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Acetaminophen Poisoning: A Case Based Approach
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Emergency and critical care physicians commonly evaluate and treat patients poisoned by acetaminophen. 
While the basics of management were established in the 1970s, over the past 20 years we have recognized 
subtleties and variations in presentations that alter the approach to evaluation and treatment. In this paper I will 
present several cases that illustrate some of the most common variations in presentations of acetaminophen 
poisoning and offer recommendations for modifi cations of testing and treatment based on several recent studies.
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Acetaminophen (paracetamol) poisoning re-
mains a common cause of hospitalization, liver failure 
and death in many countries. An emergency physician 
in a moderately busy hospital can expect to evaluate 
and treat several cases of acetaminophen poisoning 
every year. While the basic treatment principles have 
been well described for over 40 years, recent work 
has highlighted how variations in presentation can 
alter the outcomes of patients. The objective of this 
review is to describe several of the most common pre-
sentations of acetaminophen poisoning and suggest 
how our evaluation and treatment approach should be 
adjusted based on each presentation.

Case 1: Uncomplicated Acute 
Ingestion

A 24-year-old non-pregnant female presents 40 
minutes after ingestion of 18 g of standard release 
acetaminophen. She has no complaints and decided to 
seek care after telling her boyfriend about the inges-
tion. She has no signifi cant medical history, is on oral 
contraceptives and denies drug use. Her vital signs are 
within normal limits and her exam is unremarkable 
other than she is tearful.

How Should This Patient Be Risk Stratifi ed?
This case represents the most straightforward 

presentation of acetaminophen poisoning. Patients 
who ingest more than 15 g of acetaminophen are 
considered at risk for liver injury and are likely to 
require treatment with acetylcysteine.1 Because pa-
tients are often unsure of the amount ingested, guide-
lines recommend measuring a serum acetaminophen 
concentration at least 4 hrs after the ingestion and 
plotting that concentration on the Rumack-Matthew 
Nomogram (Nomogram) to determine if the concen-
tration falls above the treatment line suggesting the 
patient is “at risk” for liver injury. However, the exact 
concentration considered “at risk” varies by country. 
The original manuscript described line starting at 200 
mcg/ml 4 hrs decreasing with a half-life of 4 hrs.2 
This line is no longer widely used. While planning 
the U.S. clinical trial of acetylcysteine, the U.S. Food 
and Drug Administration required the concentrations 
used to construct the line be dropped 25% (150 mcg/
ml at 4 hrs) and this threshold is currently used in 
the U.S., Canada and Australia.3 In the U.K., the 
threshold of 200 mcg/ml at 4 hrs was used until 2012 
when it was lowered to 100 mcg/ml to increase the 
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sensitivity.4 The current recommendation for Taiwan 
is 150 mcg/ml. If the history is highly discordant with 
the measured concentration (e.g., the concentration 
is low despite a good history of large ingestion) then 
an inaccurate time of ingestion or delayed absorption 
should be considered and it is reasonable to repeat the 
serum concentration in a few hours to assure it has 
not increased dramatically due to altered absorption.

How Should This Patient Be Treated?
As noted above, the decision to administer 

N-acetylcysteine (NAC) is based on a 4-hr serum 
acetaminophen concentration. The 4-hr mark was 
selected to assure that acetaminophen absorption had 
occurred. The history of a 16 g ingestion suggests a 
potential for a “toxic” ingestion (above the treatment 
line) if the total dose is absorbed. However, her early 
presentation allows for an intervention to decrease the 
absorbed dose. While activated charcoal has shown 
limited benefit in undifferentiated overdose,5 it has 
been associated with a decreased need for acetylcyste-
ine treatment in acetaminophen overdose.6 However, 
it is not without risks, and given the efficacy of ace-
tylcysteine charcoal is not recommended unless the 
patient is cooperative and is maintaining their airway.

Case 1 Resolution
The risks and benefits of charcoal were explained 

to the patient, and she agreed to take the activated char-
coal. At 4 hrs, a serum acetaminophen concentration 
was measured at 110 mcg/ml. As this was below the 
treatment line she was medically cleared and trans-
ferred for evaluation of her depression.

Case 2: Uncomplicated Pediatric 
Ingestion

A 16-month-old presents to the emergency de-
partment (ED) after being found drinking from an 
open bottle of acetaminophen liquid. The bottle was 
new and is now empty. The child is healthy, weighs 
14 kg and appears well. The bottle contained 120 mL 
of 160 mg/5 mL acetaminophen suspension.

How Should This Case Be Risk Stratified?
The generally accepted toxic dose of acetamin-

ophen in adults in a single ingestion is 150 mg/kg.7 
However, children are felt to be somewhat protected 
from acetaminophen toxicity and most guidelines 

support a toxic dose of 200 mg/kg for children young-
er than.7,8 In this case, the ingested dose was approxi-
mately 3,840 mg or 274 mg/kg. Therefore this child is 
at risk for acetaminophen toxicity. A serum acetamino-
phen concentration measured at 4 hrs was 170 mcg/ml  
which is above the treatment line when plotted on the 
Rumack-Mathew Nomogram (Nomogram).

How Should This Patient Be Treated?
While activated charcoal may decrease the 

absorption of acetaminophen, there are few studies 
showing a therapeutic benefit in pediatrics and it is 
very difficult to administer to children. As the vast 
majority of pediatric acetaminophen ingestions are 
not clinically significant,9 routine charcoal administra-
tion is not recommended.

The high 4-hr serum acetaminophen concen-
tration in this case is an indication for acetylcysteine 
therapy. For more than 40 years, the standard treat-
ment protocol for acetylcysteine has involved the 
administration of three different infusions; a 150 mg/
kg dose administered over 15–60 minutes, a 50 mg/
kg dose administered over 4 hrs (12.5 mg/kg/hr) and 
a 100 mg/kg dose administered over 16 hrs (6.25 mg/
kg/hr). While this protocol is safe and effective, it of-
ten led to dosing errors and delays in therapy10 while 
the intravenous therapy (iv) bags were prepared and 
many patients suffered uncomfortable side effects.11 
Recently, several authors have suggested alternative 
dosing protocols that use one or two iv bags and often 
combine the first two infusions over 4 hrs.12-14 These 
protocols are associated with fewer adverse effects 
and medication errors.

Case 2 Resolution
The child is started on acetylcysteine using a 

two bag protocol with a loading dose of 50 mg/kg/hr 
for 4 hrs and second infusion of 6.25 mg/kg/hr for 16 
hrs. The child does well and the serum transaminase 
activity remained within normal limits.

Case 3: Large Acute Ingestion
A 17-year-old female presents after a reported 

ingestion of 40 g of acetaminophen 4 hrs prior to ad-
mission as a self-harm attempt. The patient had sev-
eral episodes of vomiting and is now sleepy but will 
wake up and answer questions. This is her fourth self 
harm attempt in the last 18 months. Her only medical 
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history is depression and anxiety. Her vital signs are 
within normal limits and her exam is unremarkable 
other than her somnolence. Her blood chemistry and 
transaminase are within normal limits, but her acet-
aminophen concentration is 430 mcg/ml.

How Should This Patient Be Risk Stratified?
On first examination, this case shares many 

characteristics with Case 1. It is an acute ingestion 
with a (relatively) early presentation and the patient 
has no liver damage. However, the one major differ-
ence is the history of a very large (> 30 g) ingestion 
and a very high serum acetaminophen concentration 
(above the “high risk line” which starts at 300 mcg/
ml 4 hrs-Nomogram).15 In the past 10 years, multiple 
reports have identified large ingestions where patients 
have developed hepatic failure despite receiving ace-
tylcysteine within 8 hrs.16-18 These findings are sup-
ported by two recent observational studies showing 
that patients with very large ingestions (> 30 g) may 
not be completely protected with standard acetylcys-
teine dosing.15,19,20

How Should This Patient Be Treated?
The original studies of acetylcysteine suggested 

that all patients who received early treatment would 
do well.1,21 The exceptions identified in the studies 
mentioned in the previous paragraph suggest that a 
massive overdose may produce a mismatch between 
N-acetyl-p-benzoquinone imine (NAPQI) (the toxic 
metabolite of acetaminophen) formation and the de-
toxification by conjugation to glutathione. Computer 
models and large observational studies have suggest-
ed that higher doses of acetylcysteine increase the 
detoxification of NAPQI and attenuate some liver 
injury.22 There are several approaches used to increase 
the dose including doubling the final infusion rate to 
12.5 an hr, repeating the entire protocol every 20 hrs 
or using the oral dosing protocol (140 mg/kg load 
over 1 hr followed by 17.5 mg/kg/hr for 48 hrs).23

In addition to higher doses of acetylcysteine, one 
study also found an association of between activated 
charcoal administration (within 4 hrs) with decreased 
serum acetaminophen concentrations and with an 
88% decrease in the rate of hepatotoxicity.20 Therefore 
activated charcoal should be very strongly considered 
in cases where the history or serum concentrations 
suggest a large (> 30 g) ingestion.

Case 3 Resolution
The patient is given 50 g activated charcoal and 

started on acetylcysteine. The patient is administered 
50 mg/kg/hr over the first 4 hrs then started on an 
infusion of 12.5 mg/kg/hr (double the normal rate). 
Over the next 24 hrs her serum alanine aminotrans-
ferase (ALT) rises to 350 IU/L while her serum acet-
aminophen falls to 160 mcg/ml and her acetylcysteine 
is continued and the final infusion rate is continual 
to 12.5 mg/kg/hr. On hospital day 2 the serum ALT 
peaks and 1,350 IU/L and her acetaminophen is 
non-detectable. On hospital day 3 the ALT is down 
to 350 IU/L and acetylcysteine is stopped and she is 
medically cleared.

Case 4: Unknown Time of Ingestion
A 40-year-old female presents somnolent and 

confused. She was last seen 14 hrs prior to presenta-
tion when she was intoxicated and had an argument 
with her husband. Emergency medical services were 
called and found her sleeping in her bed with multiple 
non-prescription medications as well as empty alcohol 
bottles in the room. Her vital signs were normal, she 
appears sleepy and is not cooperating with the exam-
ination. Standard testing was unremarkable and a preg-
nancy test was negative. The serum acetaminophen 
was 110 mcg/ml, the serum ALT activity was 35 IU/L. 
Her serum ethanol concentration was 85 mg/dL.

How Should This Patient Be Risk Stratified?
The main characteristic of useful screening tests 

is that they provide early identification of a treatable 
condition. Ideally the condition should also be com-
mon; otherwise the cost of the test may exceed the 
therapeutic benefit. Occult acetaminophen ingestion 
in the setting of self-harm attempts has these charac-
teristics. However, without a clear time of ingestion, 
it is not possible to use the Nomogram to risk stratify 
the patient. As the risk of hepatic injury for this pa-
tient cannot be accurately determined, the most pru-
dent course is to initiate treatment.

Ethanol use may affect the risk of liver injury 
from acetaminophen poisoning. The relationship 
between ethanol and risk of liver injury is complex. 
Ethanol is a substrate and an inducer of cytochrome 
P450 2E1 (CYP2E1), the enzyme responsible for the 
formation of the toxic metabolite of acetaminophen. 
When ethanol is co-ingested with acetaminophen, 
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the ethanol will compete with acetaminophen for 
CYP2E1 and decrease the formation of the toxic me-
tabolite.24 However, ethanol also increases the amount 
of CYP2E1 in the liver and this effect lasts for several 
hours after ethanol consumption. Therefore, patients 
who drink ethanol regularly but who have no ethanol 
in their system when they ingest the acetaminophen 
will have increased formation of the toxic metabo-
lite.25 This biphasic response has been documented in 
experimental conditions and the findings are support-
ed by observational studies.

Treatment
While it is reasonable to initiate treatment for 

this case, the patient is presenting before the onset 
of ALT elevation and the acetaminophen concen-
tration is not that large. This patient is an excellent 
candidate for shorter course of therapy. Truncated or 
“patient tailored” protocols have been suggested for 
many years, and one of the first descriptions of this 
approach was from Taiwan.26 There are several theo-
retical arguments to support their efficacy, and a small 
clinical trial found the rates of ALT elevation were 
similar for the standard 21-hr, 300 mg/kg protocol 
and an accelerated protocol where a 250 mg/kg dose 
is administered over 12 hrs.27 Recently, a larger cohort 
of patients treated with this protocol had excellent 
outcomes.28 The importance of these protocols is that 
they allow low risk patients to be treated in an ED ob-
servation unit. By completing the medical treatment 
in a shorter time, we can facilitate prompt psychiatric 
evaluation and treatment.

Case 4 Resolution
The physician initiates acetylcysteine and treats 

for 12 hrs. At this time, the serum acetaminophen con-
centration is undetectable and the serum transaminase 
activities are stable. The patient is medically cleared 
and transferred to a psychiatric facility.

Case 5: Repeated Supratherapuetic 
Ingestion

A 38-year-old male presents with a toothache 
for the past 3 days. He has poor dentition and has not 
been to a dentist in several years. He states he is here 
to obtain pain relief and a referral to have the tooth 
removed. He reports taking “handfuls” of a non-pre-
scription pain reliever over the past 3 days with no 
relief. His vital signs are within normal limits, and 

with the exception of grossly decayed teeth his exam 
is unremarkable.

How Should this Patient Be Risk Stratified?
There are no large studies that have compared 

approaches to evaluating patients who have stag-
gered excessive acetaminophen ingestion occurring 
over more than 8 hrs. Interestingly, cases like this are 
among the most common causes of liver failure in 
the U.S.29 The first systematic description of repeated 
supratherapeutic acetaminophen ingestion was pub-
lished in 2002 and the authors noted that no cases de-
veloped liver failure when treatment was started while 
the serum transaminase activity lower than 50 IU/L.30 
This led to a treatment recommendation for all pa-
tients with a supratherapeutic acetaminophen concen-
tration (> 20 mcg/ml) or serum transaminase > 50 IU/
L. While this protocol is widely accepted, there have 
been no systematic studies evaluating this approach.

How Should This Patient Be Treated?
There have been no studies evaluating treat-

ment protocols for staggered ingestions. Initially, 
these patients were treated using the same protocol 
as acute ingestion. However, once it was recognized 
that most patients who present without liver injury 
(normal transaminase activity) do well while those 
with elevated transaminase activity have a much more 
guarded prognosis, treatment protocols were targeted 
toward these two groups. Serum transaminase activity 
reflects hepatocyte necrosis that has already occurred. 
Therefore the elevation of transaminase activity lags 
behind hepatocyte injury and substantial portion of 
patients who present with transaminase elevation will 
go on to have additional injury over the next 12–24 
hrs.30

Case 5 Resolution
A serum acetaminophen concentration was 35 

mcg/ml and his serum ALT and aspartate aminotrans-
ferase (AST) were 25 and 28 respectively. The patient 
was treated with acetylcysteine for 12 hrs at which 
time his serum acetaminophen was not detectable and 
his AST and ALT were unchanged. Had the patient 
developed an ALT above 50 IU/L the treatment would 
have been continued until the ALT was clearly declin-
ing. The patient was counseled about appropriate use 
of non-prescription pain medications and discharged.
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Case 6: Late Presentation With Acute 
Liver Failure

A 26-year-old male presents with vomiting, ab-
dominal pain and confusion. The family states that the 
patient had the flu for the past week and had been tak-
ing several non-prescription products to treat his fever 
and body aches. They note that he has used “a few” 
bottles of acetaminophen containing products. On 
exam the patient is somnolent and mildly confused. 
His vital signs are not remarkable. He has dry mucous 
membranes, slightly icteric sclera and moderate right 
upper quadrant tenderness. His blood count is normal; 
he has mild renal impairment with a creatinine of 1.8 
mg/dL. He has a marked elevation of the serum trans-
aminase with an ALT of 8,500 IU/L a total bilirubin 
of 2.5 mg/dL and coagulopathy with an international 
normalized ratio (INR) of 3.2 and his arterial pH is 
7.28 and his serum lactate is 2.8 mmol/L.

How Should This Patient Be Risk Stratified?
This patient has evidence of encephalopathy in 

the setting of acute liver injury and therefore meets 
the criteria for acute liver failure. This diagnosis is 
further supported by his elevated INR which demon-
strates hepatic synthetic dysfunction, his elevated 
bilirubin reflecting impaired hepatic clearance and his 
renal injury. This degree of illness requires liver trans-
plant evaluation. The most commonly used guidelines 
are the King’s College Criteria which were developed 
in 1989,31 but some have suggested that other criteria 
may be more effective.32 Recently, the King’s College 
Criteria were updated and the new guidelines have a 
high sensitivity and specificity when applied in our 
current intensive care unit (ICU) setting.33 The new 
criteria are applied at day 1 and day 2 and can be cal-
culated at kingsalfpredictor.org.

How Should This Patient Be Treated?
Patients with acute liver failure should be treated 

in an intensive care setting and have early consulta-
tion with a liver transplant service. Patients will often 
require close monitoring of glucose, fluid and elec-
trolyte status, vasopressors for cardiac support and 
airway management. Common complications include 
infection, cerebral edema, bleeding from coagulop-
athy and renal failure. In a large single center trial, 
acetylcysteine was found to decrease mortality and 
therefore it is often used in combination with support-
ive care.34 The utility of other interventions such as 

hypothermia and routine intracranial pressure moni-
toring are of uncertain value.

Case 6 Resolution
The patient was fluid resuscitated, started on 

acetylcysteine and admitted to the ICU. He was eval-
uated by the transplant team and felt to be a poor 
candidate due to ongoing substance abuse and his 
estimated survival using kingsalfpredictor.org was > 
90% without transplant. Twelve hrs after admission, 
he developed more somnolence and was intubated. 
On hospital day 1, his creatinine continued to rise and 
he was started on renal replacement therapy. On hos-
pital day 3, his serum ALT peaked and started to de-
cline, and his INR also began to fall. By hospital day 
5 he was extubated, and the acetylcysteine and renal 
replacement therapy were stopped. On hospital day 7 
he was transferred out of the ICU and began treatment 
for alcohol abuse and depression.

Case 7: Massive Acute Ingestion
A 15-year-old female presents is found unre-

sponsive. She is transported to the ED. Upon arrival 
her vital signs are within normal limits other than a 
mild tachypnea, but she is unresponsive (Glasgow 
Coma Scale, GCS = 5) and is therefore intubated. 
There are no signs of trauma on her physical exam 
and a head computed tomography (CT) is negative. 
Her initial laboratory studies are remarkable for 
normal electrolytes and renal function but an anion 
gap metabolic acidosis (pH = 7.18, anion gap = 25), 
elevated blood glucose and a high serum lactate. Her 
family states that she has a history of behavioral dis-
turbances and self-harm attempts. She was last seen 6 
hrs prior after having a fight with her mother. A serum 
acetaminophen is measured at greater than 800 mcg/
ml and her serum transaminase activity is normal. A 
urine pregnancy test and drug screen are negative.

How Should This Patient Be Risk Stratified?
Obviously this patient has a very high serum ac-

etaminophen concentration and while the exact time of 
ingestion is unknown, it is clear she will require acetyl-
cysteine. However, she also has other metabolic abnor-
malities including a lactic acidosis and hyperglycemia. 
These findings strongly suggest massive acetaminophen 
ingestion. These metabolic effects that occur within a 
few hours of a massive ingestion were first described in 
1986.35 The mechanism behind these effects is thought to 
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be inhibition of cellular respiration by the high acetamin-
ophen concentration. These effects are generally present 
before the onset of liver injury and are not thought to be 
due to the oxidative metabolites.

How Should This Patient Be Treated?
These patients often require airway management 

and intense supportive care from presentation. Ace-
tylcysteine can prevent hepatic injury, but as noted 
in case 3 above, the dose should be increased to pro-
vide additional protection. There is some controversy 
regarding the optimal treatment for the metabolic 
effects. There are several reports describing recov-
ery with supportive care and acetylcysteine alone. 
However, the Extracorporeal Treatment in Poisoning 
(EXTRIP) consensus guidelines recommend consider-
ation of hemodialysis for patients with altered mental 
status, metabolic acidosis, an elevated lactate, and an 
acetaminophen concentration is greater than 700 mcg/
ml even if NAC is administered.36 Case reports sug-
gest that hemodialysis can clear the acidosis and the 
lactate, remove the acetaminophen and improve the 
patient’s mental status. However, since acetylcysteine 
is cleared by dialysis, the rate of infusion should be 
increased (generally it is doubled) during the hemodi-
alysis session.

Case 7 Resolution
The patient was admitted to the ICU and started 

on acetylcysteine. She was treated with one six hour 
session of hemodialysis and her metabolic abnormali-
ties were normalized. During dialysis the acetylcyste-
ine rate was doubled. At the end of dialysis her serum 
acetaminophen concentration was 110 mcg/ml. Ace-
tylcysteine was continued for another 24 hrs at which 
time the acetaminophen was undetectable and the 
serum transaminase were normal. She was medically 
cleared and transferred to a psychiatric unit.

Conclusions
The first 6 cases all represent acetaminophen-re-

lated presentations that are commonly encountered in 
the ED. Emergency physicians should feel comfort-
able assessing and treating these patients. The seventh 
case represents a very rare presentation, however it is 
important that emergency physicians are aware that 
extremely large ingestions may present very early 
with the metabolic derangements and that dialysis is a 
treatment option.

While I have outlined my preferred approach to 
each case, it is important to note that many other ap-
proaches are reasonable. I have provided a flow chart 
(Fig. 1) that provides a reasonable approach to the 
vast majority of cases encountered in the ED as well 
as some suggestions on decontamination (Table 1). In 
the end, I suggest there are two simple rules of thumb: 
(1) Start treatment if the acetaminophen concentration 
or the transaminase are elevated and (2) stop treat-
ment when the serum acetaminophen is non-detect-
able and the transaminase are normal. These rules of 
thumb along with excellent supportive care are the 
cornerstones of successful treatment and will get you 
through all but the most severe acetaminophen cases.
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