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ACETAMINOPHEN TOXICITY IN AN URBAN COUNTY HOSPITAL
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ABSTRACT

Background The prevalence and characteristics of
acetaminophen-associated liver injury in hospitalized
patients are not well defined.

Methods We identified patients hospitalized for ex-
cessive acetaminophen ingestion at an urban county
hospital over a 40-month period (1992 to 1995) and
reviewed their medical records to determine the in-
cidence and clinical features of the ingestions and
their outcomes.

Results  Of the 71 patients studied, 50 were classi-
fied as having taken acetaminophen during suicide
attempts and 21 as having accidentally poisoned
themselves while attempting to relieve pain. The sui-
cidal patients had ingested almost twice as much
acetaminophen as those in the accidental-overdose
group (median, 20 vs. 12 g; P=0.009). Among the pa-
tients for whom data were available, 63 percent of
those in the accidental-overdose group and 25 per-
cent of those in the suicidal group were chronic al-
cohol abusers (P=0.009). The patients in the acci-
dental-overdose group more often had severe liver
necrosis (aminotransferase levels, >3500 IU per liter;
52 percent vs. 14 percent; P=0.002) and were more
likely to have hepatic coma (33 percent vs. 6 percent,
P=0.006). There were four deaths (19 percent) in the
accidental-overdose group and one (2 percent) in
the suicidal group (P=0.04). Five patients — three in
the accidental-overdose group and two in the suicid-
al group — had ingested 4 g of acetaminophen or
less. Acetaminophen ingestion accounted for 12 per-
cent of all patients hospitalized with overdoses (71 of
589) and 40 percent of patients with acute liver fail-
ure (10 of 25) during the study period.

Conclusions In an urban county hospital, patients
hospitalized with acetaminophen toxicity related to
accidental misuse had higher rates of morbidity and
mortality than those who attempted suicide, even
though the latter had taken more acetaminophen. A
higher frequency of chronic alcohol abuse among
the patients with accidental overdoses may be one
explanation. (N Engl J Med 1997;337:1112-7.)
©1997, Massachusetts Medical Society.

EPATOTOXICITY due to overdoses of
acetaminophen (also known as paraceta-
mol) has become an important prob-
lem.12 Previous reports have defined two
distinct clinical syndromes. When patients attempt-
ing suicide ingest large amounts of acetaminophen,
acute liver failure associated with multiorgan failure,
nephrotoxicity, and occasionally pancreatitis may de-
velop unless antidotes are given.>* This pattern is
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the most common cause of acute liver failure in the
United Kingdom. A second pattern, apparently more
prevalent in the United States, is observed in alco-
holic or fasting patients who ingest smaller amounts
of acetaminophen only to relieve pain and in whom
alcohol use or starvation appears to worsen the liver
injury.L57 Suicidal overdoses have been common in
the United Kingdom since the 1970s,8 and their in-
cidence appears to be increasing in the United
States.”10 Despite these reports, little information is
available on the overall incidence and severity of ac-
etaminophen hepatotoxicity in the United States.

We retrospectively examined the records of pa-
tients with acetaminophen toxicity in an urban coun-
ty hospital over a 40-month period to determine the
incidence and clinical profile of acetaminophen-
associated liver injury.

METHODS

The study group consisted of all patients admitted to Parkland
Memorial Hospital, the sole public hospital in Dallas County,
Texas (with approximately 40,000 admissions annually), for po-
tential or actual acetaminophen hepatotoxicity between January
1, 1992, and April 30, 1995. Since the hospital does not perform
liver transplantation, no patients were referred for that purpose,
and no patients required transplantation.

The patients’ medical records were identified and retrieved in
two ways. First, we used coding software (Code 3 N-coder, 3M,
Minneapolis) to search the data base for all patients coded as hav-
ing hepatic necrosis (a category that included acute liver failure),
drug overdose, or alcoholic hepatitis. Patients defined clinically as
having typical alcoholic hepatitis were excluded from further
study.!! Second, we reviewed the records of all patients in whom
acetaminophen levels greater than 10 mg per liter were measured.
We confirmed that a patient had had substantial acetaminophen
ingestion if the ingestion of a large amount of acetaminophen was
reported unequivocally by the patient or a family member, if the
patient had a blood acetaminophen level greater than 10 mg per
liter, or if the patient had serum aminotransferase levels exceeding
3500 IU per liter, a finding previously associated with acetamin-
ophen toxicity.*7 Patients who did not meet these criteria includ-
ed those in whom elevated serum aminotransferase levels were
found but substantial acetaminophen ingestion could not be ad-
equately confirmed and those in whom a second cause, such as
acute hepatitis A or B, was considered to account at least in part
for the clinical picture.

Our primary objectives were fourfold: to document the inci-
dence of acetaminophen toxicity during a defined study period in
an urban county hospital that does not serve as a transplantation
center; to analyze the clinical, biochemical, and epidemiologic
data recorded for these patients, all of whom were hospitalized
specifically for this problem; to establish the cost of hospitaliza-
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tion related to acetaminophen toxicity; and to assess the outcome
with regard to morbidity and mortality. Data were collected on
age, sex, race or ethnic group, dates of admission and discharge,
diagnosis, cost of hospitalization, amount of acetaminophen in-
gested (including that in all compound preparations), the reason
for the ingestion, the timing of the ingestion in relation to pres-
entation at the hospital, and the timing of antidote therapy with
acetylcysteine. Data on costs were obtained from the hospital bill-
ing office and consisted of the total cost of each patient’s admis-
sion as calculated for billing purposes. In addition, laboratory
data included acetaminophen levels and admission, peak, and dis-
charge values for aspartate aminotransferase (normal, 5 to 35 TU
per liter), alanine aminotransferase (normal, 7 to 56 IU per liter),
bilirubin (normal, 0.2 to 1.3 mg per deciliter [3.4 to 22 umol per
liter]), creatinine (normal, 0.7 to 1.7 mg per deciliter [61 to 150
pmol per liter]), and prothrombin time (normal, 11.0 to 13.1
seconds). Precise assessments of alcohol intake, the amount of ac-
ctaminophen ingested, and nutritional state were not always pos-
sible. When complete data were unavailable, best estimates were
made. When there was a suspicion of acetaminophen ingestion
but residual doubt because of poor documentation by the medi-
cal staff, the patient was excluded from further study.

Statistical Analysis

In the analysis of quantitative data, Student’s unpaired t-test
was used to compare the study groups with regard to variables
with normal distributions (such as age), and the Mann-Whitney
U test was used for variables with non-normal distributions (such
as the serum bilirubin level).!2 In the analysis of qualitative data,
Fisher’s exact test was used for categorical variables (such as grades
of hepatic coma), and the chi-square test was used to test for
group differences when there were more than two possible values
(such as ethnic distribution). Data are given as means £SD, me-
dians and ranges, or both. All the analyses were two-tailed. P val-
ues of less than 0.05 were considered to indicate statistical signif-
icance.

RESULTS

We initially considered 80 patients to have had ev-
idence of acetaminophen hepatotoxicity according
to our criteria. Nine patients were excluded, either
because there was not enough information to con-
firm their clinical status or because other causes were
also present, leaving 71 patients who were consid-
ered further. Of these, 50 patients (70 percent) had
attempted suicide by overdose and the remaining 21
had accidental toxic effects from acetaminophen in-
gestion while seeking relief from pain. The study
groups are compared in Tables 1 and 2. The suicidal
patients tended to be younger than those in the ac-
cidental-overdose group and included greater pro-
portions of whites and Asians, whereas the acciden-
tal-overdose group included predominantly blacks
and Hispanics, with a comparatively small propor-
tion of whites. Each group contained more women
than men (overall, 48 vs. 23). The suicidal patients
had ingested almost twice as much acetaminophen
as those in the accidental-overdose group (median,
20 vs. 12 g; P=0.009). Five patients were consid-
ered to have potential or actual toxic effects after the
ingestion of 4 g or less in a 24-hour period. Acute
alcohol ingestion was common in both groups,
whereas chronic alcohol abuse was significantly more
prevalent in the accidental-overdose group. Approx-
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TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF 71 PATIENTS WHO
INGESTED OVERDOSES OF ACETAMINOPHEN, EITHER
ACCIDENTALLY OR IN A SUICIDE ATTEMPT.

ACCIDENTAL SuICIDAL
OVERDOSE OVERDOSE P
CHARACTERISTIC (N=21) (N=50) VALUE
Age — yr
Mean *SD 34x10 29*13
Median 36 26 0.12
Range 16-54 14-83
Sex — F/M 11/10 37/13 0.10
Race or ethnic group 0.009*
Asian 0 4
Black 11 9
Hispanic 4 9
Native American 1 0
White 5 28
Acctaminophen dose — g
Mean +=SD 11£7 24+22
Median 12 20 0.009
Range 2-30 3-125
Acetaminophen dose <4 g — 3 (14) 2 (4) 0.15
no. (%)
Ethanol ingestion —
no./no. studied (%)
Acutet 8/18 (44) 14/36 (39) 0.77
Chronict 12/19 (63) 11/44 (25) 0.009
Concurrent intoxication — 6 (29) 17 (34) 0.78
no. (%)§
Intravenous drug abuse — 4 (19) 13 (26) 0.76
no. (%)

*Chi-square =13.6, 4 df.
tThese values could not be determined in 17 patients.
1These values could not be determined in eight patients.

§Compound preparations containing acetaminophen were often ingest-
ed alone or together with other preparations. In such cases, the total
amount of acetaminophen is shown as the ingested dose. Use of the fol-
lowing brand-name drugs was recorded for the study patients: Excedrin
(four patients), Darvocet (three), Tylenol #3 (three), Vicodin (two), and
Lortab, Fiorcet, Tylenol PM, and Tylenol Sinus (one each). Other medi-
cations ingested along with acetaminophen included doxepin, hydro-
codone, Sominex, alprazolam, captopril, diphenhydramine, chlorprom-
azine, glyburide, glipizide, Dyazide, nifedipine, and pseudoephedrine.

imately one third of each group had ingested com-
pounds such as Vicodin (hydrocodone plus ace-
taminophen) and Darvocet (propoxyphene plus
acetaminophen), and other tranquilizers and seda-
tives had commonly been taken also.

Table 2 shows clinical and laboratory variables and
data on outcomes. The accidental-overdose group
had more overall liver and kidney injury, as indicated
by elevated levels of aminotransferases and creati-
nine, respectively, despite lower doses of acetamino-
phen. The highest level of aspartate aminotransfer-
ase reached was 34,720 IU per liter in a patient with
accidental overdose, although one suicidal patient
also had a very high level (15,890 IU per liter). Ace-
tylcysteine therapy was given to 56 patients (79 per-
cent), with no difference between groups. Of the
five patients who died, four had received acetylcys-
teine; this treatment was not given to the fifth be-
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TABLE 2. CLINICAL VARIABLES PERTAINING TO THE ACCIDENTAL AND SUICIDAL
OVERDOSES OF ACETAMINOPHEN IN THE STUDY PATIENTS.*

ACCIDENTAL SuicipAL
OVERDOSE OVERDOSE P
VARIABLE (N=21) (N=50) VALUE
History available — no. (%) 17 (81) 43 (86) 0.72
Presentation >24 hr after overdose 9/14 (64) 5/35 (14) 0.001
— no./no. studied (%)t
Peak acetaminophen — mg/liter
Mean *=SD 39+53 145+101
Median 7 126 <0.001
Range 1-155 8-460
Peak acetaminophen >10 mg/liter 7/15 (47) 46/49 (94) <0.001
— no./no. studied (%)}
Peak ALT — IU /liter
Mean *=SD 2557+3061 13842918
Median 1964 26 0.003
Range 9-12,700 6-10,550
Peak AST — IU/liter
Mean =SD 7430+10,309 15013555
Median 3490 31 0.001
Range 19-34,720 11-15,890
Peak ALT or AST — no. (%)
>1000 IU/liter 13 (62) 10 (20) 0.002
>3500 IU/liter 11 (52) 7 (14) 0.002
Peak prothrombin time — sec
Mean +=SD 25.7*18.5 18.0+12.4
Median 18.0 13.8 0.04
Range 11.7-76.1 11.4-71.5
Peak serum bilirubin — mg/dl
Mean =SD 12.0*15.1 1.4*2.4
Median 4.2 0.7 0.004
Range 0.2-51.6 0.2-12.9
Peak serum creatinine — mg/dl
Mean =SD 2.6%2.6 1.0+0.3
Median 1.3 0.9 0.05
Range 0.6-9.4 0.5-1.7
No. of criteria met§ 0.279
1 9 12
2 10 30
3 2 8
Acetylcysteine therapy — no. (%) 16 (76) 40 (80) 0.76
Hepatic coma — no. (%) 7 (33) 3(6) 0.006
Death — no. (%) 4 (19) 1(2) 0.04
Hospital stay — days
Mean £SD 9+13 4+4
Median 4 3 0.60
Range 1-51 1-23
Cost — dollars||
Mean =SD 19,086+27,473 8,487+6,720
Median 5,897 6,899 0.51
Range 1,019-81,558 632-44.976

*ALT denotes alanine aminotransferase, and AST aspartate aminotransferase. To convert values for
acetaminophen to micromoles per liter, multiply by 6.62. To convert values for bilirubin to micro-
moles per liter, multiply by 17.1. To convert values for creatinine to micromoles per liter, multiply
by 88 .4.

1The precise time of the overdose was not available for 22 patients.
fPeak acetaminophen levels were not determined in seven patients.

§The three criteria used to establish the likelihood of an overdose or toxic effects of acetaminophen
were as follows: an unequivocal report by the patient or a family member of a large ingestion of ac-
etaminophen, a blood acetaminophen level greater than 10 mg per liter, and serum aminotransferase
levels exceeding 3500 IU per liter.

YChi-square=2.6, 2 df.

[Data on cost were derived from billing statements on each patient’s hospitalization that were ob-
tained from the hospital billing office. Such statements were available for 63 patients, 18 in the acci-
dental-overdose group and 45 in the suicidal group.
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cause the patient entered the hospital seven days af-
ter the acetaminophen ingestion.

Suicidal Overdoses

Of the 50 patients whose overdoses were consid-
ered to constitute suicide attempts, 43 (86 percent)
had histories consistent with such an attempt, where-
as the remaining 7 had either taken large amounts
of acetaminophen as an angry gesture (5 patients) or
denied having suicidal ideation but had very high ac-
etaminophen levels (2). This group had less severe
toxic effects, with 31 patients (62 percent) never
having abnormal aminotransferase levels. Ten pa-
tients (20 percent) had substantial toxic effects (ala-
nine or aspartate aminotransferase, >1000 IU per li-
ter) despite the use of acetylcysteine in most cases.
The demographic features of this subgroup of pa-
tients were similar to those of the other suicidal
patients, except that among the patients with sub-
stantial toxic effects the median total dose of aceta-
minophen ingested was higher (42 vs. 19 g, P<
0.005), a majority of patients were chronic alcohol
abusers (67 percent vs. 14 percent, P<<0.004), and
the patients presented for treatment later (median,
16 hours, as compared with 5 hours for the remain-
ing patients; P<<0.003).

Accidental Overdoses

Among the 21 patients who were considered not
to have had suicidal intent, in each case a specific
history of attempted relief from pain was elicited,
suicidal ideation was denied, and the patient pre-
sented significantly later for hospitalization. Aceta-
minophen ingestion beyond the amount recom-
mended on the package label for adults in the
United States (4 g every 24 hours) occurred in 18
patients, although only 7 patients (33 percent) had
ingested more than 10 g, and the total dose was typ-
ically ingested over a period of more than 24 hours.
The reasons given for seeking relief from pain in-
cluded toothache (five patients), abdominal pain
(four), and headache (three), among other reasons.
Only five patients were admitted to the hospital be-
cause of a specific history of excess acetaminophen
ingestion; the majority had abnormal aminotransfer-
ase levels or prothrombin times that mandated their
admission. Measures of severity of illness (amino-
transferase levels, bilirubin levels, and prothrombin
time) were all more pronounced in the accidental-
overdose group than in the suicidal group (Table 2).
Hepatic coma and death were more frequent in the
accidental-overdose group. Median hospital costs
and length of stay were similar in the two groups.

During the period of the study, 589 patients were
listed in the hospital data base as having been admit-
ted for drug overdoses, including the patients in-
gesting excess acetaminophen, and in 25 patients
(including 10 in this series) acute liver failure was di-
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agnosed according to the standard criteria of hepatic
coma plus coagulopathy.!® Thus, acetaminophen in-
gestion accounted for 12 percent of all patients with
overdoses (71 of 589) and 40 percent (10 of 25) of
patients with acute liver failure during the same pe-
riod. The total population of Dallas County is ap-
proximately 1 million. On the basis of demographic
studies of the county, our hospital is estimated to
provide care to 40 percent of this population. Given
these data, the annual incidence of potential or actual
acetaminophen toxicity requiring hospitalization was
estimated at 53 (95 percent confidence interval, 39
to 67) per million.

DISCUSSION

In evaluating the overall experience with acetamin-
ophen in an urban hospital, we found one group of
patients with suicidal ingestions and another group
who were admitted with established toxic effects
of acetaminophen. The latter had ingested smaller
amounts of acetaminophen than the former, usually
for pain relief, and they had frequent evidence of al-
cohol abuse. Low or undetectable levels of acetamin-
ophen (<10 mg per liter) were found in 8 of 15 pa-
tients in the accidental-overdose group (53 percent),
as compared with only 3 of 49 patients in the suicidal
group (6 percent) (Table 2), presumably because of
late presentation or multiple small ingestions over
time. Nevertheless, the accidental-overdose group
had higher morbidity and mortality than the suicidal
group, partly because no antidote is maximally effec-
tive if given more than 24 to 48 hours after the inges-
tion of the toxic substance. Since accurate knowledge
of a single time when the ingestion occurred was fre-
quently lacking for these patients, using a nomogram
to determine the need for therapy is inappropriate.
Symptoms, signs, and laboratory evidence of severe
hepatotoxicity developed in the patients who had ac-
cidental overdoses, with nearly two thirds having
aminotransferase levels higher than 1000 IU per liter
and acute liver failure developing in one third. This
group may not have included all patients with toxic
effects, since patients with subclinical liver damage
might not have come to the hospital. This may ex-
plain the high frequency of severe toxic effects in the
patients who were admitted. Population-based rates
of adverse events not requiring hospitalization can-
not be calculated from the type of data we collected.

Despite the very large amounts of acetaminophen
consumed, remarkably few toxic effects were ob-
served in the patients who made suicide attempts,
probably because of their early presentation for treat-
ment. This more favorable outcome underscores the
importance of the prompt use of acetylcysteine.+13-16
Because acetaminophen-related admissions at our
hospital are relatively frequent, our staff may admin-
ister antidotes more readily than physicians at small-
er hospitals where such cases occur less frequently.l”
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The experience at other centers would also sug-
gest that few patients die or need liver transplan-
tation after ingesting acetaminophen in a suicide at-
tempt. We found that chronic alcohol abuse, the
ingestion of higher doses of acetaminophen, and late
presentation were all more frequent in the subgroup
of suicidal patients with severe hepatic necrosis. These
same risk factors for severe acetaminophen toxicity
among suicidal patients have been reported from
Australia.!8 Even when acute liver failure develops
because of a suicidal overdose of acetaminophen, pa-
tients generally have a good prognosis, with only a
small number requiring liver transplantation or dy-
ing.38.18,19

Acetaminophen is metabolized principally through
glucuronidation and sulfation; when the drug is tak-
en at therapeutic doses, only a small portion is
oxidized by cytochrome P450 2E1. When the quan-
tity ingested exceeds the capacity for sulfation and
glucuronidation, an avidly electrophilic compound,
N-acetyl-p-benzoquinoneimine (NAPQI), is formed
by P450 2El, causing covalent bonding with cell
proteins and DNA and resultant liver injury. This in-
jury can be prevented if NAPQI is detoxified by con-
jugation with glutathione to yield mercapturic acid,
a harmless water-soluble product excreted by the kid-
ney.2° Depletion of glutathione as a result of starva-
tion and chronic alcohol ingestion increases toxicity.
Acetylcysteine replenishes glutathione, thus protect-
ing against acetaminophen-induced injury.13142124 In
addition, the induction of the P450 2E1 enzyme by
chronic exposure to ethanol increases toxicity, al-
though the enzyme may also be inhibited in the set-
ting of acute ethanol intoxication.2122 Despite its
uncertain efficacy when administered more than 48
hours after the acetaminophen ingestion, acetylcys-
teine is recommended for late use by most au-
thors.815 Not all patients in our accidental-overdose
group had chronic ethanol ingestion. Other factors
may increase toxic effects in some patients. Our
study has not established a specific synergy between
acetaminophen and alcohol.

More than 200 formulations containing aceta-
minophen are available in the United States. The
foremost brand of acetaminophen, Tylenol (McNeil
Products, Fort Washington, Pa.), currently carries a
warning on the package about the ingestion of more
than 4 g (eight 500-mg tablets) in a 24-hour period
by adults and the use of the product in conjunction
with other acetaminophen-containing compounds.
The package label also suggests that people consum-
ing more than three alcohol-containing drinks should
consult their doctors. Most other preparations of
acetaminophen are sold with similar warnings. The
patients in the accidental-overdose group had fre-
quently exceeded the recommended doses. The rea-
sons given included too-frequent dosing (such as ev-
ery two hours) or overdosing (>1 g per dose) due
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to persistent pain, the ingestion of compounds the
patient did not know contained acetaminophen, the
ingestion of multiple preparations of acetaminophen
simultaneously, ignorance of toxic effects in general
or of the dosing limit, and clouded sensorium due
to alcohol. We could not accurately determine
whether the patients had been fasting; this has been
shown to be an important cofactor for acetamino-
phen toxicity in animals and people.&-2!

Substantial toxic effects were observed in five pa-
tients who apparently ingested 4 g of acetamino-
phen or less in a 24-hour period — three in the ac-
cidental-overdose group and two in the suicidal
group — and they were possibly also related to fast-
ing, excessive alcohol consumption, genetic differ-
ences in P450 constitution, or a combination of
these.2? Our findings differ from those in the United
Kingdom, where no definite association between
chronic alcohol intake and toxic effects of acetamin-
ophen has been recognized.$24 Since patients who
ingest acetaminophen to commit suicide seem more
prevalent in the United Kingdom, these differences
may reflect an overwhelming preponderance of sui-
cidal patients; however, acetaminophen toxicity asso-
ciated with alcohol abuse has been reported repeat-
edly from Australia, as well as in many U.S. case
reports.1,2,5,7,18,20,25,26

The observation that low doses of acetaminophen
— those only slightly above, and even occasionally
within, the therapeutic range — were associated with
severe hepatotoxicity in patients with accidental in-
gestions implicates cofactors, such as alcohol and
starvation, but does not prove the link. A formal
case—control study of alcohol ingestion and aceta-
minophen toxicity has yet to be performed. However,
the presence of extremely high aminotransferase lev-
els in virtually all the patients described, including
those we studied, distinguishes this clinical picture
from that of alcoholic hepatitis, alcoholic cirrhosis,
most forms of viral hepatitis, and other forms of acute
liver injury.s

Despite its apparent overall safety, acetaminophen
was the most frequent cause of acute liver failure at
our hospital, accounting for five deaths during the
study period. Excessive ingestion of acetaminophen
should be considered in the setting of suicidal over-
doses of medication and in patients with very high
aminotransferase levels. Acetaminophen, the most
commonly used pain reliever, has substantial potential
for fatal hepatotoxicity when it is misused through
accidental overdose or in suicide attempts. The lack
of awareness of these hazards on the part of both the
public and some physicians!” suggests the need for
greater education.

Supported by a grant (9400630) from the Danish Medical Research
Council (to Dr. Schigdt), by the estate of Alison B. Harwood, and by Mr.
and Mrs. W.C. Pickens.

. For personal use only. No other uses without permission.

Copyright © 1997 Massachusetts Medical Society. All rights reserved.



ACETAMINOPHEN TOXICITY IN AN URBAN COUNTY HOSPITAL

REFERENCES

1. Licht H, Seeff LB, Zimmerman H]J. Apparent potentiation of acetamin-
ophen hepatotoxicity by alcohol. Ann Intern Med 1980;92:511.

2. Black M. Acetaminophen hepatotoxicity. Annu Rev Med 1984;35:577-
93.

3. Hughes RD, Wendon J, Gimson AES. Acute liver failure. Gut 1991;Sep-
tember:Suppl:S86-S91.

4. Vale JA, Proudfoot AT. Paracetamol (acetaminophen) poisoning. Lancet
1995;346:547-52.

5. Seeff LB, Cuccherina BA, Zimmerman HJ, Adler E, Benjamin SB. Ac-
ctaminophen hepatotoxicity in alcoholics: a therapeutic misadventure. Ann
Intern Med 1986;104:399-404.

6. Whitcomb DC, Block GD. Association of acetaminophen hepatotoxic-
ity with fasting and ethanol use. JAMA 1994;272:1845-50.

7. Zimmerman HJ, Maddrey WC. Acetaminophen (paracetamol) hepato-
toxicity with regular intake of alcohol: analysis of instances of therapeutic
misadventure. Hepatology 1995;22:767-73. [Erratum, Hepatology 1995;
22:1898.]

8. Makin AJ, Wendon J, Williams R. A 7-year experience of severe aceta-
minophen-induced hepatotoxicity (1987-1993). Gastroenterology 1995;
109:1907-16.

9. Litovitz TL, Felberg L, White S, Klein-Schwartz W. 1995 Annual report
of the American Association of Poison Control Centers Toxic Exposure
Surveillance System. Am J Emerg Med 1996;14:487-537.

10. Lee WM. Acute liver failure. N Engl ] Med 1993;329:1862-72. [Er-
ratum, N Engl J Med 1994;330:584.]

11. Ramond M-J, Poynard T, Rueff B, et al. A randomized trial of pred-
nisolone in patients with severe alcoholic hepatitis. N Engl ] Med 1992;
326:507-12.

12. Altman DG. Practical statistics for medical research. London: Chap-
man & Hall, 1991.

13. Prescott LE, Illingworth RN, Critchley JAJH, Stewart MJ, Adam RD,
Proudfoot AT. Intravenous N-acetylcystine: the treatment of choice for
paracetamol poisoning. BMJ 1979;2:1097-100.

14. Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH. Efficacy of oral

N-acetylcysteine in the treatment of acetaminophen overdose: analysis of
the national multicenter study (1976 to 1985). N Engl ] Med 1988;319:
1557-62.

15. Harrison PM, Keays R, Bray GP, Alexander GJM, Williams R. Im-
proved outcome of paracetamol-induced fulminant hepatic failure by late
administration of acetylcysteine. Lancet 1990;335:1572-3.

16. Black M, Raucy J. Acetaminophen, alcohol, and cytochrome P-450.
Ann Intern Med 1986;104:427-9.

17. Kumar S, Rex DK. Failure of physicians to recognize acetaminophen
hepatotoxicity in chronic alcoholics. Ann Intern Med 1991;151:1189-

91.

18. Brotodihardjo AD, Batey RG, Farrell GC, Byth K. Hepatotoxicity
from paracetamol self-poisoning in western Sydney: a continuing challenge.
Med J Aust 1992;157:382-5.

19. Mutimer DJ, Ayres RCS, Neuberger JM, et al. Serious paracetamol
poisoning and the results of liver transplantation. Gut 1994;35:809-14.
20. Lee WM. Drug-induced hepatotoxicity. N Engl J Med 1995;333:
1118-27.

21. Mitchell JR, Jollow DJ, Potter WZ, Gillette JH, Brodie BB. Acetamin-
ophen-induced hepatic necrosis. IV. Protective role of glutathione. J Phar-
macol Exp Ther 1973;187:211-7.

22. Takahashi T, Lasker JM, Rosman AS, Lieber CS. Induction of cyto-
chrome P-4502E1 in the human liver by ethanol is caused by a correspond-
ing increase in encoding messenger RNA. Hepatology 1993;17:236-45.
23. French SW, Wong K, Jui L, Albano E, Hagbjork AL, Ingelman-Sund-
berg M. Effect of ethanol on cytochrome P450 2E1 (CYP2EL), lipid per-
oxidation, and serum protein adduct formation in relation to liver pathol-
ogy and pathogenesis. Exp Mol Pathol 1993;58:61-75.

24. Makin AJ, Williams R. Acetaminophen-induced acute liver failure. In:
Lee WM, Williams R, eds. Acute liver failure. Cambridge, England: Cam-
bridge University Press, 1997:32-42.

25. Wootton FT, Lee WM. Acetaminophen hepatotoxicity in the alcohol-
ic. South Med J 1990;83:1047-9.

26. Johnston SC, Pelletier LL Jr. Enhanced hepatotoxicity of acetamino-
phen in the alcoholic patient: two case reports and a review of the litera-
ture. Medicine (Baltimore) 1997;76:185-91.

Volume 337 Number 16 1117

Downloaded from www.nejm.org on December 1, 2008 . For personal use only. No other uses without permission.
Copyright © 1997 Massachusetts Medical Society. All rights reserved.



