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This article originally appeared in the November 23, 2009 issue of Emergency 
Medicine Reports. It was updated by Dr. Greg Wise in January 2011 with a 
revised editor’s note and executive summary.

In June 2009, the advisors of the U.S. Food and Drug Administration recom-
mended lowering the maximum dose of over-the counter acetaminophen, which 
is the key ingredient in such popular products such as Tylenol and Excedrin. The 
advisors were concerned that severe liver damage and even death can result from 
excessive ingestion of acetaminophen, which many consumers consider to be easier 
on the stomach than other medications and safe. The advisors recommended that 
the maximum daily dose of acetaminophen should be no more than 4 gm daily. 
The public is not thought to be sufficiently aware of the dangers of acetaminophen. 
Each year there are 56,000 emergency-room visits, 26,000 hospitalizations, and 
458 deaths resulting from acetaminophen overdoses. Acetaminophen is the leading 
cause of acute liver failure in the United States, causing some 1,600 cases per year. 
The advisors’ report, however, was not binding.

Now in January 2011, the FDA took action affecting only prescription drugs, 
not over-the-counter (OTC) medications. The FDA is requiring that within three 
years prescription pain drugs can contain no more than 325 mg of acetaminophen 
per pill or spoonful. Currently, some of these drugs contain as much as 750 mg of 
acetaminophen. 

Prescription pain drugs will carry the FDA’s strongest “black box” warning 
label. That label will warn of the risk of serious liver injury. 

Nearly all the prescription drugs affected by the FDA action combine acetamino-
phen with an opioid. Popular brand names include Vicodin, Percocet, Lortab, 
Fioricet, and Roxicet. This issue reviews the consequences of acetaminophen toxicity. 
In light of these recommendations, primary care physicians need to better educate 
their patients regarding the dangers of acetaminophen and the need to be especially 
attentive to OTC drugs containing acetaminophen. The FDA’s safety announce-
ment can be found at the following URL: http://www.fda.gov/Drugs/DrugSafety/
ucm239821.htm. 

—The Editor

Epidemiology
Acetaminophen, also known as paracetamol outside of the United States, was 

first discovered in the 1890s. Nearly 70 years passed before acetaminophen was 
first marketed as an analgesic or antipyretic. It was not until 1966 that Davidson 
described two cases of hepatotoxicity following acetaminophen ingestion.1

That same year, Thomason and colleagues also described a case of hepatotoxic-
ity after paracetamol overdose.2 In the subsequent decades, as acetaminophen 
usage and overdoses became more prevalent, its potential to cause hepatotoxic-
ity became well known. Today, acetaminophen is one of the most commonly 
used drugs in the treatment of pain or fever.3 Acetaminophen is available in a 
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• Although acetaminophen was first marketed as an analge-
sic or antipyretic, it was not until 1966 that hepatotoxicity 
was described following acetaminophen ingestion.

• Acetaminophen’s popularity is usually ascribed to its 
being thought to be a safer alternative to aspirin, which is 
associated with Reye’s syndrome and gastric toxicity.

• Following ingestion, about 4% of acetaminophen is 
excreted unchanged in the urine, 45-55% metabolized 
through glucuronidation, and 20-30% by sulfonation.

• The risk of hepatotoxicity is exceedingly low if 
N-acetylcysteine is administered within the first 8 hours of 
the overdose.

• Because the early symptoms of toxicity can be vague and 
because acetaminophen can be found in so many medi-
cations, acetaminophen levels should be measured in all 
known or suspected overdoses.

• Once given, N-acetylcysteine should be continued until 
one of the following endpoints occurs: clinical and labora-
tory improvement; the patient receives a liver transplant; or 
death. 

Executive Summary

liquid preparation as well as in 325 
mg, 500 mg, and 650 mg formula-
tions. It is also combined with other 
drugs in nearly 200 different prepa-
rations.4 Frequently, acetaminophen 
is combined with codeine, propoxy-
phene (darvocet), hydrocodone 
(vicodin), and oxycodone (Percocet).  

Much of the increased popular-
ity of acetaminophen can be traced 
back to the desire to find a safer 
analgesic after salicylates were 
linked with Reye’s syndrome in the 
1980s.5 Since the 1980s, the use of 
acetaminophen and acetaminophen-
containing products has increased 
substantially. In 2007, U.S. Poison 
Control Centers received more than 
94,000 calls involving acetamino-
phen. Of these patients, acetamino-
phen was believed to be responsible 
for 348 deaths.6 Furthermore, nearly 
half of all cases of acute liver failure 
in the United States are believed to 
be due to acetaminophen.5 

In recent months, there has been 
increased attention on the potential 
for hepatotoxicity following acet-
aminophen overdose. As a result, 
an advisory committee to the U.S. 
Food and Drug Administration 
(FDA) has recently begun hearings 
concerning acetaminophen and acet-
aminophen-induced hepatotoxicity.7 
This concern, however, is not based 
on new data. The Medical Letter on 
Drugs and Therapeutics originally 
conducted an extensive review on 
acetaminophen toxicity in 2002. In 
light of the FDA’s hearings, the same 

group re-reviewed the literature and 
concluded there were no new data 
available in 2009 than there were 
during the original 2002 review.8 

Pharmacokinetics/ 
Pharmacodynamics

Following ingestion, acetamino-
phen is rapidly absorbed from the 
gastrointestinal tract. It has a rela-
tively low volume of distribution 
(0.8-1.0 L/kg) and is 25% protein-
bound.4 The half-life of acetamino-
phen is approximately 1.5-2.5 hours, 
although it can be slightly prolonged 
at supratherapeutic concentrations.9 

Following ingestion, approximately 
4% of the ingested acetaminophen 
is excreted unchanged in the urine, 
while the remainder is metabolized 
in the liver.10-11 In adults, 45-55% of 
acetaminophen is glucuronidated, 
while 20-30% is sulfonated.4 In 
pediatric patients, however, sulfation 
is the primary pathway, and gluc-
uronidation is a minor component.12 
The remainder of acetaminophen 
is metabolized via the cytochrome 
P450 isoenzyme CYP2E1 to form 
a substance called N-acetyl-para-
benzoquinoneimine (NAPQI). 
Normally, the body’s endogenous 
glutathione supplies are able to bind 
to and reduce NAPQI, resulting in 
renal excretion in the form of cys-
teine or mercaptopuric acid conju-
gates.11,13 In the setting of overdose, 
however, the NAPQI production 
exceeds the body’s endogenous glu-
tathione supply, and hepatotoxicity 

can result.4,11

Recently, research has dem-
onstrated acetaminophen as a 
mitochondrial toxin. There are 
emerging data that NAPQI results 
in post-translational modifications of 
selected proteins involved in cellular 
and mitochondrial regulation and 
respiration.14 Ultimately a change in 
the membrane permeability occurs, 
resulting in impaired ATP synthe-
sis and extrusion of mitochondrial 
proteins into the cellular cytoplasm. 
Cellular demise ultimately occurs.15 

Histology of Liver Failure
Similar to several other toxins, 

acetaminophen can result in a rela-
tively distinctive histologic pattern: 
centrilobular necrosis with passive 
congestion with scattered leukocytes 
without fatty infiltration.16 These 
areas of necrosis are characteristi-
cally followed by rapid disappearance 
of necrotic cells, which results in 
reticulin collapse. Among those who 
survive, there is a marked histologic 
recovery.17 Central lobular (zone 
three) necrosis can be seen with a 
number of toxic insults, including 
poisoning from Amaninta mush-
rooms, carbon tetrachloride, and 
copper, as well as with shock liver.  

Risk Factors for Liver 
Failure

As previously stated, acetamino-
phen’s toxicity is due to the metabo-
lism to NAPQI by the cytochrome 
P450 isoenzyme CYP2E1. Thus, any 



www.ahcmedia.com  Primary Care Reports / Volume 17, Number 2 / February 2011 15

xenobiotic that induces the P450 
isoenzyme CYP2E1 can theoretically 
increase the risk for acetaminophen-
induced hepatotoxicity. Perhaps 
one of the best-studied agents for 
inducing CYP2E1 is ethanol. Thus, 
chronic ethanol consumption leads 
to increased CYP2E1 activity and, 
in theory, subsequently increases the 
risk of hepatotoxicity (see Special 
Populations below).18 In contrast, 
the co-ingestion of ethanol with 

acetaminophen may result in inhibi-
tion of the microsomal oxidation 
of acetaminophen, thereby provid-
ing some degree of protection from 
acetaminophen-induced hepatotoxic-
ity during acute intoxication.19 The 
strongest risk factor for developing 
hepatotoxicity, however, is the time 
from a toxic ingestion until the 
antidote, N-acetylcysteine, is admin-
istered. The risk of hepatotoxicity 
if N-acetylcysteine is started within 

the first eight hours of the overdose 
is exceedingly low, while the risk 
increases substantially with delays 
longer than eight hours.10  

Clinical Presentation
Acute acetaminophen toxicity 

traditionally has been divided into 
four stages, with the time of each 
stage being approximate. The first 
stage, which occurs during the first 
24 hours of overdose, primarily 
results in gastrointestinal symptoms. 
Nausea, vomiting, and anorexia are 
common. Right upper quadrant pain 
can begin toward the end of this 
stage. Patients can be asymptomatic, 
however, for much of this first stage. 
Because acetaminophen poisoning is 
common, and because early poison-
ing can be occult, most experts rec-
ommend obtaining acetaminophen 
levels on almost all acute intentional 
ingestions. The patient can remain 
asymptomatic or at least relatively 
asymptomatic in this stage; therefore, 
a high index of suspicion is needed 
to diagnose acetaminophen toxic-
ity in a patient who is not admitting 
to an acetaminophen overdose. The 
second stage, which occurs from 
24-72 hours post-ingestion, is char-
acterized by the initial development 
of hepatic failure. While the vomit-
ing and anorexia that are commonly 
encountered in the first stage can 
improve, right upper quadrant pain 
and tenderness frequently develop. 
Elevations of liver transaminases 
(AST and ALT) are common, and 
severe cases may develop metabolic 
acidosis (elevated lactate) and syn-
thetic dysfunction (prolongation of 
the prothrombin time) at this stage. 
During the third phase, which can 
begin as early as 72 hours post-
ingestion, the clinical symptoms 
depend on the degree of liver failure. 
Patients can remain relatively asymp-
tomatic or can develop fulminant 
hepatic failure. Coma, encepha-
lopathy, renal failure, coagulopathy, 
severe metabolic acidosis, and hypo-
glycemia can occur.10,15 At this stage, 
patients will either improve or will 
continue to worsen until they either 
die or receive a liver transplant. Stage 
four is characterized by resolution of 

Table 1: Differential Diagnosis: Well-known Etiologies of 
Fulminant Hepatic Failure
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liver damage. Thus, following stage 
III, the patient will either die or will 
have a complete recovery (stage IV). 
Unlike other causes of hepatic injury 
(e.g., alcohol-induced cirrhosis), 
acetaminophen-induced liver injury 
is not associated with long-term liver 
damage, assuming recovery occurs. 

Typically, the transaminitis is 
markedly elevated, and the aspirate 
aminotransferase (AST) can often 
exceed 10,000 IU/L. Frequently, 
one can observe a rise in the AST 
before the ALT. Metabolic acido-
sis and coagulopathy are common. 
Thrombocytopenia can occur,20 
although its clinical significance is 
unclear. Hypophosphatemia can 
occur, and the degree of hypo-
phosphatemia is directly correlated 
with the severity of the overdose.21 
The degree of transaminases eleva-
tion does not predict outcome, but 
metabolic acidosis, synthetic dysfunc-
tion, renal insufficiency, and hepatic 
encephalopathy are independent pre-
dictors of death without transplant.22 

Uncommonly, a significant anion-
gap metabolic acidosis can occur 

early following massive acetamino-
phen ingestion. This early acidosis 
may result from the production 
and accumulation of 5-oxoproline 
(pyroglutamic acid).23 This acidosis 
is distinct from the acidosis that can 
develop late as part of fulminant 
hepatic failure, in which accumulat-
ing lactic acid is the primary etiol-
ogy. Other uncommon features of 
acetaminophen poisoning are the 
development of pancreatitis or renal 
failure. While renal failure frequently 
can be encountered in the setting 
of hepatic failure, it can also occur, 
albeit uncommonly, in the absence of 
hepatic failure.24 Because the kidneys 
possess cytochrome P450, including 
the isoenzyme CYP2E1, it is pos-
sible that NAPQI production in the 
kidney causes direct renal injury.25 In 
treating a patient with severe acidosis 
following acetaminophen toxic-
ity, it is prudent to rule out other 
potentially deadly treatable causes of 
anion-gap metabolic acidosis, such 
as salicylate poisoning, toxic alco-
hols, metformin ingestion, or shock, 
before attributing accumulation of 

5-oxoproline as the cause.

Diagnosis and Treatment
The diagnosis of acetamino-

phen toxicity relies on history and 
laboratory studies. Because of 
vague symptoms in the early stage 
of acetaminophen toxicity, along 
with patients’ occasional inadvertent 
confusion of acetaminophen, ibu-
profen, and salicylates, it is recom-
mended that all known or suspected 
overdoses have an acetaminophen 
level drawn. In addition, when one 
encounters a new diagnosis of hepa-
titis, a thorough medication history 
should be obtained. Because acet-
aminophen is present in so many 
different pharmaceutical agents, a 
patient may inadvertently overdose 
on acetaminophen by consuming 
multiple acetaminophen-containing 
products, each at the recommended 
dosage.  

The need for treatment depends 
on the history, the physical exami-
nation, and laboratory studies. If 
treatment is desired, the preferred 
antidote is N-acetylcysteine, which 

Figure 1: The Rumack-Matthew Nomogram
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was first proposed as a treatment for 
acetaminophen toxicity in 1974.26 
An original paracetamol nomogram 
for acute poisoning was developed 
in Edinburgh, Scotland, in which 
a line on a semi-logarithmic graph 
joined two points: 200 mcg/dL 
at four hours and 30 mcg/dL at 
15 hours.27 In the United States, 
in order to improve sensitivity, the 
line was reduced by 25%.28 This 
revised nomogram uses a threshold 
of 150 mcg/mL at four hours after 
ingestion, and 75 mcg/mL eight 
hours after ingestion to determine 
the treatment line. Therefore, any 
detectable acetaminophen 24 hours 
or more after ingestion is an indi-
cation for treatment. This revised 
nomogram, which is the standard 
used in the United States, is referred 
to as the Rumack-Matthew nomo-
gram. (See Figure 1.) Treatment with 
N-acetylcysteine is indicated when 
the acetaminophen concentration 
is above the line on the Rumack-
Matthew nomogram.  

As with nearly any ingestion, the 
topic of gastrointestinal decontami-
nation remains controversial. There 
is no role for the administration of 
syrup of ipecac in the emergency 
department management of acet-
aminophen ingestions or any over-
dose.10 Similarly, based on the risks 
and benefits, gastric lavage should 
not be used in the management of 
acetaminophen ingestions.29 There 
has been concern over the co-
administration of activated charcoal 
with N-acetylcysteine. Specifically, 
some have raised concerns that the 
N-acetylcysteine will be absorbed 
by the charcoal, thus yielding 
sub-optimal concentrations of 

N-acetylcysteine. Spiller et al. exam-
ined this in a non-randomized trial 
and found no worse outcomes in 
those who received charcoal.30 Most 
likely, while the co-administration of 
charcoal with oral N-acetylcysteine 
does result in some decrease 
in the area under the curve of 
N-acetylcysteine, it is unlikely to be 
of any clinical consequence.10

N-acetylcysteine, the antidote of 
choice for acetaminophen poison-
ing, acts as a free-radical scavenger 
as well as a gulathione substrate.31 
Historically, N-acetylcysteine 
has been available in the United 
States only as an oral preparation, 
which is marketed under the name 
Mucomyst. While many differ-
ent treatment durations have been 
proposed, the FDA-approved dos-
ing regimen involves 140 mg/
kg, followed by 70 mg/kg every 
four hours for 17 doses. This regi-
men requires 72 hours to complete. 
More recently, many other dosing 
strategies have been developed that 
involve less duration of therapy, 
and hence shorter hospital stays. In 
an observational study using oral 
N-acetylcysteine, Woo and col-
leagues demonstrated that a 36-hour 
course can be safe and effective.32 
Similarly, Betten and colleagues dem-
onstrated a 20-48 hour course of 
oral N-acetylcysteine can be safe and 
effective, although 4% of the patients 
had persistent abdominal pain after 
discharge with the shorter regimen.33 
However, it should be noted that 
none of the patients in their study 
required readmission for these symp-
toms. Because both acetaminophen 
poisoning and oral N-acetylcysteine 
administration can cause nausea and 

vomiting, the administration of an 
oral antidote can be problematic in 
this setting. 

In 2004, the FDA approved 
Acetadote™, an intravenous 
N-acetylcysteine preparation. The 
intravenous route provides a safe 
and highly effective means to admin-
ister the antidote34-35 and has been 
the standard treatment modality in 
Europe for more than 30 years. The 
major adverse effect associated with 
the intravenous therapy, however, is 
the development of anaphylactoid 
reactions. Thus, the current FDA-
approved regimen involves 150 
mg/kg intravenously over 1 hour, 
followed by 12.5 mg/kg/hr for 4 
hours, followed by 6.25 mg/kg/
hr for 16 hours. While the anaphy-
lactoid reactions are usually mild, at 
least one report of death in a “brittle 
asthmatic,” as the authors describe, 
has resulted from the intravenous 
administration of N-acetylcysteine.36 

Overall, however, anaphylactoid 
reactions typically are minor and 
can be treated easily with tempo-
rary discontinuation of the drug, 
along with the administration of 
diphenhydramine. Following the 
administration of diphenhydramine 
and improvement of symptoms, the 
infusion of N-acetylcysteine usually 
can be restarted without significant 
difficulty.37 Interestingly, the inci-
dence of anaphylactoid reactions 
appears to be lower with high con-
centrations of acetaminophen.38-40 
Prior to the availability of an intra-
venous N-acetylcysteine preparation 
in the United States (Acetadote™), 
patients who could not tolerate oral 
N-acetylcysteine were commonly 
treated by intravenous infusion of 
the oral preparation, filtered through 
a 0.22 micron filter.41 

As a general rule, once the deci-
sion to treat has been made, repeat 
acetaminophen levels are unneces-
sary, except in cases of exceedingly 
high initial concentrations. Although 
the FDA-approved dosing regimens 
are of fixed durations, virtually all 
experts recommend tailoring the 
duration of therapy to the patient’s 
clinical condition. After the patient 
has received at least 21-24 hours 

Table 2: Common Pitfalls in Management 
of Acetaminophen Toxicity
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of therapy, transaminases and pro-
thrombin level should be rechecked 
before discontinuing therapy. If the 
liver functions and prothrombin 
time are normal, and the patient 
is clinically well (neither vomit-
ing nor complaining of abdominal 
pain), the N-acetylcysteine can be 
discontinued. Some institutions also 
recommend checking a repeat acet-
aminophen level before discontinu-
ing therapy, although that is neither 
our practice nor an evidence-based 
practice.

It is important to recall that the 
Rumack-Matthew nomogram was 
designed for a single acute inges-
tion when the phlebotomy occurs 
between four and 24 hours post-
ingestion. Many times patients do 
not present following a single acute 
ingestion, but rather consume some 
pills and a few hours later consume 
additional pills. In this case, in order 
to use the nomogram, the safest 
method is to assume all pills were 
ingested at the first time, and plot 
the level based on that time. For 
example, if a patient ingested 10 
tablets of acetaminophen at noon 
and an additional 10 tablets at 1:00, 
an acetaminophen level should be 
obtained at 5:00, and treatment 
should be started if the concen-
tration is above the line on the 
nomogram.

Not uncommonly, patients will 
present with an unknown time 
of ingestion. Occasionally this is 
because the patient is unwilling 
to tell, but more often this occurs 
in mixed ingestions in which the 
patient is encephalopathic or intu-
bated and therefore not able to pro-
vide much history. In these cases, an 
acetaminophen level, liver function 
tests, and a prothrombin time (PT) 
should be obtained. If there is no 
detectable acetaminophen, and the 
liver functions and PT are normal, 
no treatment for the acetaminophen 
ingestion is needed. If there is any 
detectable acetaminophen, or if 
there are elevated transaminases or 
PT, treatment with N-acetylcysteine 
is indicated. Chronic ingestions in 
which the patients have taken supra-
therapeutic ingestions for several 

days should be managed the same 
as when the time of ingestion is not 
known.  

As previously stated, the risk 
of hepatotoxicity increases when 
N-acetylcysteine is started more than 
eight hours post-ingestion. Thus, if 
a patient presents to the emergency 
department shortly after ingestion, 
N-acetylcysteine does not need to 
be started until an acetaminophen 
concentration can be plotted on the 
Rumack-Matthew nomogram. For 
example, if a patient presents two 
hours following an acetaminophen 
ingestion, N-acetylcysteine does not 
need to be started immediately but, 
rather, it is reasonable to wait for 
the four-hour concentration. If the 
patient presents close to eight hours, 
however, and an acetaminophen con-
centration cannot be obtained before 
the 8-hour time mark, one should 
consider empiric administration of 
N-acetylcysteine while waiting for 
the acetaminophen concentration to 
return. 

Because of its low volume of 
distribution and minimal protein 
binding, acetaminophen can be 
removed via hemodialysis. Because 
N-acetylcysteine is so effective in 
the management of acetaminophen 
toxicity, the role for extracorpo-
real removal is minimal. However, 
it should be noted that in cases of 
massive acetaminophen ingestions, 
extracorporeal elimination can be 
considered,42 especially if there is a 
co-existing metabolic acidosis. 

In 1994, McNeil Pharmaceuticals 
released an “extended-release formu-
lation” of acetaminophen marketed 
under the name Tylenol Extended 
Relief™. This bi-layered capsule 
contained 325 mg of acetaminophen 
that was immediately available, and 
an additional 325 mg that was avail-
able after the bilayer capsule was 
penetrated. However, because the 
pharmacokinetic profile between the 
regular-release and the extended-
release formulation are similar, it 
appears both safe and reasonable to 
use a single four-hour acetamino-
phen concentration and determine 
treatment based on the Rumack-
Matthew nomogram for either the 

regular-release or the extended-
release acetaminophen products.10  

Differential Diagnosis
While the diagnosis of acetamin-

ophen-induced liver failure may be 
obvious in a patient who presents 
with a suicide note and an empty 
bottle of acetaminophen, frequently 
the emergency physician is con-
fronted with a patient in liver failure 
with no history of overdose. In these 
cases, the acetaminophen concentra-
tion is often negative, as it has been 
metabolized completely by the time 
hepatic failure occurs. Nonetheless, it 
is important to consider acetamino-
phen on the differential diagnosis of 
any patient with hepatic failure.  

While many drugs can cause a 
toxin-induced hepatitis, fewer xeno-
biotics can cause fulminant hepatic 
failure. Among these drugs are acet-
aminophen, amoxicillin-clavulanate, 
isoniazid, nitrofurantoin, iron, herb-
als (e.g. pennyroyal and chaparral), 
non-steroidal anti-inflammatory 
medications (especially diclofenac or 
sulindac), phenytoin, and the thia-
zolidinedione troglitazone. In addi-
tion, the recreational drugs cocaine 
and 3,4-methylenedioxymetham-
phetamine (MDMA or ecstasy), as 
well as carbon tetrachloride, white 
phosphorus, arsenic, thallium, and 
borates can cause acute hepatic 
failure. It should be noted that the 
cause of acute hepatic failure is dose-
dependent in some of these agents 
(e.g. acetaminophen), yet is idiosyn-
cratic with other agents (e.g. tro-
glitazone). Furthermore, any drug 
that produces profound hypotension 
can result in hepatic failure from 
shock liver. In addition, many drugs, 
such as the HMG-CoA reductase 
inhibitors (“statins”) can cause a liver 
injury, but not fulminant hepatic 
failure.  

While a full review of all causes of 
hepatic failure is beyond the scope of 
this paper, the emergency physician 
should always consider infectious 
etiologies (e.g., hepatitis B, hepatitis 
C, Epstein Barr virus [EBV], herpes 
simplex virus [HSV], and cyto-
megalovirus [CMV]). Other causes 
include vascular etiologies (e.g., 
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Budd-Chiari syndrome, ischemic 
hepatitis, veno-occlusive disorders), 
and miscellaneous etiologies such as 
Wilson’s disease, autoimmune hepa-
titis, fatty liver of pregnancy, heat 
stroke, and HELLP syndrome. 

While the history may be help-
ful in distinguishing the etiology 
of fulminant hepatic failure, several 
additional laboratory features might 
be helpful as well. Frequently, the 
asparate aminotransferase (AST) 
rises faster and peaks sooner than 
the alanine aminotransferase (ALT). 
In addition, unlike some other eti-
ologies of hepatic failure, there is 
synthetic dysfunction occurring as 
well, which results in a rise in the 
prothrombin time.  

Liver Failure
The greatest concern follow-

ing acetaminophen ingestions is 
the potential to develop hepato-
toxicity. The risk of hepatotoxic-
ity is substantially increased when 
N-acetylcysteine therapy is begun 
more than 8-10 hours post-inges-
tion.43 The development of liver fail-
ure is characterized not only by the 
development of transaminitis, but 
also encephalopathy, acidosis, renal 
failure, coagulopathy, and hypogly-
cemia. The proximate cause of death 
in acetaminophen-induced hepatic 
failure is usually cerebral edema. 

N-acetylcysteine should be con-
tinued until one of three major 
endpoints happens: clinical and 
laboratory improvement; the patient 
receives a liver transplant; or death. 
The clinical improvement is primar-
ily characterized as resolution of 
encephalopathy, while the laboratory 
improvement includes improvement 
in the alanine aminotransferase, 
prothrombin time, and creatinine.13 
While one recent study in mice has 
questioned the benefit of continued 
therapy with N-acetylcysteine,44 the 
use of prolonged acetylcysteine dos-
ing is supported by a randomized 
human clinical trial.45 

Raschke and colleagues recently 
published a protocol for manage-
ment of patients in fulminant liver 
failure. In their series of 22 patients 
with fulminant liver failure and a 

grade three or four encephalopathy, 
12/22 (55%) were due to acetamin-
ophen. In addition to acetylcysteine, 
their protocol involved placement 
of an intracranial pressure monitor, 
aggressive management of intracra-
nial hypertension, and vasopressors 
titration. This strategy was associ-
ated with good clinical outcomes 
among the 18 transplant candidates, 
including those who did not ulti-
mately receive a liver transplant.46 
Importantly, none of the patients 
died from cerebral edema, which is 
the most common cause of death in 
acetaminophen overdose. 

Special Populations
Pregnancy. Acetaminophen readily 

crosses the placenta, which places the 
fetus at potential risk of hepatotoxic-
ity.11,47 However, because NAPQI 
does not cross the placenta, the fetus 
itself must metabolize the acetamin-
ophen in order for hepatotoxicity 
to occur. The fetus is able to start 
metabolizing acetaminophen into 
both toxic and non-toxic metabolites 
beginning at approximately 18 weeks 
gestational age.11 N-acetylcysteine 
does cross the placenta in both ani-
mal models48 and humans,49 and its 
use is indicated in pregnant women 
whose serum concentration is above 
the treatment line on the Rumak-
Matthew nomogram. Fetal outcome 
appears to be worse with delays in 
commencing N-acetylcysteine.50 

Alcoholics. Chronic alcohol con-
sumption results in depletion of 
hepatic glutathione and upregula-
tion of CYP2E1,18 the isoenzyme 
which metabolizes acetaminophen 
to NAPQI. As such, there is con-
cern that chronic alcoholics may be 
more susceptible to acetaminophen-
induced hepatotoxicity. Kuffner and 
colleagues examined the effects of 
administering 4 grams of acetamino-
phen daily to alcoholics entering an 
alcohol detox facility. These patients 
are hypothesized to be at the high-
est risk of hepatotoxicity, as at the 
time these patients enter a detox 
facility, they likely have their low-
est glutathione supplies while being 
at maximal induction of CYP2E1. 
While at the maximal recommended 

daily dose, they failed to demonstrate 
any increased risk of hepatotoxic-
ity, including in those patients with 
alcoholic hepatitis.51-52 However, 
chronic alcohol abuse is associated 
with worsened outcomes in acute 
acetaminophen poisoning.53 

Opiates. Watkins and colleagues 
attempted to determine if the co-
administration of opiates along with 
acetaminophen resulted in increased 
hepatotoxicity. In their study, 147 
patients were randomized to receive 
either placebo, acetaminophen, mor-
phine and acetaminophen, hydro-
morphone and acetaminophen, or 
oxycodone and acetaminophen. All 
patients who received acetaminophen 
received 4 grams daily. Among the 
placebo, only 1 patient had a rise 
in the ALT twice the upper limit of 
normal. In contrast, more than 19% 
of participants in each of the four 
active treatment groups had an ALT 
five times the upper limit of normal. 
All three of the opioid/acetamino-
phen treatments frequently resulted 
in elevation of the ALT.54 Thus, the 
addition of opiates to acetaminophen 
at doses of 4 grams daily did not 
produce any increase in the incidence 
of subclinical hepatotoxicity. 

Pediatrics. Pediatric patients 
appear to be somewhat resistant to 
acetaminophen-induced hepatotox-
icity when compared with adults.55 
It appears that the increased rate 
of sulfation along with possibly an 
increased relative size of the liver, 
affords some hepato-protective 
effects to pediatric patients. In fact, 
many authors have suggested that 
200 mg/kg should be the potentially 
hepatic-toxic dose in pediatrics, as 
compared with the lower dose for 
adults.55-57  

Prognosis
In general, patients who have 

N-acetylcysteine started within 
8 hours of the overdose will do 
well. Once hepatic injury occurs, 
the King’s College Criteria can be 
used to help predict which patients 
may benefit from liver transplant.58 
According to these criteria, patients 
should be considered for liver trans-
plant if 24 hours after admission the 
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arterial pH is less than 7.25 after 
fluid resuscitation, or if there is a 
combination of a prothrombin time 
longer than 100 seconds, grade III 
or IV encephalopathy, and a serum 
creatinine higher than 3.4 mg/dL.58 

Prevention
Because of the risk of hepatotoxic-

ity following overdoses on acetamin-
ophen, various strategies have been 
proposed to reduce the availability of 
the drug. One such strategy involved 
limiting the number of acetamino-
phen tablets that could be sold in 
an individual package. In 1988, the 
government of the United Kingdom 
(UK) reduced the number of tablets 
of acetaminophen that could be sold 
outside a pharmacy to 16 tablets or 
capsules. Several studies have exam-
ined the effectiveness of such a strat-
egy and have found mixed results. 
Thus, it is not clear if reducing the 
number of tablets per box is associ-
ated with an overall reduction in 
toxicity.59

Pitfalls in Management
There are several common scenar-

ios in which mistakes in management 
commonly occur. Perhaps the most 
common source of error is failure to 
interpret the acetaminophen level 
in the context of the time ingested. 
A single acetaminophen level is 
not helpful without knowing the 
time of ingestion. Thus, it is criti-
cal to interpret the acetaminophen 
level based on the time of ingestion 
and plot the concentration on the 
Rumack-Matthew nomogram. If 
the time of ingestion is not known, 
it is important that the patient be 
started on N-acetylcysteine if any 
acetaminophen is detected or if there 
are abnormal liver function tests or 
prothrombin time.  

A second common source of error 
is discontinuing the N-acetylcysteine 
at 21 hours simply because the time 
course for therapy is over. If the 
patient is having rising liver function 
tests or persistent right upper quad-
rant tenderness, then therapy with 
N-acetylcysteine should be continued 
until these are improving. Patients 
meeting criteria for transplantation 

should be referred when indicated. A 
third common source of error for the 
physician is failure to exclude other 
ingestions. Even if a patient admits 
to ingesting acetaminophen, other 
potentially life-threatening inges-
tions, including salicylates, need to 
be evaluated in all patients. Lastly, a 
common source of error for the phy-
sician is failure to obtain appropriate 
psychiatry consult when indicated. 
If a patient is being admitted to the 
hospital, then the consultation can 
be done once the patient is admit-
ted, but if the initial acetaminophen 
level does not warrant therapy and 
the patient is to be medically cleared 
from the emergency department, it 
is important to obtain a psychiatric 
consultation if indicated.  

Summary
Acetaminophen overdose remains 

a common cause of hepatic failure. 
To ensure optimal care, the diagnosis 
must be made early, and treatment 
started within 8 hours. With prompt 
treatment with N-acetylcysteine, the 
incidence of hepatic failure can be 
reduced.  
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Physician CME Questions

7. Which of the following statements 
accurately describes the risk of 
hepatic failure following acet-
aminophen overdose?
A. If N-acetylcysteine is started 

more than 2 hours post-inges-
tion, the risk of hepatic failure 
begins to increase.

B. If N-acetylcysteine is started 
more than 4 hours post-inges-
tion, the risk of hepatic failure 
begins to increase.

C. If N-acetylcysteine is started 
more than 6 hours post-inges-
tion, the risk of hepatic failure 
begins to increase.

D. If N-acetylcysteine is started 
more than 8 hours post-inges-
tion, the risk of hepatic failure 
begins to increase.

E. The risk of hepatic failure is 
dependent on the amount of 
ingestion, not the time before 
antidotal therapy is started.

8. Which of the following 
describes the histologic pat-
tern of acetaminophen-induced 
hepatotoxicity?
A. Zone I (periportal) is involved 

primarily.
B. Zone II is involved primarily.
C. Zone III (centrilobular) is 

involved primarily.
D. Zone I and II, but not zone 

III, are primarily involved.
E. The entire liver (panlobular) is 

involved equally. 

9. Acetaminophen itself is not toxic, 
but rather one of the metabolites 
is toxic. Which metabolic path-
way is responsible for producing 
the hepatotoxic N-acetyl-para-
benzoquinoneimine (NAPQI)?
A. the product of glucuronida-

tion
B. the product of sulfonation
C. the product of the CYP isoen-

zyme 2E1
D. the product of the CYP isoen-

zyme 2D6

E. All metabolites are equally 
toxic.

10. The King’s College Criteria for 
liver transplant in acetaminophen 
ingestions rely on several labora-
tory features. Which of the fol-
lowing is one of the criteria?
A. a pH less than 7.25 after fluid 

resuscitation
B. a pH less than 7.00
C. an alanine aminotransferase 

(ALT) greater than 10,000 
IU/L

D. an asparate aminotransferase 
(AST) greater than 5,000 
IU/L

E. a prothrombin time greater 
than 50 seconds 

11. In which scenario can 
N-acetylcysteine be safely 
discontinued?
A. A patient completes a 

21-hour course of intravenous 
N-acetylcysteine but is con-
tinuing to vomit.

B. A patient completes a 21-hour 
course of N-acetylcysteine and 
is asymptomatic with normal 
laboratory studies.

C. A patient completes a 21-hour 
course of N-acetylcysteine but 
has increasing liver function 
tests.

D. A patient completes a 72-hour 
course of oral N-acetylcysteine 
but continues to vomit.

E. All of the above, as long as the 
21-hour intravenous course or 
72-hour oral course are com-
pleted.

12. Which statement best describes 
the interaction of acetaminophen 
and ethanol?
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A. In patients with chronic alco-
hol abuse, therapeutic doses 
of acetaminophen increase the 
incidence of hepatotoxicity.

B. In patients with acute alco-
hol ingestion, the severity of 
hepatotoxicity following an 
acetaminophen overdose may 
be less.

C. In patients with acute alco-
hol ingestion, the severity of 
hepatotoxicity following an 
acetaminophen overdose is 
greater.

D. In patients with acute alcohol 
intoxication, the metabolism 
of acetaminophen is pro-
longed.

13. What is the earliest time when an 
acetaminophen concentration can 
be obtained and plotted on the 
Rumack-Matthew nomogram?
A. 1 hour post-ingestion
B. 2 hours post-ingestion
C. 4 hours post-ingestion
D. 6 hours post-ingestion
E. 8 hours post-ingestion

14. What is the most common proxi-
mate cause of death in acetamin-
ophen-induced hepatic failure?
A. myocardial infarction
B. adult respiratory distress syn-

drome (ARDS)
C. overwhelming infection with 

septic shock
D. pulmonary embolism
E. cerebral edema 

15. Which of the following state-
ments accurately describes 
acetaminophen overdose in 
pregnancy?
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A. An overdose is extremely dan-
gerous, as acetaminophen is 
clearly a potent teratogen.

B. Overdose is not dangerous to 
the fetus, as acetaminophen 
does not cross the placenta.

C. Overdose is very dangerous to 
the fetus, as the toxic metabo-
lite, but not N-acetylcysteine, 
crosses the placenta.

D. The treatment line on the 
Rumack-Matthew nomogram 
should be lowered, such that 
the four-hour level begins at 
100 mcg/mL.

E. The pregnant patient should 
be managed the same as the 
non-pregnant patient.

16. Which of the following state-
ments is true regarding extra-
hepatic manifestations of 
acetaminophen toxicity?
A. Encephalopathy and cerebral 

edema can occur as part of 
severe toxicity.

B. Renal failure can only occur 
as part of a hepato-renal 
syndrome, once the liver is 
already failing.

C. Myocardial necrosis is com-
mon with massive ingestions.

D. Because the toxic metabolite is 
formed primarily in the lung, 
pneumonitis is common.

E. A hypercoaguable state is 
common with severe acet-
aminophen ingestions.
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