.
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Figure 4. lliness/absence of illness prior to the suicide attempt versus maximum ALT, maximum AST, maximum GGT, and

maximum INR.
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pediatric populations has not yet been established, the
age-adjusted activities in a pediatric population are not
understood as well as those in adults. The disparity in
morbidity between an adult and a pediatric population
could be explained by an age-associated difference in the
conjugation of acetaminophen metabolites.*® Moreover,
children have a larger hepatic cell mass and a greater
capacity for hepatic regeneration.” None of our patients
were candidates for liver transplantation, and only 3
patients required referral to a tertiary pediatric depart-
ment specialized in children’s liver diseases.

Rumack and Rosen® previously reported that the
incidence of vomiting in an adult population was 33.3%.
Additionally, Clark et al** found that the prevalence of
vomiting was 12.5% in all adult patients, whereas Zyoud
et al' found the prevalence to be 65%. These differences
in the prevalence of vomiting are likely due to different
registration methods, study populations, treatment proto-
cols, amounts of intake, and latency time before NAC
treatment. None of the studies distinguished prehospital
vomiting from in-hospital vomiting, and most did not
differentiate among the number of vomiting episodes.

In accordance with our findings, Zyoud et al found
that patients with a high frequency of vomiting tended to
have more affected hepatologically relevant biochemi-
cal parameters than patients with a low frequency of
vomiting.'"” However, in their study, only 64% of the
study population received NAC treatment compared
with 99% in our study population. Furthermore, they did
not distinguish between pre- and in-hospital vomiting.
Thus, episodes of in-hospital vomiting that were due to
the charcoal treatment were also included. In our study
population, 39.5% experienced in-hospital vomiting,
possibly partly due to the charcoal treatment. The degree
of in-hospital vomiting was significantly related to sev-
eral of the relevant biochemical parameters, although
the P values were higher than those associated with pre-
hospital vomiting. The identification of patients who
experience episodes of in-hospital vomiting due to an
underlying evolving hepatotoxicity and perhaps a pos-
sible distinct configuration of the cytochrome P450
genes is difficult, because many patients vomit due to
the emetogenic effect of the charcoal treatment. Thus,
prehospital vomiting appears to be a much more valid
clinical predictor than in-hospital vomiting.

Current pediatric NAC regimes are based on studies
of adults, and the importance of early initiation of NAC-
treatment in case of acetaminophen overdose has been
proved in several adult studies.'"'? Our study results
confirmed these finding in a pediatric population. There
was a highly significant relationship between the differ-
ent hepatologically relevant biochemical parameters and
the latency time before initiation of NAC treatment,

which is in line with the general concept that NAC treat-
ment should be initiated as early as possible in all
patients who have had an acetaminophen overdose.’?’
In Denmark, the gold standard for treating acetamino-
phen overdose is weight-adjusted charcoal treatment
followed by intravenous antidotal NAC. Several other
countries use an oral NAC treatment and the Rumack-
Matthews nomogram (eg, the United States), which,
unfortunately, makes it complicated to compare data and
effects of the different regimens.

Overall, 10% of our study population reported illness
in up to 48 hours before their suicide attempt. The
patients with illness prior to their suicide attempt had
significantly more affected transaminases and INR than
the group without illness prior to their suicide attempt,
even though they had ingested similar amounts of acet-
aminophen. Whether a viral infection or possible inges-
tions of therapeutic doses of acetaminophen on their
own, or perhaps synergistically, lower the threshold for
hepatotoxicity remains unclear.'*'> A recent animal
study has shown that concomitant viral infections or
fasting could potentially aggravate the hepatic toxically
effects.'® We assume that patients suffering from illness
may have consumed acetaminophen in therapeutic
doses, which could have reduced their glutathione levels
or marginally elevated their liver enzymes, leaving the
patient more vulnerable to an overdose of acetamino-
phen. There may possibly be a synergistic effect between
the number of days with acetaminophen being used at
therapeutic doses resulting in depleted glutathione lev-
els and a subsequent acetaminophen overdose. This pos-
sible relationship could not be established in the present
study due to its retrospective design but is a part of a
large prospective study that was initiated in 2012.

Conclusion

In conclusion, we found a highly significant relationship
between the degree of prehospital vomiting and elevated
hepatologically relevant biochemical parameters. In
contrast, there was only a sparse relationship between
acetaminophen intake and these biochemical parame-
ters. Our findings indicate that the number of episodes
of prehospital vomiting is a much more sensitive risk
factor of moderate/severe hepatotoxicity than the
amount of acetaminophen ingested. The latency time
before the initiation of NAC treatment was significantly
related to higher transaminase levels and lower coagula-
tion levels, as observed in studies of adults. Patients suf-
fering from illness prior to their suicide attempt had
significantly more affected hepatologically relevant bio-
chemical parameters than did patients not suffering from
illness prior to their suicide attempt.



Hedeland et al

To the best of our knowledge, this study is the first to
describe these potential early risk factors of moderate/
severe hepatotoxicity in a pediatric population. These
clinical and biochemical risk factors may enable the
optimization of treatment, thereby reducing the number
of pediatric patients with hepatic sequelae.

Future large longitudinal studies are needed to vali-
date the early risk factors of hepatotoxicity and establish
the risk factors found in our study, including studies of
pediatric patients with fulminant liver failure. Such a
study is part of The Danish Pediatric Acetaminophen
Database, which began in 2012.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial
support for the research, authorship, and/or publication of
this article: This study received financial support from
Nordsjellands Hospital.

References

1. Squires RH Jr, Shneider BL, Bucuvalas J, et al. Acute liver
failure in children: the first 348 patients in the pediatric acute
liver failure study group. J Pediatr. 2006;148:652-658.

2. Center for Suicide Research, Odense, Denmark. http://
www.selvmordsforskning.dk/Web/English. Accessed
September 15, 2014.

3. Myers RP, Shaheen AA, Li B, Dean S, Quan H. Impact
of liver disease, alcohol abuse, and unintentional inges-
tions on the outcomes of acetaminophen overdose. Clin
Gastroenterol Hepatol. 2008;6:918-925.

4. Rumack BH. Acetaminophen overdose in children and
adolescents. Pediatr Clin North Am. 1986;33:691-701.

5. Rumack BH, Matthew H. Acetaminophen poisoning and
toxicity. Pediatrics. 1975;55:871-876.

6. Miller RP, Roberts RJ, Fischer LJ. Acetaminophen elimi-
nation Kkinetics in neonates, children, and adults. Clin
Pharmacol Ther. 1976;19:284-294.

7. Schmidt LE, Dalhoff K, Poulsen HE. Acute versus chronic
alcohol consumption in acetaminophen-induced hepatoto-
xicity. Hepatology. 2002;35:876-882.

8. Gyamlani GG, Parikh CR. Acetaminophen toxicity: sui-
cidal vs. accidental. Crit Care. 2002;6:155-159.

9. Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH.
Efficacy of oral N-acetylcysteine in the treatment of acet-
aminophen overdose. Analysis of the national multicenter
study (1976 to 1985). N Engl J Med. 1988;319:1557-1562.

10. Zyoud SH, Awang R, Sulaiman SA, Al-Jabi SW.
Assessing the impact of vomiting episodes on outcome
after acetaminophen poisoning. Basic Clin Pharmacol
Toxicol. 2010;107:887-892.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Zyoud SH, Awang R, Sulaiman SA, Al-Jabi SW.
Association between gastrointestinal manifestations fol-
lowing acetaminophen poisoning and outcome in 291
acetaminophen poisoning patients. Pharmacoepidemiol
Drug Saf. 2010;19:511-517.

Vale JA, Meredith TJ, Crome P, et al. Intravenous
N-acetylcysteine: the treatment of choice in paracetamol
poisoning? Br Med J. 1979;2:1435-1436.

Uehara T, Kosyk O, Jeannot E, et al. Acetaminophen-
induced acute liver injury in HCV transgenic mice.
Toxicol Appl Pharmacol. 2013;266:224-232.
Rivera-Penera T, Gugig R, Davis J, et al. Outcome of acet-
aminophen overdose in pediatric patients and factors con-
tributing to hepatotoxicity. J Pediatr. 1997;130:300-304.
Alonso EM, Sokol RJ, Hart J, Tyson RW, Narkewicz MR,
Whitington PF. Fulminant hepatitis associated with cen-
trilobular hepatic necrosis in young children. J Pediatr.
1995;127:888-894.

Hedeland RL, Andersen J, Askbo N, Iskandar A, Jergensen
MH. Early predictors of severe acetaminophen-induced
hepatotoxicity in a paediatric population referred to a ter-
tiary paediatric department [published online August 15,
2014]. Acta Paediatr. doi:10.1111/apa.12740.

Hedeland RL, Jorgensen MH, Teilmann G, et al. Childhood
suicide attempts with acetaminophen in Denmark: charac-
teristics, social behaviour, trends and risk factors. Scand J
Public Health. 2013;41:240-246.

Clemmesen JO, Ott P, Dalhoff KP, Astrup LB, Tage-
Jensen U, Poulsen HE. Recommendations for treatment
of paracetamol poisoning. Danish Medical Society, Study
of the Liver. Ugeskr Laeger. 1996;158:6892-6895.

James LP, Wells E, Beard RH, Farrar HC. Predictors of
outcome after acetaminophen poisoning in children and
adolescents. J Pediatr. 2002;140:522-526.

Remien CH, Adler FR, Waddoups L, Box TD, Sussman
NL. Mathematical modeling of liver injury and dysfunc-
tion after acetaminophen overdose: early discrimination
between survival and death. Hepatology. 2012;56:727-
734.

Mahadevan SB, McKiernan PJ, Davies P, Kelly DA.
Paracetamol induced hepatotoxicity. Arch Dis Child.
2006;91:598-603.

Court MH, Freytsis M, Wang X, et al. The UDP-
glucuronosyltransferase  (UGT) 1A  polymorphism
¢.2042C>G (rs8330) is associated with increased human
liver acetaminophen glucuronidation, increased UGTIA
exon 5a/5b splice variant mRNA ratio, and decreased risk
of unintentional acetaminophen-induced acute liver fail-
ure. J Pharmacol Exp Ther. 2013;345:297-307.

Rumack BH, Rosen P. Emesis: safe and effective. Ann
Emerg Med. 1981;10:551.

Clark RF, Chen R, Williams SR, Johnson CL, Harchelroad
F. The use of ondansetron in the treatment of nausea and
vomiting associated with acetaminophen poisoning. J
Toxicol Clin Toxicol. 1996;34:163-167.

Rumack BH, Bateman DN. Acetaminophen and acetyl-
cysteine dose and duration: past, present and future. Clin
Toxicol (Phila). 2012;50:91-98.



