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ABSTRACT

Background: Acetaminophen overdose is a frequent
cause of acute liver failure. Controversy exists over the
rare association of severe hepatotoxicity or acute liver
failure with therapeutic doses of acetaminophen.

Case summary: A 45-year-old white man weighing
85 kg with asymptomatic HIV, hepatitis B virus, and
hepatitis C virus (HCV) infection presented with signs of
severe hepatotoxicity: aspartate aminotransferase (AST),
8581 IU/L; alanine aminotransferase (ALT), 5433 TU/L;
L-lactate dehydrogenase, 13,641 IU/L; and prothrom-
bin international normalized ratio, 2.15. He reported
taking acetaminophen 1000 mg QID for the previous
4 days and 1000 mg that morning because of a febrile
illness. Immediate administration of continuous IV
N-acetylcysteine 150 mg/kg for the first 90 minutes and
then 50 mg/kg q4h for the next 3 days was followed
by clinical improvement and a rapid decrease in AST
and ALT. AST levels decreased from 8581 to 42 TU/L
within 11 days. Several potential risk factors for aceta-
minophen hepatotoxicity (ie, chronic alcohol, tobacco,
and opiate consumption, malnutrition, illness-induced
starvation, HIV infection, and HCV infection) were pres-
ent in this patient.

Conclusions: This patient with multiple risk factors and
severe hepatotoxicity after therapeutic dosage of aceta-
minophen was successfully treated with N-acetylcysteine.
(Clin Ther. 2006;28:755-760) Copyright © 2006 Excerpta
Medica Inc.
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INTRODUCTION
Intentional or unintentional overdose of acetamino-
phen (N-acetyl-para-aminophenol [APAP]) has become
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the most frequent cause of acute liver failure in the
United States, United Kingdom, and northern Europe.12
However, reports of severe hepatotoxicity or acute
liver failure after therapeutic doses of APAP have been
rare,®11 and not all reported cases are well document-
ed.12 Therefore, some experts are still not convinced
that this clinical entity exists.13-13

APAP is metabolized in the liver primarily by glu-
curonidation and sulfation.%12 With therapeutic doses
(<4 g daily), only 4% is converted by the cytochrome
P450 (CYP) system into the reactive toxic intermedi-
ate N-acetyl-p-benzoquinoneimine (NAPQI).!* This
toxic metabolite is rendered nontoxic by binding to
glutathione.!? In the case of APAP overdose, CYP en-
zyme induction, glutathione depletion, or the inhibi-
tion of glucuronidation, this reactive metabolite cannot
be sufficiently neutralized. Instead, NAPQI reacts with
the cysteine group of hepatocellular proteins, which
leads to the loss of cell function and cell death.12

NAPQI-protein adducts, released into the circula-
tion from the injured liver in patients who overdosed
APAP, can be detected, even if there are no large
increases in transaminase levels, by using a recently
introduced sensitive assay: high-performance liquid
chromatography with electrochemical detection. The
NAPQI-protein adducts serum concentration also
correlates significantly and positively with serum as-
partate aminotransferase (AST) activity.1é

Recent research from the Acute Liver Failure Study
Group revealed that in 4 (25%) of 12 indeterminate
cases of acute liver failure (in which no cause was dis-

Accepted for publication March 1, 2006.
doi:10.1016/j.clinthera.2006.05.002
0149-2918/06/$19.00

Printed in the USA. Reproduction in whole or part is not permitted.
Copyright © 2006 Excerpta Medica, Inc.

755



Clinical Therapeutics

cerned after extensive investigation), these NAPQI-
protein adducts could be detected, suggesting that APAP
toxicity might have been underestimated.!” Further-
more, 10 (38%) of 26 of patients with established acute
viral hepatitis A or B had detectable APAP drug levels,
not adducts. These patients had higher alanine amino-
transferase (ALT) levels, a higher prothrombin inter-
national normalized ratio (INR), and a higher death rate
compared with the non-APAP group, suggesting an
APAP injury.1® It was concluded that APAP was likely
a co-factor of at least 20% of the patients with viral
hepatitis—induced acute liver failure.18 In a study that
analyzed the risk factors for fulminant hepatitis A (hep-
atitis A virus [HAV] viral load, bilirubin level, gender,
HAV genotypes, APAP intake), of the 40 patients in
whom acetaminophen intake before admission was pre-
cisely documented, those with encephalopathy were
more likely to have taken APAP than those without it
(80% [8/10] vs 37% [11/30], respectively; P = 0.07).1?
In a case-control study investigating factors associated
with fulminant hepatitis B virus (HBV) infection (4 case
patients) compared with nonfulminant HBV infection
(9 control patients) among injection drug users,2°
100% of case patients took APAP during their illness
compared with 44% of the control patients (P = 0.04).

CASE SUMMARY

A 45-year-old white man with asymptomatic HIV,
HBYV, and hepatitis C virus (HCV) infection and a his-
tory of injection drug abuse presented with extreme
weakness and malaise that developed during a 4-day
febrile illness. Blood test results were surprising: AST,
6472 IU/L; serum I-lactate dehydrogenase (LDH),
10,829 TU/L; and bilirubin, 2.3 mg/dL. Eight hours later,
the liver enzymes had further increased to the follow-
ing values: AST, 8581 IU/L; serum ALT, 5433 IU/L;
LDH, 13,641 IU/L; and prothrombin INR, 2.15. Three
years earlier, he had been treated for pulmonary tuber-
culosis. After that, he had regular medical visits and
blood examinations, and his AST level was within the
normal range (<40 IU/L). The patient reported that
he smoked 20 cigarettes and consumed up to 1 L of
beer daily. He also stated that, 4 months earlie, he
had recommenced using IV heroin after abstaining for
2 years. Because of this change in lifestyle, his body
weight had dropped from 95 to 85 kg. He reported
that his temperature had risen to 40°C and he took
acetaminophen 1000 mg QID for 4 days and once
during the morning of his admission to the hospital.
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He also reported taking a single dose of twelve 2-mg
tablets of buprenorphine for withdrawal symptoms.
During the previous 4 days, the patient had starved
due to fever, malaise, and nausea.

APAP hepatotoxicity was considered in the differen-
tial diagnosis of this patient, because a patient had pre-
viously died at our hospital from acute liver failure after
therapeutic doses of APAP. In that deceased patient, the
characteristic confluent centrolobular liver cell necrosis
had been revealed at autopsy. In the current patient,
continuous IV administration of N-acetylcysteine was
started immediately at 150 mg/kg for the first 90 min-
utes and then 50 mg/kg q4h for the next 3 days. After
administration of 3 units of plasma, a central venous
catheter was inserted. Supportive treatment consisted
of continuous IV infusion with 2 L of 20% glucose
solution with electrolytes and 500 mL of a solution con-
taining branched-chain amino acids, vitamin K, suc-
ralfate, and methadone. Twenty-two hours after the
reported last intake of 1000 mg APAP, the patient’s
APAP blood level was 0.4 mg/L, corresponding to a
drug half-life of ~4 hours, which is double the normal
half-life of ~2 hours.'* A urinalysis was positive for
opiates but negative for cocaine and benzodiazepines.

After treatment with N-acetylcysteine, the AST, ALT,
and LDH values rapidly decreased to 42, 209, and
310 TU/L, respectively, within 11 days (Figure). Weakness,
malaise, and nausea disappeared and appetite returned.
In the first few days, the prothrombin INR increased
to 2.56 and bilirubin to 4.4 mg/dL, and albumin lev-
els decreased to 2.9 g/dL. The patient’s CD4 T-cell
count was 288/mm?, HIV-RNA was 2.560 copies/mL,
and HCV-RNA was 81,800 IU/mL. Tests for hepatit-
is D virus (HDV) antibody and hepatitis B surface anti-
gen tests yielded positive results. Tests for HBV-DNA,
hepatitis B core antigen immunoglobulin M, hepatitis
B ¢ antigen, HDV antigen, herpes simplex virus DNA,
and cytomegalovirus antigen pp63 all yielded nega-
tive results. There was no serologic evidence of acute
or recent infection with hepatitis A virus, herpes sim-
plex virus 6, cytomegalovirus, Epstein-Barr virus,
human parvovirus B19, adenovirus, or enterovirus.
The patient’s wife reported that during his 4-day febrile
illness, he took a total amount of 1.5 blister-pack
sheets of tablets from an old package and 2 full blister-
pack sheets that she had bought for him (1 package
contained 2 blister-pack sheets with 10 tablets on
each), corresponding to 34 tablets or 17,000 mg of
APAPD.

Volume 28 Number 5



O. Moling et al.

- LDH
Acetaminophen Acetaminophen & AST
1000 mg QID 1000 mg A ALT
15,000
jy
=
)
< 10,000
)
=2
s
W
E
R
c
u 5000~
.
B
=
4
H P
0 T T T T T T T T T T T T T T T T T
-5 -4 3 -2 - 0 1 2 3 4 5 6 7 8 9 0 11 12

Admission

Time (d)

Figure. Decline of liver enzymes after administration of continuous IV N-acetylcysteine 150 mg/kg for the first

90 minutes and then 50 mg/kg q4h for the next 3 days to a white man weighing 85 kg who presented with
signs of severe hepatotoxicity after taking therapeutic doses of acetaminophen for 4 days before and on
the morning of admission. LDH = L-lactate dehydrogenase; AST = aspartate aminotransferase; ALT = ala-

nine aminotransferase.

DISCUSSION

One problem in case reports of hepatotoxicity in-
duced by therapeutic doses of APAP is the reliability
of patients’ history regarding their recent APAP in-
take,1* except when APAP is administered in a hospi-
tal under direct observation.®10 In this case, the patient’s
wife independently agreed on the number of tablets
taken, after having counted the blister sheets. The de-
termination of APAP blood levels is important in as-
sessing the amount of drug ingested and in calculating
the drug half-life.1* A limitation of this report is that
the APAP blood level was not determined soon after
admission to the hospital (within 10 hours of the last
reported intake of APAP). This APAP blood concen-
tration, together with the measured APAP blood level
of 0.4 mg/L the next morning (22 hours after the last
reported intake of 1000 mg APAP), would have per-
mitted not only the calculation of APAP half-life in
the patient but also the verification of the reported
last APAP intake dose. However, these examinations
would not have permitted assessment of the amount
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of APAP taken in the previous 4 days. After absorp-
tion of 1000 mg of APAP in an 85 kg patient, assum-
ing a drug distribution of 1 kg/L,14 the APAP blood
level is calculated with the following formula: 1000 mg/
85 kg % 1 kg/L = 11.8 mg/L. With a drug half-life of
4 hours, a drug blood level of 11.8 mg/L would de-
cline to 0.36 mg/L within 20 hours. These concentra-
tions are consistent with those of the described patient.
Normal half-life of APAP is ~2 hours,* but consider-
ing the severe liver damage observed in this patient, a
prolonged half-life might be expected.

Other alternative etiologies for hepatotoxicity were
also explored. The liver enzyme pattern in the described
patient, and the high values of LDH, AST, and ALT
(Figure), were not indicative of an acute reactivation of
the patient’s HCV infection. More important, the rapid
decline of enzyme levels and the rapid clinical improve-
ment after N-acetylcysteine treatment suggest that this
was not a viral etiology. Despite having excluded alter-
native possible causes in this patient, doubts may exist
as to whether an unrecognized or unknown agent might
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have caused the acute liver damage. The diagnosis of
APAP hepatotoxicity could have been supported by de-
tecting NAPQI-protein adducts using high-performance
liquid chromatography with electrochemical determina-
tion. The presence of those adducts in the blood has been
shown to correlate with AST activity.1é Unfortunately,
that diagnostic possibility was unknown to the physicians
treating the patient at that time.

The role of risk factors and contributing factors to
APAP hepatotoxicity in this patient were also assessed.
Chronic alcohol use, malnutrition, starvation, and
CYP-enzyme-inducing drugs have all been associated
with APAP hepatotoxicity, and have been suggested as
risk factors in many studies and case reports.2-46-10.21
However, these results have not been confirmed in
a prospective, double-blind, randomized, placebo-
controlled trial or in other prospective trials.!322 This
has led to long-standing controversies.!1%23 How-
ever, even if hundreds of participants were included,
prospective randomized trials would not be appropri-
ate for determining risk factors for a disease with a
low hypothesized incidence (1 case in 1000 people to
1 case in 1,000,000 people). Theoretically, other than
an APAP overdose, anything that contributes to glu-
tathione depletion, CYP enzyme induction, or inhibi-
tion of glucuronidation should be considered a po-
tential risk factor for APAP hepatotoxicity in certain
undefined circumstances, such as those seen in this pa-
tient. In animal studies, it was suggested that chronic
alcohol use induced CYP2E1 enzymes and depleted
glutathione.Z!¥ Malnutrition and starvation can also
lead to glutathione depletion and to reduction of glu-
curonidation.é2! Even current tobacco use was found
to be a possible independent risk factor in severe hepa-
totoxicity, acute liver failure, and death after APAP
overdose.?* Tobacco smoke contains a number of sub-
stances that are potent inducers of CYP1A2.2* It has
also been suggested that phenobarbital and phenytoin
may increase APAP hepatotoxicity through inhibition
of APAP glucuronidation in cultured human hepato-
cytes.2s Older work suggested that central effects of
opiate agonists promote hepatic glutathione depletion
in mice.'? However, this issue has not been addressed
in humans.? Reduced glutathione levels have been
observed in HIV and HCV infection.26 Most of these
potential risk factors—chronic alcohol, tobacco, and
opiate consumption, malnutrition, illness-induced
starvation, HIV infection, and HCV infection—were
present in this patient’s case.
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However, because these risk factors are common,?!
but hepatotoxicity due to therapeutic doses of APAP
is rare,!2 unknown conditions may exist that pre-
dispose individuals to this severe clinical entity. Such
conditions may include enzyme polymorphism and
interindividual genetic variation of metabolic and
immunologic processes, such as the capacity to upreg-
ulate the generation of glutathione once its consump-
tion begins, or the capacity to sulfate and glucuronate
APAP. More complex mechanisms in APAP hepato-
toxicity are now emerging.!2 In addition to the reaction
of the toxic NAPQI metabolite with hepatocellular
proteins, further mechanisms are recognized. The de-
pletion of glutathione, caused by the NAPQI itself,
has effects on the neutralization of endogenous reac-
tive species, mitochondrial permeability, and the in-
duction of apoptosis. Furthermore, cytokines and
chemokines of the innate immune system are involved
in the damage and repair mechanisms.!2

The efficacy of N-acetylcysteine in the prevention
and treatment of hepatotoxicity after an APAP over-
dose has been well established.1%27 N-acetylcysteine
is most efficient if administered within 8 hours, but
it may offer some benefit even after 24 hours.™ In a
53-year-old hospitalized woman who developed se-
vere hepatotoxicity while receiving a recommended
dose of APAP (4000 mg/d) under medical supervision,
bilirubin levels and prothrombin time normalized after
2 days of treatment with N-acetylcysteine.1® Other re-
ported cases of acute hepatic failure associated with
therapeutic doses of APAP, and which did not receive
N-acetylcysteine, were fatal or required liver trans-
plantation.*8? In the patient being described here, a
rapid decline (AST, ALT, and LDH values decreased
from 8581, 5433, and 13,641 to 42, 209, and 310, re-
spectively, within 11 days) of the elevated liver enzymes
occurred (Figure), and clinical improvement was ob-
served after 3 days of N-acetylcysteine administration.
Anaphylactoid reactions are a rare adverse event asso-
ciated with N-acetylcysteine administration. Their in-
cidence depends on the route of administration (PO or
IV), velocity of administration, concentration of the
IV formula, or a combination of these factors.2

Based on this case, in patients with severe hepato-
toxicity related to therapeutic doses of APAP, immedi-
ate administration of N-acetylcysteine should be
considered because its potential benefit is likely to
outweigh the risk of adverse events. Blood should be
frozen, stored, and sent to a reference laboratory for
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detection of NAPQI-protein adducts. Additional blood
should be frozen and stored for future genetic analysis
of enzyme polymorphism and interindividual genetic
variation. Further diagnostic support—comprising
examination of blood for NAPQI-protein adducts,
the patient’s medical history, and clinical documen-
tation—will enable risk factors for this rare but severe
clinical entity to be better defined.

CONCLUSIONS

This patient with multiple risk factors and severe hepa-
totoxicity after therapeutic dosage of acetaminophen
was successfully treated with N-acetyleysteine.
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