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Background: Acetaminophen is a dose-dependent toxin. Prognosis in
severe acute liver injury is related presumably in part to the dose
ingested. We sought to assess the value of acetaminophen dosing infor-
mation in patients with acute liver failure (ALF) due to acetaminophen
toxicity to determine the role of dose as a prognostic indicator.
Methods: Prospective data from 113 patients with ALF having single-
time-point ingestions of acetaminophen were analyzed. Multivariate
and W

2 tests were used to determine the relationship of dose to clinical
outcome. We also used the Mann-Whitney U test to compare prognosis
and survival in ALF with acetaminophen dose ingested.
Results: Multivariate and W

2 analyses failed to show any relationship
between acetaminophen dose and spontaneous survival. A separate anal-
ysis showed no correlation between acetaminophen dose and clinical
prognostic indicators.
Conclusions: Dose of acetaminophen ingested did not seem to play a
role in prognosis. The most important prognostic factor was coma grade
on admission to study. Acetaminophen dosing information is not always
obtainable. When it is, it adds little to the clinical assessment. Severity
of encephalopathy is a more reliable indicator of prognosis in these
critically ill patients.
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Acetaminophen is a highly popular analgesic that exists in
both over-the-counter and combination prescription formu-

lations. It is estimated that 36% of Americans consume an
acetaminophen-containing preparation at least once a month.1

Although it is generally safe when used within the recommended
limit of 4 g/d,2 doses exceeding 4 g/d may be associated with
dose-dependent hepatotoxicity and acute liver failure (ALF).3

Acetaminophen overdose is the leading cause of ALF in the
United States4,5 and the United Kingdom6 and accounts for
nearly half of all ALF cases annually. Acute liver failure is
defined as the onset of coagulopathy and hepatic encephalopathy
occurring within 26 weeks of illness in patients without pre-
existing liver disease.7 It carries a high mortality rate and often
afflicts the young and previously healthy.

Many variables influence the extent of liver injury and
prognosis in acetaminophen-induced ALF. Factors nega-
tively impacting outcome include excessive dosing, concomi-
tant medications, alcohol use, starvation, advanced age,8,9 and

delay in seeking medical attention. A highly effective antidote,
N-acetylcysteine (NAC),10Y14 protects against liver injury if given
within 12 hours of ingestion but is less effective thereafter. Liver
transplantation is utilized in a small fraction of cases and can be
lifesaving in suitable patients.15,16

Determination of prognosis in acetaminophen overdose is
vitally important; therefore, several criteria have been developed
to predict outcome. Unfortunately, these have relatively low
sensitivity and specificity.17Y20 Multiple indicators in isolation,
however, are known to affect outcome. Advanced hepatic en-
cephalopathy (coma grades 3 or 4) is associated with poor
prognosis,21 and some authors recommend that all patients with
coma grade 3 or higher be considered for liver transplantation.22

Another factor influencing prognosis is delay in receiving NAC,
which has been correlated with an increased risk of hepatotox-
icity. Studies by SchiLdt et al.23 suggest that receipt of NAC at
48 hours or more from time of ingestion resulted in hepatic
injury with prolongation of acetaminophen half-life, a surrogate
for impaired hepatic metabolic function.

Despite being recognized as a dose-dependent toxin, the
quantity of acetaminophen ingested has never been incorporated
into any prognostic criteria. Authors have stressed the unreli-
ability of dosing information reported by patients on admission,
either due to encephalopathy, inaccurate recall, or purposeful
deception.24 Information from next of kin is even less reliable
because family members typically are unaware of dosing details.

Acetaminophen dosing information might prove valuable
to clinicians managing patients with ALF. We sought to assess
the reliability of acetaminophen dosing information in deter-
mining prognosis by correlating this information with patient
outcomes. We selected a group of patients with acetaminophen-
induced ALF who had an overdose at a single time point from
the large, prospectively collected database of the US Acute Liver
Failure Study Group, which contains detailed clinical informa-
tion on more than 1400 patients. We used multivariate and W

2

analyses to determine the influence of reported acetaminophen
dose on survival. We also divided patients into groups based on
admission coma grade, time from overdose to hospital admis-
sion, outcome, and reported ingestion amounts to determine
whether information on acetaminophen ingestion could help in
predicting outcome.

MATERIALS AND METHODS
Between January 1998 and May 2007, 527 patients with

ALF presumed to be due to acetaminophen toxicity were pro-
spectively identified and enrolled in the ALF study by the 22
participating US tertiary-care centers. All but one of these were
a liver transplant center. All centers were in compliance with
their local institutional review board requirements. A certificate
of confidentiality was obtained from the National Institute of
Mental Health for the entire study. Enrollment required ful-
fillment of the criteria for ALF,25 defined as the presence of
coagulopathy (international normalized ratio Q1.5) and hepatic
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encephalopathy within 26 weeks of the development of symp-
toms in the absence of previous liver disease. To establish a
diagnosis, a detailed history of acetaminophen ingestion was
collected, including total amount taken, type of acetaminophen
compound consumed, and duration of use. For the purpose of
this study, 414 of the 527 patients were excluded either because
the patient had ingested acetaminophen chronically rather than
at a single time point (n = 310) or because historical data (dosing
information or date of overdose, n = 92) or detailed laboratory
data (alanine aminotransferase [ALT], coma grade, or acetamin-
ophen level, n = 12) were lacking. The remaining 113 patients
comprised the study group.

Statistical Analysis
We used multivariate analysis to determine the influence of

patient-reported acetaminophen dose, sex, age, ethnicity, admis-
sion ALT, and ratio of dose to body weight on spontaneous
survival. A W

2 analysis was used to identify differences in sur-
vival among patients ingesting greater than or less than/equal to
10 g (n = 92 and 23 patients, respectively), 20 g (n = 70 and 45),
30 g (n = 69 and 46), 40 g (n = 85 and 30), and 50 g (n = 102
and 13) of acetaminophen. We also stratified patients based on
whether 48 hours had elapsed between overdose and admission.
Patients within these two groups were subdivided by severity
of hepatic encephalopathy on admission into either low (grades
1Y2) or high grade (grades 3Y4). We compared survival in low
versus high-coma-grade patients using the W

2 test. We also
compared acetaminophen dose in low- versus high-coma-grade
patients using the Mann-Whitney U test to determine whether
there was any difference in the distribution of reported doses
among these groups. Possible outcomes were spontaneous sur-
vival (defined as survival without liver transplantation)4 or death
(this group included transplanted patients). Statistical analysis
was performed using SPSS software (SPSS Inc, Chicago, IL).

All analyses were 2-tailed. P G 0.05 was considered statistically
significant.

RESULTS
Multivariate analysis (Table 1) showed that acetaminophen

dose did not predict the probability of spontaneous survival
to any significant degree (P = 0.146; odds ratio [OR], 1.000).
Spontaneous survival was also not significantly affected by ad-
mission ALT (P = 0.121; OR,1.000), sex (P = 0.673; OR, 1.217),
age (P = 0.535; OR,0.987), ethnicity (P = 0.198; OR,0.285), or
ratio of dose to body weight (P = 0.069; OR,1.001).

The W
2 analysis (Table 2) failed to identify any difference

in survival among patients ingesting greater or less than 10 g
(P = 0.605), 20 g (P = 0.142), 30 g (P = 0.150), 40 g (P = 0.245),
or 50 g (P = 0.388) of acetaminophen.

The low- and high-grade encephalopathy groups are
described in Table 3. The groups were similar in demographic
features and in median acetaminophen dosing. Both low- and
high-coma-grade groups were predominantly female (P = 0.304)
and white (P = 0.437). There was similarly no significant dif-
ference between the groups in age, acetaminophen dose, body
mass index, and ingestion of any opiates.

Spontaneous survival rates in coma grades 1 to 2 versus 3 to
4 are compared in Table 4. The low-coma-grade group (n = 78)
had a much higher survival rate than the patients (n = 35) com-
prising the high-coma-grade group (83% vs 40%; P = G0.0001).

Spontaneous survival rates in early-presenting (G48 hours)
patients with coma grades 1 to 2 versus 3 to 4 are shown in
Table 5. Survival in the early-presenting group with low coma
grade was significantly higher than survival in high-coma-grade
patients (83% vs 39%; P G 0.0001). Similarly, low-coma-grade
patients in the late-presenting (Q48 hours) group tended to have
a much more favorable survival rate than those with more
advanced coma grades (83% vs 42%; P G 0.0001) (Table 6).

In a separate analysis, we examined median acetaminophen
dose among subgroups divided by coma grade (Table 7). There
was no significant difference in dose ingested between the

TABLE 2. W
2 Analysis of Patients Divided Into Groups Based on

Cutoff Values of 10, 20, 30, 40, and 50 g of Acetaminophen
and Compared for Differences in Spontaneous Survival

Acetaminophen
Dose Cutoff, g

No. Patients With
eDose Cutoff

No. Patients With
9Dose Cutoff P

10 22 91 0.605
20 44 69 0.142
30 68 45 0.150
40 84 29 0.245
50 100 13 0.388

TABLE 1. Multivariate Analysis Comparing the Variables
Sex, Age, Ethnicity, Acetaminophen Dose, ALT, and Ratio
of Dose to Body Weight With Outcome Measure
Spontaneous Survival

A

Coefficient SE
Wald
W2 df P OR

Female sex 0.197 0.466 0.178 1 0.673 1.217
Age, y j0.013 0.020 0.385 1 0.535 0.987
White ethnicity j1.255 0.975 1.657 1 0.198 0.285
Dose, g 0.000 0.000 2.134 1 0.144 1.000
ALT, IU/L 0.000 0.000 2.402 1 0.121 1.000
Dose/body weight,
g/kg (n = 106)

0.001 0.001 3.297 1 0.069 1.001

TABLE 3. Demographic Features of Low- Versus
High-Coma-Grade Patients

Coma Grades
1Y2 (n = 78)

Coma Grades
3Y4 (n = 35) P

Female sex, n (%) 51 (65) 25 (71) 0.304
Median age

(range), y
30 (17Y62) 31 (18Y54) 0.499

White race, n (%) 69 (88) 33 (97) 0.437
Median overdose

(range), mg
27,000 (300Y158,000) 25,000 (6500Y125,000) 0.264

Median body
mass index
(range), kg/m2

24 (17Y38) 27 (18Y44) 0.102

Recent positive
opiate ingestion,
n (%)

11 (14) 7 (20) 0.193

TABLE 4. Overall Spontaneous Survival

Coma Grades
1Y2 (n = 78)

Coma Grades
3Y4 (n = 35) P

Spontaneous survival,
n (%)

65 (83) 14 (40) G0.0001
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early-presenting low- and high-coma-grade patients (30,000 vs
25,000 mg; P = 0.461). Nor was there a difference in reported
dose between the late-presenting low- and high-coma-grade
groups (24,000 vs 18,750 mg; P = 0.298).

DISCUSSION
We sought to correlate acetaminophen ingestion data with

outcome using multiple analytic approaches. Our multivariate
analysis suggested that none of the variables surveyed (sex, age,
ethnicity, dose, admission ALT, ratio of dose to body weight)
significantly influenced outcome. Thus, increasing acetamino-
phen dose did not seem to affect mortality in our set of patients.
This finding could result from inherent inaccuracy in data that
were gathered largely from patients with hepatic encephalopathy.
Of note, these findings are generalizable only to this population
of patients with ALF where altered mental status is a criterion
for study entry. Our results may not apply to acetaminophen
ingestions in the absence of encephalopathy and ALF.

An alternative explanation as to why acetaminophen dose
does not seem to affect mortality may relate to a plateau effect, in
which acetaminophen doses above a certain threshold do not
result in additional liver injury. The possibility of a plateau effect
of acetaminophen toxicity is suggested by our analysis of serial
acetaminophen doses. In this analysis, we compared survival
outcomes at various cutoff doses. We found no significant dif-
ference in mortality among patients taking greater or less than
multiple fixed doses of acetaminophen. This suggests that
mortality does not increase with increasing dose. Indeed, there
seems to be no distinct dose at which mortality is clearly greater.
Rather, it is possible that once a patient has taken a quantity of
acetaminophen sufficient to induce ALF, the effect on mortality
with increasing dose is minimal. Hepatic injury may be so
extensive once the threshold of ALF has been reached that
acetaminophen toxicity ceases to be additive.

In a separate analysis, we attempted to correlate outcome in
acetaminophen overdose with anticipated prognosis based on
admission coma grade. Coma grade repeatedly has been shown
to correlate with survival in patients with ALF, and this was also
borne out by our data. Regardless of whether they presented
early or late, patients with grades 3 to 4 encephalopathy had
much lower spontaneous survival rates than patients with grades
1 to 2. If dose were both accurate and an independent outcome
determinant, we would expect to find higher doses reported in
patients with a higher coma grade.

Although time from overdose to administration of NAC has
previously been suggested to influence the degree of hepatic
injury, we could not demonstrate a difference in survival for

early- versus late-presenting patients with the same initial coma
grade (Tables 5 and 6). The reasons for this result are unclear but
may be related to genotypic differences in acetaminophen metab-
olism26,27 or the fact that most patients surpassing the threshold
of ALF fall into the Bsevere[ category. Nevertheless, these data
suggest that coma grade remains a stronger determinant of sur-
vival than dose of acetaminophen ingested or time to presentation.

After dividing patients into subcategories based on prog-
nosis, we calculated the median acetaminophen dose reported by
patients in each group. Mild hepatic encephalopathy would be
predicted to result in a better prognosis, whereas grades 3 to 4
would indicate a worse prognosis, and this assumption was
supported by the differences in survival observed. Provided that
acetaminophen dosing information is accurate, we presumed
that higher doses of acetaminophen would be associated with a
poorer prognosis. However, our analysis revealed no significant
difference in reported acetaminophen dose between the prog-
nostic groups (Table 7). In other words, patients with a better
prognosis (ie, lower grade of encephalopathy) did not report
ingesting lower quantities of acetaminophen. Indeed, both sub-
groups with coma grades 1 to 2 reported taking higher median
doses of acetaminophen than their grades 3 to 4 counterparts,
although this difference was not significant.

These results suggest either that the acetaminophen dosing
information obtained is inaccurate or that the quantity of acet-
aminophen ingested is not, in and of itself, a consistent de-
terminant of outcome. Although acetaminophen is inarguably
hepatotoxic in a dose-dependent fashion, reported dose does not
seem to correspond directly to mortality. The poor correlation
between dose and outcome may be related to the multifactorial
nature of acetaminophen metabolism, which varies from patient
to patient and is influenced by genetic factors, coingested sub-
stances, and alcohol use. We also cannot rule out the possibility
of a plateau phenomenon in the setting of massive acetamino-
phen overdose. The hepatotoxic effects of acetaminophen may
not be linear when doses are so high and liver injury is so
extensive. Interestingly, admission ALT levels also did not seem
to predict survival. This may be because liver injury in
acetaminophen-induced ALF is massive, and ALT levels tend
to be orders of magnitude outside the range of normal. Differ-
ences in ALT may not be meaningful in the setting of such
extensive damage. Another possibility is that mortality is not
related to the degree of liver injury but to the complications
thereof. Indeed, secondary complications such as infection or
bleeding have been closely linked to outcome in ALF.28

Our study had several limitations. We were unable to obtain
dosing information in a large percentage of patients enrolled by
the Acute Liver Failure Study Group. In some cases, this infor-
mation may have been less available in those with advanced
encephalopathy, thereby skewing the data collection away from
the sickest patients. Data regarding time from overdose to ad-
mission was similarly difficult to collect, and we could obtain

TABLE 5. Spontaneous Survival in Early-Presenting Patients

Coma Grades
1Y2 (n = 60)

Coma Grades
3Y4 (n = 23) P

Spontaneous survival,
n (%)

50 (83) 9 (39) G0.0001

TABLE 6. Spontaneous Survival in Late-Presenting Patients

Coma Grades
1Y2 (n = 18)

Coma Grades
3Y4 (n = 12) P

Spontaneous survival,
n (%)

15 (83) 5 (42) G0.0001

TABLE 7. Median Acetaminophen Dose in Patients
Stratified by Coma Grade and Time of Presentation

Coma Grades 1Y2 Coma Grades 3Y4 P

Early presentation:
G48 h, dose (n)

30,000 mg (n = 60) 25,000 mg (n = 23) 0.461

Dose range 3500Y158,000 mg 6500Y125,000 mg
Late presentation:
948 h (range)

24,000 mg (n = 18) 18,750 mg (n = 12) 0.298

Dose range 300Y75,000 mg 6500Y65,000 mg
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a complete history of alcohol ingestion only in a small fraction
of patients. Our data failed to reproduce a correlation between
increasing age and mortality found by previous authors.17 It
should be kept in mind, however, that our data set included only
patients who had an overdose at a single time point, often in an
attempt at suicide. Our patients tended to be younger on average
than patients in other studies and in many cases were consid-
erably younger than 40 years. Thus, the results of prior studies
may not pertain to our patient set. Lastly, this is a retrospective,
descriptive analysis that may not impact the management of
patients with ALF greatly as reported acetaminophen dose is not
a component of overdose management protocols.

Acetaminophen dosing information, taken in isolation, is
an unreliable predictor of survival in patients with ALF. Our data
suggest that other factors alone or in combination affect
prognosis more strongly than the acetaminophen dose itself.
Groups of patients ingesting similar amounts of acetaminophen
seem to experience different outcomes, depending on the degree
of encephalopathy on admission. Thus, patients presenting with
massive overdoses of acetaminophen (40 or 50 g) do not neces-
sarily have a grim prognosis, but more importantly, patients with
relatively smaller ingestions (10 or 20 g) may experience rapidly
fatal deterioration if lifesaving measures are not anticipated.
Clinicians should consider reported acetaminophen dose in the
context of the patient’s overall clinical picture, with particular
attention to mental status when predicting prognosis in ALF.
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