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Abstract

Background: There is an overall paucity of data regarding the outcomes of patients with acetaminophen-associated
toxic hepatitis in Taiwan. Therefore, the purpose of this study was to recruit a larger number of patients and to
examine the clinical features, the degrees of toxic hepatitis, the physiological markers, and the clinical outcomes after
intentional acetaminophen poisoning, and to determine what association, if any, might exist between these findings.

Methods: We examined the medical records of 187 patients with intentional acetaminophen poisoning who were
examined at Chang Gung Memorial Hospital between 2000 and 2011. Patients were categorized into 2 groups
according to hepatic complications, i.e. with (n = 15) or without (n = 172) toxic hepatitis. Demographic, clinical, and
laboratory data were collected, and the mortality rate was analyzed.

Results: It was found that patients with toxic hepatitis had higher serum acetaminophen level (P = 0.007), but they
also arrived to the hospital later (P < 0.001) than patients without toxic hepatitis. Furthermore, patients with toxic
hepatitis showed higher incidences of acute respiratory failure (P = 0.012) than those shown by patients who did not
have hepatitis. The laboratory examinations also revealed greater degrees of granulocytosis (P < 0.001) and poorer liver
function tests (P < 0.001) in patients with hepatitis than in patients without hepatitis. Nevertheless, a univariate logistic
regression model failed to identify any significant risk factors for toxic hepatitis complication after ingestion (P > 0.05).
At the end of the analysis, 1 patient with toxic hepatitis died of liver failure. Finally, there was no significant difference
in mortality between patients with and without hepatitis (P = 0.080).

Conclusion: The analytical data revealed that toxic hepatitis was not uncommon (15/187 or 8.0%) after acetaminophen
overdose. Further studies are warranted.
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Introduction
Acetaminophen is one of the best-selling analgesics in
Taiwan and one of the most popular drugs in the world.
Although it is safe at therapeutic doses, overdoses of
acetaminophen can cause severe liver injury. Although
the first case of acetaminophen-related hepatic necrosis
due to overdose was documented in 1966 (Davidson and

Eastham, 1966), it is still the leading agent of liver failure
due to poisoning (Lee, 2004).
Acetaminophen is ingested orally. The daily maximum

dose is 4 g for an adult and 80 mg/kg for a child. After
ingestion, the concentration peaks around 2 h. Dosages
that induce toxic hepatitis are greater than 12 g per day
in adults and 250 mg/kg over 24 h in children (Makin et al.,
1995). After ingestion, around 90% of the acetaminophen
is metabolized to sulfate and glucuronide, which is conju-
gated in the liver and then excreted into the urine. Eight
percent of the remaining acetaminophen is metabolized by
cytochrome p450 into the more toxic form of N-acetyl-p-
benzoquinoneimine (NAPQI) when the glutathione (GSH)
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is depleted (Bessems and Vermeulen, 2001). NAPQI then
binds to the cysteine group in the hepatocyte, and oxida-
tive injury and hepatocellular centrilobular necrosis is then
induced (Jollow et al., 1973). However, N-acetylcysteine
limits the toxicity of acetaminophen by increasing the GSH
stores, binding with NAPQI as a substitute for GSH, and
enhancing sulfate conjugation (Lee, 2004).
There is an overall paucity of data regarding the out-

comes of patients with acetaminophen poisoning in
Taiwan. In the only original research study, Tsai et al.
(Tsai et al., 2004) have reported that age and the time to
presentation were the independent risk factors for
hepatotoxicity (P = 0.033 and P = 0.002, respectively)
after acetaminophen intoxication. However, due to their
low sample size, the certainty of the conclusions may be
limited.
Therefore, the purpose of this study was to recruit a

larger number of patients and to examine the clinical
features, the degrees of toxic hepatitis, the physiological
markers, and the clinical outcomes after intentional
acetaminophen poisoning, and to determine what associ-
ation, if any, might exist between these findings.

Materials and methods
Ethics statement
This retrospective observational study complied with the
guidelines of the Declaration of Helsinki and was
approved by the Medical Ethics Committee of Chang
Gung Memorial Hospital, which is a tertiary referral
center located in the northern part of Taiwan. Because
this study involved a retrospective review of existing
data, the Institutional Review Board approval was ob-
tained, but specific informed consents were not obtained
from the patients. However, informed consents of the
risks of acute acetaminophen poisoning and all treat-
ment modalities were obtained from all patients upon
their initial admission. In addition, all individual infor-
mation was securely protected by delinking identifying
information from the main data set and available to
investigators only. Furthermore, all of the data were
analyzed anonymously. The Institutional Review Board
of Chang Gung Memorial Hospital specifically waived
the need for consent. Finally, all primary data were
collected according to the Strengthening the Reporting
of Observational Studies in Epidemiology guideline. The
policy was based on previous publication (Liu et al., 2012;
Chen et al., 2013, Yu et al., 2013).

Patients
We examined the records of 187 patients with intentional
acetaminophen poisoning who were examined at Chang
Gung Memorial Hospital between 2000 and 2011.
Demographic, clinical, and laboratory data were collected,
and the mortality rate was analyzed. The diagnoses of

acetaminophen intoxication were based on clinical,
physical and laboratory examinations, and confirmed by
plasma acetaminophen levels (fluorescence polarization
immunoassay).

Inclusion and exclusion criteria
All patients who were older than 18 years of age and
who were diagnosed with acetaminophen poisoning at
Chang Gung Memorial Hospital between 2000 and 2011
were eligible for inclusion in this study. Patients were
excluded if they were younger than 18 years or did not
have detectable acetaminophen levels in the blood
despite a positive history of ingestion or if they had
major systemic comorbidities, such as cancer or heart,
lung, renal, or liver diseases.

Detoxification protocol
The protocols that were used to treat patients included
gastric lavage with large amounts of normal saline,
which was followed by the infusion of 1 g/kg activated
charcoal and 250 mL magnesium citrate through a naso-
gastric tube. Magnesium citrate was used to prevent
constipation after the charcoal administration. The use
of the N-acetylcysteine antidote was determined with
toxicity estimations from the Rumack-Matthew nomo-
gram for single acute acetaminophen overdose/ingestion
(Wolf et al., 2007).

Definitions of clinical events
Acetaminophen related toxic hepatitis was diagnosed if
the alanine aminotransferase (ALT) increase was more
than 1000 U/L (McClain et al., 1999; Vale and Proudfoot,
1995; Ayonrinde et al., 2005). Hepatitis B virus carrier was
defined as positive hepatitis B surface antigen in the blood
of more than 6 months. Acute renal failure was defined as
serum creatinine levels over 1.3 mg/dL (Weng et al.,
2012). Acute respiratory failure has been defined as a
condition of respiratory insufficiency requiring intubation
and mechanical ventilation for more than 24 h, regardless
of the fraction of inspired oxygen (Luhr et al., 1999).

Statistical analysis
The continuous variables are expressed as means and
standard deviations, and categorical variables are
expressed as numbers with percentages in brackets. All
data were tested for the normality of distribution and
the equality of standard deviations before the analysis.
For comparisons between patient groups, we used
Student’s t-tests for the quantitative variables and Chi-
square or Fisher’s exact tests for the categorical variables.
An initial univariate Cox regression analysis was per-
formed in order to compare the frequencies of the pos-
sible risk factors that were associated with toxic hepatitis
complication. In order to control for possible confounding
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factors, a multivariate Cox regression analysis (stepwise
backward approach) was performed in order to analyze
those factors that were significant in the univariate models
(P < 0.05) and that met the assumptions of a proportional
hazard model. We considered the results that rejected the
null hypothesis with 95% confidence to be significant. All
analyses were performed with the IBM SPSS Statistics
Version 20 software program (IBM Corporation, Armonk,
NY, USA).

Results
Table 1 outlines the baseline characteristics of the 187
patients with acetaminophen poisoning who were
grouped according to hepatitis complications. It was
found that patients with toxic hepatitis had higher serum
acetaminophen level (P = 0.007) and they also arrived to
the hospital later (P < 0.001) than patients without toxic
hepatitis. Notably, the prevalence of hepatitis B virus
carrier was also higher in patients with than patients
without toxic hepatitis (P < 0.001).
As shown in Table 2, patients with toxic hepatitis

showed higher incidences of acute respiratory failure
(P = 0.012) than those shown by the patients who did
not have hepatitis. The laboratory examinations revealed
greater degrees of granulocytosis (P < 0.001) and poorer
liver function tests (P < 0.001) in patients with hepatitis
than in patients without hepatitis (Table 3).
Table 4 shows that most patients were treated aggres-

sively with gastric lavage, which was followed by an
infusion of activated charcoal and magnesium citrate.

In addition, most patients were treated with the N-
acetylcysteine antidote. Nevertheless, patients with
toxic hepatitis received lesser proportion of gastric
lavage and active charcoal than patients without toxic
hepatitis (P = 0.002).
At the end of the analysis, 1 patient with toxic

hepatitis died of liver failure (Table 4). Nevertheless,
there was no significant difference in mortality between
patients with and without hepatitis (P = 0.051).
Finally, a univariate logistic regression analysis failed

to identify any significant risk factors for toxic hepatitis
complication after ingestion (Table 5).

Discussion
Acetaminophen is a well-known agent that causes dose-
dependent toxic hepatitis. It was revealed in this study
that although patients with toxic hepatitis suffered
higher serum acetaminophen levels than patients
without toxic hepatitis, a univariate logistic regression
analysis failed to identify serum acetaminophen level as
a significant risk factor for toxic hepatitis complication
after ingestion, possibly due to small sample size and
short follow up duration (Table 5). Theoretically, the
toxic metabolite NAPQI is formed by cytochrome p450
and then detoxified by conjugating with GSH (Nelson,
1990), and oversaturated NAPQI makes the hepatocytes
more vulnerable to injury (Potter et al., 1973). Neverthe-
less, the amount of acetaminophen in patients without
toxic hepatitis in was 36.5 ± 25.1 tablets (or 17.8 ±
12.6 g), which was much higher than 4 g, the maximum

Table 1 Baseline characteristics of patients with acetaminophen poisoning (N = 187)

Variable Total (N = 187) No toxic hepatitis (N = 172) Toxic hepatitis (N = 15) P

Serum acetaminophen (μg/mL) 57.6 ± 60.3 114.4 ± 98.6 238.1 ± 300.0 0.007**

Acetaminophen amount (tablet, 500 mg per tablet) 37.1 ± 25.2 36.5 ± 25.1 44.2 ± 27.0 0.973

Age (years) 28.9 ± 12.1 29.0 ± 12.4 28.4 ± 8.3 0.550

Male, n (%) 35 (18.7) 31 (18.0) 4 (26.6) 0.300

Time elapsed between acetaminophen ingestion and
hospital arrival (hour)

6.2 ± 6.0 5.4 ± 4.1 16.1 ± 13.5 <0.001***

Hepatitis B virus carrier, n (%) 10 (5.3) 6 (3.5) 4 (26.6) <0.001***

Alcohol consumption, n (%) 35 (18.7) 32 (18.6) 3 (20.0) 0.599

Smoking habit, n (%) 29 (15.5) 26 (15.1) 3 (20.0) 0.420

Hypertension, n (%) 6 (3.3) 5 (2.9) 1 (6.7) 0.399

Diabetes mellitus, n (%) 3 (1.6) 3 (1.7) 0 (0) 0.777

Malignancy, n (%) 3 (1.6) 3 (1.7) 0 (0) 0.777

Depressive disorder, n (%) 125 (66.8) 114 (66.2) 11 (73.3) 0.404

Amphetamine abuse, n (%) 1 (0.5) 1 (0.7) 0 (0) 0.607

Ketamine abuse, n (%) 2 (1.1) 1 (0.7) 0 (0) 0.308

Heroin abuse, n (%) 0 (0) 0 (0) 0 (0) 1.000

Use of benzodiazepine hypnotics, n (%) 40 (21.4) 38 (22.1) 2 (13.3) 0.338

Note: **P < 0.01, ***P < 0.001.
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recommended dose for adult (Table 1). Mitochondria
injury may be the major determinant for this because
previous animal studies have demonstrated that NADQI
binds to mitochondria and leads to oxidative stress
(Jaeschke, 1990). NADQI induced mitochondria per-
meability transition pore opening and mitochondrial
permeability changes (Bajt et al., 2006). Endonuclease G
and the apoptosis-inducing factor are released by mito-
chondria, and DNA fragmentation occurs with the release
of these enzymes (Kon et al., 2004). Although oversatura-
tion is the major mechanism in acetaminophen-related
toxic hepatitis, mitochondria-related cytotoxic damage
may be the reason for the heterogeneity of the phenotypes
after the ingestion of large amounts of acetaminophen.
In this study, 1 patient with toxic hepatitis died of liver

failure, and the overall mortality rate was 0.5% (Table 4).
Evidently, the favorable outcomes depended on a prompt
diagnosis of acetaminophen poisoning and the immedi-
ate institution of detoxification protocols. In US reports
on acetaminophen-related acute hepatitis and liver fail-
ure, the mortality rate has been reported to be around
19–30% (Lee, 2008; Schiodt et al., 1997). Larson et al.
(Larson et al., 2005) have reported that 27% of US
patients with acetaminophen-induced acute liver failure
died in 3 weeks. Therefore, our mortality rate was much
lower than the data from the US Poison Centers. In
terms of metabolism (Patel et al., 1992), acetaminophen
is extensively conjugated with glucuronic acid and
sulfate prior to renal excretion. A minor metabolic route
involves the microsomal oxidation of acetaminophen
to a hepatotoxic reactive intermediate, which subse-
quently undergoes GSH conjugation, yielding cysteine

and mercapturate conjugates, both of which are ex-
creted in the urine. In a previous pharmacogenetic
study (Patel et al., 1992), it has been reported that
the mean fractional excretion of cysteine metabolites
differed between Caucasians and Orientals (P < 0.005).
Therefore, it is unclear whether the low mortality rate
in our study can be explained by ethnic differences
in enzymatic metabolism between Orientals and
Caucasian.
The prevalence of hepatitis B virus carrier in Taiwan is

around 15–20%, which is higher than in the Europe or
US (Ott et al., 2012; Lee et al., 2013). The percentage of
the hepatitis B virus carrier in our study was 5.3%
(Table 1), which was much lower than national Taiwanese
registry (Lee et al., 2013). Nevertheless, the prevalence of
hepatitis B virus carrier was higher in patients with than
patients without toxic hepatitis (Table 1). Although the
presence of hepatitis B carrier was not longer a significant
predictor for toxic hepatitis after logistic regression
analysis (Table 5), it was the authors’ thought that the viral
carrier status might make hepatocytes more vulnerable to
toxic injury. Literature data on the influence of acetami-
nophen intake on acute viral hepatitis is scarce. It was dis-
closed in a small clinical study (Yaghi et al., 2006) that the
use of acetaminophen at therapeutic doses was associated
with greater alterations of surrogate markers of the sever-
ity of acute viral hepatitis. On the other hand, susceptibil-
ity to acetaminophen toxicity was unexpectedly decreased
during acute viral hepatitis in mice (Getachew et al.,
2010). Therefore, further studies should be considered to
confirm if infected hepatocytes are more vulnerable to
acetaminophen toxicity.

Table 2 Clinical manifestations of patients with acetaminophen poisoning (N = 187)

Variable Total (N = 187) No toxic hepatitis (N = 172) Toxic hepatitis (N = 15) P value

Vital signs

Systolic blood pressure (mmHg) 120.8 ± 18.8 120.1 ± 17.8 127.9 ± 26.1 0.008**

Diastolic blood pressure (mmHg) 72.6 ± 13.3 72.3 ± 13.0 75.9 ± 16.0 0.301

Heart rate (beat per minute) 82.1 ± 16.4 81.9 ± 16.1 83.4 ± 20.0 0.494

Body temperature (°C) 36.8 ± 4.4 36.8 ± 4.6 36.9 ± 0.84 0.718

Urinary system

Acute renal failure, n (%) 0 (0) 0 (0) 0 (0) 1.000

Gastrointestinal system

Nausea and vomiting, n (%) 81 (43.3) 71 (41.2) 10 (66.6) 0.052

Neurologic system

Conscious disturbance, n (%) 41 (21.9) 38 (22.0) 3 (20.0) 0.575

Headache, n (%) 8 (4.3) 7 (4.1) 1 (5.1) 0.768

Seizure, n (%) 2 (1.1) 1 (0.01) 1 (5.1) 0.154

Respiratory system

Acute respiratory failure, n (%) 7 (3.7) 4 (2.3) 3 (20.0) 0.012*

Note: *P < 0.05, **P < 0.01.
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It was revealed in this study that the onset of toxic
hepatitis was within hours after acetaminophen exposure
(Table 3), which was in sharp contrast to our previous
experience with paraquat-induced toxic hepatitis (Yang
et al., 2012). In paraquat patients, the symptoms of toxic
hepatitis usually developed within 6.7 ± 6.3 days of
exposure, peaked at 9.5 ± 8.8 days, and were resolved in
17.3 ± 9.8 days. It was hypothesized by Mullick et al.

(Mullick et al., 1981) that paraquat injury to the liver is
biphasic; it is initially hepatocellular but becomes cho-
langiocellular after the first 2 days. However, only
hepatocellular damage mechanisms have been implicated
following acetaminophen intoxication (Larson, 2007).

Table 4 Treatment and outcome of patients with
acetaminophen poisoning (N = 187)

Variable Total
(N = 187)

No toxic
hepatitis
(N = 172)

Toxic
hepatitis
(N = 15)

P value

Gastric lavage, n (%) 122 (65.2) 118 (68.6) 4 (26.7) 0.002**

Active charcoal and
magnesium citrate, n (%)

122 (65.2) 118 (68.6) 4 (26.7) 0.002**

N-acetylcysteine, n (%) 147 (78.6) 133 (77.3) 14 (93.3) 0.212

Mortality, n (%) 1 (0.5) 0 (0) 1 (6.7) 0.080

Note: **P < 0.01.

Table 3 Laboratory data of patients with acetaminophen poisoning (N = 187)

Variable Total (N = 187) No toxic hepatitis (N = 172) Toxic hepatitis (N = 15) P value

First day (arrival)

Hemoglobin (g/dL) 13.4 ± 1.5 13.4 ± 1.5 13.6 ± 1.3 0.589

Neutrophils (/μL) 9078.7 ± 4077.6 8747.5 ± 3271.6 10305.4 ± 6123.8 <0.001***

Platelet (103/μL) 246.3 ± 68.9 250.9 ± 61.9 196.5 ± 111.7 0.006

Urea nitrogen (mg/dL) 8.8 ± 4.5 8.9 ± 4.6 7.6 ± 3.4 0.542

Creatinine (mg/dL) 0.8 ± 0.2 0.7 ± 0.2 0.8 ± 0.3 0.060

Sodium 140.1 ± 3.2 140.2 ± 3.2 139.1 ± 2.5 0.180

Potassium 3.6 ± 1.6 3.6 ± 1.7 3.3 ± 0.4 0.584

AST (U/L) 146.1 ± 1125.7 31.1 ± 34.4 1497.6 ± 3915.7 <0.001***

ALT (U/L) 75.4 ± 380.6 23.6 ± 31.9 720.7 ± 1264.8 <0.001***

Total bilirubin (mg/dL) 1.0 ± 0.5 0.9 ± 0.4 1.7 ± 1.0 <0.001***

Albumin (g/dL) 4.0 ± 0.7 4.1 ± 0.6 3.6 ± 0.7 0.588

Prothrombin time (INR, sec) 1.2 ± 0.4 1.1 ± 0.1 2.0 ± 0.9 0.000***

γ-glutamyl transferase (U/L) 75.6 ± 107.3 39.6 ± 61.5 290.1 ± 16.3 0.327

Alkaline phosphatase (U/L) 51.6 ± 19.2 47.7 ± 16.4 70.1 ± 21.9 0.433

Ammonia 81.0 ± 67.6 54.5 ± 29.6 137.6 ± 92.0 0.010

Second day

AST (U/L) 503.1 ± 2005.0 37.4 ± 75.9 3962.7 ± 4637.8 <0.001***

ALT (U/L) 377.0 ± 1254.8 47.1 ± 117.2 3148.5 ± 2532.4 <0.001***

Total bilirubin (mg/dL) 1.2 ± 1.3 0.9 ± 0.6 2.9 ± 2.4 <0.001***

Prothrombin time (INR, sec) 1.1 ± 0.1 2.4 ± 0.8 <0.001***

Fourth day

AST (U/L) 302.4 ± 931.7 35.5 ± 63.2 1575.4 ± 1791.3 <0.001***

ALT (U/L) 343.0 ± 1035.4 56.4 ± 126.4 2745.4 ± 1915.3 <0.001***

Total bilirubin (mg/dL) 0.9 ± 0.8 0.7 ± 0.5 1.8 ± 1.3 <0.001***

Prothrombin time (INR, sec) 1.1 ± 0.1 1.9 ± 0.8 <0.001***

Note: ***P < 0.001.

Table 5 Clinical predictors of toxic hepatitis after
acetaminophen poisoning (N = 187)

Variable Univariate logistic analysis

Odds
ratio

95% confidence
interval

P value

Serum acetaminophen level
(each increase of 1 μg/mL)

1.006 0.997-1.016 0.210

Acetaminophen amount
(each increase of 1 tablet)

1.039 0.984-1.096 0.169

Hepatitis B virus carrier (yes) 0.000 0.000-0.000 0.999

Time elapsed between
acetaminophen
ingestion and hospital arrival
(each increase of 1 hour)

1.260 0.241-9.438 0.660
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Therefore, it is unclear whether the faster onset of toxic
hepatitis in cases of acetaminophen poisoning can be
explained by different liver injury mechanisms.
In this study, patients with toxic hepatitis received

lesser proportion of gastric lavage and active charcoal
than patients without toxic hepatitis (Table 4). This
could be due to longer time elapse between acetamino-
phen ingestion and hospital arrival in patients with than
without toxic hepatitis (Table 1). Similarly, the time
elapse was not a significant risk factor for mortality after
logistic regression analysis (Table 5). In a study that was
conducted in Hong Kong (Chan et al., 1996), it was
found that the time that elapsed between acetaminophen
ingestion and treatment was the most important prog-
nostic factor for liver toxicity. However, the N-acetylcysteine
antidote was only used in 50% of the patients (Chan
et al., 1996), but the proportion of patients that
received N-acetylcysteine treatment was as high as
78.6% in our study (Table 4). Therefore, it is unclear
whether the difference in the use of the N-acetylcysteine
antidote could influence predictions of time elapses for
toxic hepatitis.
The analytical results showed that patients with

toxic hepatitis showed higher incidences of acute re-
spiratory failure than those shown by the patients
who did not have hepatitis (Table 2). The results of a
laboratory study (Ilic et al., 2010) have also indicated
that a high hepatotoxic dose of paracetamol (5 g per
kg intraperitoneally) produced hepatic encephalopathy
with generalized convulsions in rats. Hepatic coma by
liver failure may be possible cause inducing respira-
tory failure or high anion gap metabolic acidosis
(Mendoza et al., 2006).
In summary, the analytical data revealed that toxic

hepatitis was not uncommon (15/187 or 8.0%) after acet-
aminophen overdose. Nevertheless, this study failed to
identify any significant risk factors for mortality, possibly
due to low sample size and short follow up duration.
Further studies are warranted.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Y-CH carried out the study and drafted the manuscript. J-LL, W-HH, C-HW,
S-YL, C-WH, I-KW, C-CL, C-TC and W-RL participated in the design of the
study and performed the statistical analysis. THY conceived of the study,
and participated in its design and coordination and helped to draft the
manuscript. All authors read and approved the final manuscript.

Acknowledgement
Dr. THY was funded by research grants from the Chang Gung Memorial
Hospital (CMRG3C0771) and National Science Council of Taiwan
(NSC 102-2314-B-182 -044- and NSC101-2314-B-182A-102-MY2), respectively.

Author details
1Department of Nephrology and Division of Clinical Toxicology, Chang Gung
Memorial Hospital and Chang Gung University, Taipei, Taiwan. 2Department
of Nephrology, China Medical University Hospital and China Medical

University, Taichung, Taiwan. 3Department of Gastroenterology and
Hepatology, Chang Gung Memorial Hospital and Chang Gung University,
Taipei, Taiwan. 4Department of Nephrology, Chang Gung Memorial Hospital,
199 Tung Hwa North Road, Taipei 105, Taiwan.

Received: 21 July 2013 Accepted: 12 December 2013
Published: 17 December 2013

References
Ayonrinde OT, Phelps GJ, Hurley JC, Ayonrinde OA (2005) Paracetamol

overdose and hepatotoxicity at a regional Australian hospital:
a 4-year experience. Intern Med J 35(11):655–660, doi: 10.1111/j.1445-
5994.2005.00947.x

Bajt ML, Cover C, Lemasters JJ, Jaeschke H (2006) Nuclear translocation of
endonuclease G and apoptosis-inducing factor during acetaminophen-
induced liver cell injury. Toxicol Sci 94(1):217–225, doi: 10.1093/toxsci/kfl077

Bessems JG, Vermeulen NP (2001) Paracetamol (acetaminophen)-induced toxicity:
molecular and biochemical mechanisms, analogues and protective
approaches. Crit Rev Toxicol 31(1):55–138, doi: 10.1080/20014091111677

Chan TY, Chan AY, Critchley JA (1996) Factors responsible for continuing
morbidity after paracetamol poisoning in Chinese patients in Hong Kong.
Singapore Med J 37(3):275–277

Chen HH, Lin JL, Huang WH, Weng CH, Lee SY, Hsu CW, Chen KH, Wang IK, Liang
CC, Chang CT, Yen TH (2013) Spectrum of corrosive esophageal injury after
intentional paraquat or glyphosate-surfactant herbicide ingestion. Int J Gen
Med 6:677–683, doi: 10.2147/IJGM.S48273

Davidson DG, Eastham WN (1966) Acute liver necrosis following overdose of
paracetamol. Br Med J 2(5512):497–499

Getachew Y, James L, Lee WM, Thiele DL, Miller BC (2010) Susceptibility to
acetaminophen (APAP) toxicity unexpectedly is decreased during
acute viral hepatitis in mice. Biochem Pharmacol 79(9):1363–1371,
doi: 10.1016/j.bcp.2009.12.019

Ilic S, Drmic D, Zarkovic K, Kolenc D, Coric M, Brcic L, Klicek R, Radic B, Sever M,
Djuzel V, Ivica M, Boban Blagaic A, Zoricic Z, Anic T, Zoricic I, Djidic S, Romic
Z, Seiwerth S, Sikiric P (2010) High hepatotoxic dose of paracetamol
produces generalized convulsions and brain damage in rats. A counteraction
with the stable gastric pentadecapeptide BPC 157 (PL 14736). J Physiol
Pharmacol 61(2):241–250

Jaeschke H (1990) Glutathione disulfide formation and oxidant stress during
acetaminophen-induced hepatotoxicity in mice in vivo: the protective effect
of allopurinol. J Pharmacol Exp Ther 255(3):935–941

Jollow DJ, Mitchell JR, Potter WZ, Davis DC, Gillette JR, Brodie BB (1973)
Acetaminophen-induced hepatic necrosis. II. Role of covalent binding in vivo.
J Pharmacol Exp Ther 187(1):195–202

Kon K, Kim JS, Jaeschke H, Lemasters JJ (2004) Mitochondrial permeability
transition in acetaminophen-induced necrosis and apoptosis of cultured
mouse hepatocytes. Hepatology 40(5):1170–1179, doi: 10.1002/hep.20437

Larson AM (2007) Acetaminophen hepatotoxicity. Clin Liver Dis 11(3):525–548,
vi. doi: 10.1016/j.cld.2007.06.006

Larson AM, Polson J, Fontana RJ, Davern TJ, Lalani E, Hynan LS, Reisch JS, Schiodt
FV, Ostapowicz G, Shakil AO, Lee WM, Acute Liver Failure Study Group (2005)
Acetaminophen-induced acute liver failure: results of a United States
multicenter, prospective study. Hepatology 42(6):1364–1372,
doi:10.1002/hep.20948

Lee WM (2004) Acetaminophen and the U.S. Acute Liver Failure Study
Group: lowering the risks of hepatic failure. Hepatology 40(1):6–9,
doi: 10.1002/hep.20293

Lee WM (2008) Acetaminophen-related acute liver failure in the United States.
Hepatol Res 38(Suppl 1):S3–S8, doi: 10.1111/j.1872-034X.2008.00419.x

Lee CH, Hsieh SY, Lin JL, Liu MS, Yen TH (2013) Hepatocellular carcinoma
in patients with chronic kidney disease. World J Gastroenterol
19(16):2466–2472, doi: 10.3748/wjg.v19.i16.2466

Liu SH, Lin JL, Weng CH, Yang HY, Hsu CW, Chen KH, Huang WH, Yen TH (2012)
Heart rate-corrected QT interval helps predict mortality after intentional
organophosphate poisoning. PLoS One 7(5):e36576, doi: 10.1371/journal.
pone.0036576

Luhr OR, Antonsen K, Karlsson M, Aardal S, Thorsteinsson A, Frostell CG, Bonde J
(1999) Incidence and mortality after acute respiratory failure and acute
respiratory distress syndrome in Sweden, Denmark, and Iceland. The ARF
Study Group. Am J Respir Crit Care Med 159(6):1849–1861

Hou et al. SpringerPlus 2013, 2:674 Page 6 of 7
http://www.springerplus.com/content/2/1/674



Makin AJ, Wendon J, Williams R (1995) A 7-year experience of severe
acetaminophen-induced hepatotoxicity (1987–1993). Gastroenterology
109(6):1907–1916

McClain CJ, Price S, Barve S, Devalarja R, Shedlofsky S (1999) Acetaminophen
hepatotoxicity: an update. Curr Gastroenterol Rep 1(1):42–49

Mendoza CD, Heard K, Dart RC (2006) Coma, metabolic acidosis and normal liver
function in a child with a large serum acetaminophen level. Ann Emerg Med
48(5):637

Mullick FG, Ishak KG, Mahabir R, Stromeyer FW (1981) Hepatic injury associated
with paraquat toxicity in humans. Liver 1(3):209–221

Nelson SD (1990) Molecular mechanisms of the hepatotoxicity caused by
acetaminophen. Semin Liver Dis 10(4):267–278, doi: 10.1055/s-2008-1040482

Ott JJ, Stevens GA, Groeger J, Wiersma ST (2012) Global epidemiology of
hepatitis B virus infection: new estimates of age-specific HBsAg
seroprevalence and endemicity. Vaccine 30(12):2212–2219,
doi: 10.1016/j.vaccine.2011.12.116

Patel M, Tang BK, Kalow W (1992) Variability of acetaminophen metabolism in
Caucasians and Orientals. Pharmacogenetics 2(1):38–45

Potter WZ, Davis DC, Mitchell JR, Jollow DJ, Gillette JR, Brodie BB (1973)
Acetaminophen-induced hepatic necrosis. 3. Cytochrome P-450-mediated
covalent binding in vitro. J Pharmacol Exp Ther 187(1):203–210

Schiodt FV, Rochling FA, Casey DL, Lee WM (1997) Acetaminophen toxicity
in an urban county hospital. N Engl J Med 337(16):1112–1117,
doi: 10.1056/NEJM199710163371602

Tsai CL, Chang WT, Weng TI, Fang CC, Chen WJ (2004) Acute acetaminophen
intoxication in Taiwan: outcomes and risk factors. J Formos Med Assoc
103(11):830–835

Vale JA, Proudfoot AT (1995) Paracetamol (acetaminophen) poisoning. Lancet
346(8974):547–552

Weng CH, Hu CC, Lin JL, Lin-Tan DT, Huang WH, Hsu CW, Yen TH (2012)
Sequential organ failure assessment score can predict mortality in patients
with paraquat intoxication. PLoS One 7(12):e51743, doi: 10.1371/journal.
pone.0051743

Wolf SJ, Heard K, Sloan EP, Jagoda AS, American College of Emergency
Physicians (2007) Clinical policy: critical issues in the management of patients
presenting to the emergency department with acetaminophen overdose.
Ann Emerg Med 50(3):292–313, doi:10.1016/j.annemergmed.2007.06.014

Yaghi C, Honein K, Boujaoude J, Slim R, Moucari R, Sayegh R (2006) Influence of
acetaminophen at therapeutic doses on surrogate markers of severity of
acute viral hepatitis. Gastroenterol Clin Biol 30(5):763–768

Yang CJ, Lin JL, Lin-Tan DT, Weng CH, Hsu CW, Lee SY, Lee SH, Chang CM, Lin
WR, Yen TH (2012) Spectrum of toxic hepatitis following intentional
paraquat ingestion: analysis of 187 cases. Liver Int 32(9):1400–1406,
doi: 10.1111/j.1478-3231.2012.02829.x

Yu HY, Lin JL, Fu JF, Lin JH, Liu SH, Weng CH, Huang WH, Chen KH, Hsu CW,
Yen TH (2013) Outcomes of patients with rodenticide poisoning at a far east
poison center. SpringerPlus 2:505, doi: 10.1186/2193-1801-2-505

doi:10.1186/2193-1801-2-674
Cite this article as: Hou et al.: Outcomes of patients with
acetaminophen-associated toxic hepatitis at a far east poison center.
SpringerPlus 2013 2:674.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Hou et al. SpringerPlus 2013, 2:674 Page 7 of 7
http://www.springerplus.com/content/2/1/674


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Ethics statement
	Patients
	Inclusion and exclusion criteria
	Detoxification protocol
	Definitions of clinical events
	Statistical analysis

	Results
	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References

