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Abstract

IMPORTANCE

The US and Canada currently have no formal published nationwide guidelines for the
management of acetaminophen poisoning, resulting in significant variability in management.

OBJECTIVE

To develop consensus guidelines for the management of acetaminophen poisoning in
the US and Canada.



Abstract

EVIDENCE REVIEW

» Selected participants (n = 21) from Four clinical toxicology societies
e March 2021 - March 2023 \

America’s Poison Centers

American Academy of Clinical Toxicology
American College of Medical Toxicology
Canadian Association of Poison Control Centers

FINDINGS

* 84 guidelines and 278 publications retrieved = 5 guidelines and 7 publications met evidence quality
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Introduction
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Introduction

1/ ISR E LA B Clinical Stages of Acute Acetaminophen Toxicity

Stage 1 Stage 2 Stage 3 Stage 4
Approximate timing First 24 h Days 2-3 Days 3—4 After day 5
(linical manifestations Anorexia Improvement in anorexia, nausea, and Recurrence of anorexia, nausea, and (linical improvement and recovery (7-8 d)
Nausea vomiting vomiting or
Vomiting Abdominal pain Encephalopathy Deterioration to multiorgan failure and death
Malaise Hepatic tenderness Anuria
Jaundice

Laboratory abnormalities

Elevated serum transaminases

Elevated bilirubin and prolonged
prothrombin time if severe

Hepatic failure
Metabolic acidosis
Coagulopathy
Renal failure
Pancreatitis

Improvement and resolution
or
Continued deterioration
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Management of Suspected Acute
Ingestion of Immediate-Release
Acetaminophen Products

Administration of Acetylcysteine

Special conditions



Outline

Management of Suspected Acute
Ingestion of Immediate-Release
Acetaminophen Products



Management of Suspected Acute Ingestion of Immediate-Release Acetaminophen Products

Figure 1. Management of Acetaminophen Poisoning in a Medical Facility

History reliable and accurate History unreliable
Acute defined as any period of or unknown
ingestion from 0-24 h
Gastrointestinal decontamination
Consider SDAC if within4 h PI
v ) ) | v
ED 0-4 h Pl ED4-8h Pl ED8-24h Pl ED>24hPI Draw tests:
. . . . Acetaminophen
acetaminophen —>| acetaminophen acetaminophen acetaminophen :
. . . . concentration, CMP
concentration concentration concentration, CMP concentration, CMP i

[
See notes if acetaminophen  (Start acetylcysteine while waiting if ingestion is 230 g or if , i
concentration drawn acetaminophen concentration will return after 8 h PI) Acetaminophen concentration

before 4 h Pl v ‘ > >10 pug/mL or AST/ALT abnormal
(unless baseline for patient)

Plot acetaminophen concentration drawn
4-24 h Pl on nomogram
See revised nomogram

' l !

Above Above
treatment line high-risk line

|

\d \d
Do not administer acetylcysteine
Reconsider accuracy of history
if AST/ALT are elevated despite
acetominaphen concentration
below treatment line

Below
treatment line

Administer or continue acetylcysteine

e Consider increased dose for high-risk ingestion

 See separate guideline for acetylcysteine
administration

Draw additional tests

\J

Acetaminophen concentration
<10 pg/mL and AST/ALT normal
(unless abnormal AST/ALT is
baseline for patient)

\4

Do not administer acetylcysteine




High-Risk Acetaminophen Ingestion

High-risk ingestion
* Ingestion of at least 30 grams of acetaminophen

e or acetaminophen concentration above the high-risk line on the nomogram

Additional laboratory testing
* Indicated if developed signs of mitochondrial dysfunction; altered level of consciousness,

metabolic acidosis, or hyperlactatemia.

* should include evaluation of other causes of altered level of consciousness

Increased dosage of acetylcysteine(NAC)

may be warranted in consultation with a Poison Center(PC) or
clinical toxicologist



Diagnosis Acetaminophen poisoning

* A patient 26 years old ingests
1. >10grams or 200 mg/kg as a single ingestion
2. >10grams or 200 mg/kg over a 24-hour period
3. >6gramsor 150 mg/kg per 24-hour period for at least 2 consecutive days

* For children <6 years old ingests

1. >200 mg/kg of acetaminophen as a single ingestion or over an 8-hour
2. >150 mg/kg per 24-hour period for the preceding 48 hour

* Massive Acetaminophen Overdose: >40 grams or 500 mg/kg Emergency
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Management of Suspected Acute Ingestion of Immediate-Release Acetaminophen Products

APAP Ingestion

<4 h from ingestion Betweer) 4 anq 24 h Unknovgn or >.24 h
from ingestion from ingestion
I I
Consider Gl Consider Gl
decontamination decontamination
for unknown
ingestion
Send >4 h
APAP level
b Send APAP levels
| Send LFTs (AST, ALT, PT)
7 [ | “ Give 1st dose AC
Level available Level not available
<8h _ unti>8h | APAP >10 micrograms/mL
| | or AST/ALT increased
Plot on Give 1st dose AC | I
nomogram (within 8 h) I I
I Yes: N wn
I | Continue AC ~ Supportive Rx ~_
Toxic: AG R Not toxic I — Emergency
symptomatic Rx If .
oH <73 <ZE Medicine
PT >1oo — A COMPREHENSIVE STUDY GUIDE
Cr>3.3 P
AMS
Z NINTH EDITION
T Judith E. Tintinalli, Editor-in-Chief
Refer to liver L Lol
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Nomogram

Figure 2. Revised Rumack-Matthew Nomogram for the Acute Ingestion of Acetaminophen
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Outline

Administration of Acetylcysteine



Administration of Acetylcysteine

administered orally or intravenously

administered initial dose as soon as the need for treatment becomes evident

>15 different regimens identified, but the comparative effectiveness has not been evaluated
Recommended use of at least 300 mg/kg orally or IV during the first 20 to 24 hours of treatment

Calculation of acetylcysteine dose should be capped at 100 kg of body weight



Figure 3. Administration of Acetylcysteine in the Management of Acetaminophen Poisoning

Decision to administer NAC for any acetaminophen poisoning

l

Administer NAC for 20-24 h depending on regimen chosen A Strong clinical concern of acute overdose
» Use FDA-approved or published IV or oral protocol that .
delivers a minimum of 300 mg/kg over 20-24 h (If dose was >200 mg/kg or>10 g)

e If 230 g was ingested or if acetominophen concentration
will return after 8 h postingestion, start NAC

* If 150 mg/kg loading dose is used, it should be given over - Acetylcysteine should be administered before the
atleast 1h i acetaminophen concentration is available

Measure acetominophen concentration, AST/ALT, PT/INR

and assess NAC stopping criteria before end of infusion:

NAC stopping criteria

» Acetominophen concentration <10 pg/mL

*INR<2.0

» ALT/AST normal for patient or if elevated have decreased
from peak (25%-50%)

* Patient is clinically well

l

Continue NAC until stopping criteria are met

e Continue IV NAC at rate of at least 6.25 mg/kg/h

* Draw acetominophen concentration, AST/ALT, and PT/INR <
every 12-24 h

¢ Assess NAC stopping criteria are met

Y Y
Criteria met Criteria not met
Do not administer Continue NAC treatment
further NAC Continue IV NAC at rate
of at least 6.25 mg/kg/h




LG SR EL Ry Acetylcysteine Dosing Regimen' ‘

PO

IV Adult

IV Pediatric (21-40 kqg)

IV Pediatric (5-20 kq)

Preparation

Available as 10% and 20%
solutions.

Dilute to 5% solution for PO
administration.

Available as 20% solution.
Dilution required.

Available as 20% solution.
Dilution required.

Available as 20% solution.
Dilution required.

Loading dose

140 milligrams/kg

150 milligrams/kg in 200 mL 5%
dextrose in water infused over 60 min

150 milligrams/kg in 100 mL 5%
dextrose in water infused over 60 min

150 milligrams/kg in 3 mL/kg 5%
dextrose in water infused over 60 min

Maintenance dose

70 milligrams/kg every 4 h for
17 doses

50 milligrams/kg in 500 mL 5% dextrose
in water infused over 4 h (12.5 milligrams/
kg per hour)

followed by

100 milligrams/kg in 1000 mL 5%
dextrose in water infused over 16 h
(6.25 milligrams/kg per hour)

50 milligrams/kg in 250 mL 5% dextrose
in water infused over 4 h (12.5 milligrams/
kg per hour)

followed by

100 milligrams/kg in 500 mL 5%
dextrose in water infused over 16 h
(6.25 milligrams/kg per hour)

50 milligrams/kg in 7 mL/kg 5%
dextrose in water infused over 4 h
(12.5 milligrams/kg per hour)
followed by

100 milligrams/kg in 14 mL/kg 5%
dextrose in water infused over 16 h
(6.25 milligrams/kg per hour)

Duration of therapy

72h*

21h”

21h

21h

Comments

Dilute with powdered drink
mix, juice, or soda.

Serve chilled.

Drink through a straw to
reduce disagreeable smell.

Monitor for drug-related adverse effects
and anaphylactoid reactions.

Monitor for drug-related adverse effects
and anaphylactoid reactions.

Monitor for drug-related adverse effects
and anaphylactoid reactions.

“Check with your institution or poison control center for alternative dosing protocols and for management of adverse effects.

Given the volume and hypotonicity of fluid required,
specific acetylcysteine weight-based fluid volume guidelines
should be followed for children and small adults (<40 kg), and
these patients should be carefully monitored to avoid
fluid overload and hyponatremia during treatment.
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Updated guidelines for the management of
paracetamol poisoning in Australia and New Zealand

Angela L Chiew'? 2 | David Reith?, Adam Pomerleau®, Anselm Wong“*, Katherine Z Isoardi®’, Jessamine Soderstrom®?,

Nicholas A Buckley”" MJA 212 (4) = 2 March 2020

7 Standard acetylcysteine regimen

Standard two-bag regimen*"

¢ |nitial infusion
» acetylcysteine 200 mg/kg (maximum 22 g) in glucose 5% 500 mL
(child, 7 mL/kg up to 500 mL) or sodium chloride 0.9% 500 mL (child,
7 mL/kg up to 500 mL) intravenously, over 4 hours

e Second acetylcysteine infusion
» acetylcysteine 100 mg/kg (maximum 11 g) in glucose 5% 1000 mL
(child, 14 mL/kg up to 1000 mL) or sodium chloride 0.9% 1000 mL
(child, 14 mL/kg up to 1000 mL) intravenously, over 16 hours'*

¢ |f ongoing acetylcysteine is required, continue at the rate of the second
infusion (eg, 100 mg/kg over 16 h). Higher ongoing infusion rates (eg,
200 mg/kg over 16 h) may be required for massive paracetamol
ingestions and a clinical toxicologist should be consulted

* Acetylcysteine is also compatible with 0.45% saline + 5% dextrose. T For adults (aged
214 years), dosing should be based on actual body weight rounded up to the nearest10 kg,
with a ceiling weight of 110 kg. For children (aged < 14 years), use actual body weight. ¥ If
the initial paracetamol concentration was more than double the nomogram line following
an acute ingestion, increase acetylcysteine dose to 200 mg/kg (maximum 22 g) in glucose
5% 1000 mL (child, 14 mL/kg up to 1000 mL) or sodium chloride 0.9% 1000 mL (child,
14 mL/kg up to 1000 mL) intravenously, over 16 hours. Monitoring with pulse oximetry for
the first 2 hours of the infusion is recommended. 4




J Research Paper

- Efficacy of a two bag acetylcysteine regimen to treat paracetamol
overdose (2NAC study)

-, Anselm Wong™*”“*, Geoff Isbister"<, Richard McNulty"#, Katherine Isoardi"™, Keith Harris’*,
Angela Chiew"™, Shaun Greene®>™°, Naren Gunja®"9, Nicholas Buckley"*, Colin Page’,
Andis Graudins“*

EClinicalMedicine 20 (2020) 100288

two- bag regimen resulted in 3 episodes of severe non-allergic anaphylactic reactions

three-bag regimen resulted in 15 episodes of severe non-allergic anaphylactic reaction
No statistical analysis evidence

Significantly less cutaneous and systemic non-allergic anaphylactic reactions
two-bag and three-bag regimen (1.3% [n =17] and 7.1% [n = 65]

RiskDifference: 5.8%, 95%Cl 7.6 to 4.0, p < 0.0001

Significantly less gastrointestinal reactions (nausea and/or vomiting)
two-bag and three-bag regimen (19% [n = 245] vs 31% [n = 279], p < 0.0001



Reduction of adverse effects from intravenous acetylcysteine
treatment for paracetamol poisoning: a randomised

. Lancet 2014;383: 697-704
contrOIIEd trlal Published Online

November 28, 2013
http://dx.doi.org/10.1016/
50140-6736(13)62062-0

D Nicholas Bateman, James W Dear, H K Ruben Thanacoody, Simon H L Thomas, Michael Eddleston, Euan A Sandilands, Judy Coyle,
Jamie G Cooper, Aryelly Rodriguez, Isabella Butcher, Steff C Lewis, A D Bastiaan Vliegenthart, Aravindan Veiraiah, David ] Webb, Alasdair Gray

Panel 1: Acetylcysteine regimens used in the study

UK standard schedule (duration 20-25 h)*
« 150 mg/kg in 200 mL, over 15 min

« 50mg/kgin0-5L,0over4h

« 100mg/kgin1L,over16h

Modified (shorter) protocol (duration 12 h)
« 100 mg/kgin 200 mL, over2 h

« 200mg/kgin1L,over10h

« 0-5Lof 5% dextrose, to 20-25 h

Acetylcysteine is administered in 5% dextrose.
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Special conditions



Management of Repeated Supratherapeutic Ingestion

Figure 4. Management of Repeated Supratherapeutic Ingestion of Acetaminophen

‘ Reliable and accurate history ‘

Adult or pediatric patient
Re peated Su p rath era pe utic I nge Stio n » Patient history of repeated ingestion and findings consistent with acetaminophen

toxicity (repeated vomiting, right upper quadrant abdominal tenderness, or
mental health status change)

. q - a . » Ingestion period of 24 h or less: 10 g/d or 200 mg/kg/d (whichever is less)
Defined as multlple lngestlons for a perlod >24 hours * Ingestion period 24-48 h: 6 g/d or 150 mg/kg/d (whichever is less)
* Ingestion period greater than 48 h: 4 g/d or 100 mg/kg/d (whichever is less)

l

Gastrointestinal decontamination
not recommended

Acetylcysteine(NAC) should be administered if :

Diagnosis and assessment
Acetaminophen concentration,

. . AST/ALT, and creatinine

* Acetaminophen concentration >20 pg/mL ’

* Orthe aspartate aminotransferase(AST) or alanine } v
aminotra nsferase(ALT) |eve| iS abnormal ﬁg%irai_naobpnller%gc:ncentration 220 ug/mL or Acetaminophen concentration

<20 pg/mL and AST/ALT normal

(unless abnormal AST/ALT is baseline for patient) (unless baseline for patient)

A

Administer acetylcysteine

e Acetylcysteine should be initiated using an
FDA-approved or otherwise published protocol
(see acetylcysteine administration guideline)

* Continue acetylcysteine until stopping criteria

are met (see acetylcysteine administration
guideline)

Y
Do not administer acetylcysteine




Ingestion of Extended-Release Acetaminophen Products

Extended-Release Acetaminophen Products

* Defined as acetaminophen products labeled for use on an 8-hour basis

The same management as ingestion of other acetaminophen products

* Except that activated charcoal may be useful longer than 4 hours after ingestion if evidence of ongoing

absorption is present (e.g. an increasing acetaminophen concentration).

Acetaminophen concentration at 4 to 12 hours after ingestion

* |f below the treatment line but >10 pg/mL, it should be measured again 4 to 6 hours after the first measurement



Coingestion of Acetaminophen and Anticholinergic
or Opioid Agonist Medications

Acetaminophen absorption may be delayed or prolonged

The same management as ingestion of other acetaminophen products

Acetaminophen concentration at 4 to 24 hours after ingestion

* |If below the treatment line but >10 pg/mL, it should be measured again 4 to 6 hours after the first measurement

* |If <10 pug/mL, another measurement need not be taken and acetylcysteine treatment is not needed



Figure 2. Revised Rumack-Matthew Nomogram for the Acute Ingestion of Acetaminophen
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* 4h after ingestion
* If unknown time of ingestion > Measured immediately

* If the acetaminophen concentration >20 pg/mL > Tx NAC

If the concentration 4 to 12 hours after ingestion
* below treatment line but >10 pg/mL: measured again 4 to 6 hours after the
first measurement

If the concentration 4 to 24 hours after ingestion

* below treatment line but >10 pg/mL: measured again 4 to 6 hours after the
first measurement

* <10 ug/mL: no need for another measurement and acetylcysteine treatment.



Patients Younger Than 6 Years

PC or clinical toxicologist if
1. a cumulative dose of >150 mg/kg body weight during 24 hours

2. asingle intravenous dose of acetaminophen of 90 mg/kg body weight
Management in patients <6 years is the same as for older patients

Administration of acetylcysteine requires weight-based adjustment to avoid hyponatremia

for patients who weigh less than 41 kg.



Patients Younger Than 6 Years

Acetadote.com

IV Acetadote Dosage Calculator

Use the Acetadote dosage calculator to calculate the accurate dose of Acetadote for your patients.

Enter your patient's weight below and click "Calculate.”

Enter patient weight: 20

Weight: 20

Loading Dose: 15

Second Dose: 5

Third Dose: 10

OPounds @Kilograms W w

Kilograms

mL Acetadote m 3000 mg Acetadote in 60 mL of diluent, infused over 60 minutes
mL Acetadote m 1000 mg Acetadote in 140  mL of diluent, infused over 4 hours

mL Acetadote m 2000 ~mg Acetadote in 280  mL of diluent, infused over 16 hours

=
-
-
<
<
-
Z
-

Available dose calculator and detailed pediatric dilution directions for IV acetylcysteine
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Pregnancy

* The standard evaluation and management of acetaminophen poisoning are the same

in the pregnant patient

* Except that some clinicians prefer the intravenous route for acetylcysteine administration.
However, no data are available to demonstrate that the oral route is less effective in the

pregnant patient.



Use of Enhanced Elimination Techniques

Hemodialysis is recommended in addition to treatment with acetylcysteine
Acetaminophen concentration of 900 ug/mL or greater

Acidosis or Altered consciousness due to acetaminophen toxic effects

Acetylcysteine during hemodialysis

If the intravenous route is used, the rate of acetylcysteine infusion should be at least 12.5 mg/kg/hour.

If the oral acetylcysteine regimen is used, it does not require adjustment.



Consultation With Liver Transplant Team

* Progressive increases in AST or ALT and coagulation abnormalities

* With encephalopathy or multisystem failure despite acetylcysteine treatment.



King’s College criteria for selection of ALF patients for liver transplantation

Table 1

King’s College criteria for selection of ALF patients for liver transplan- . .

tation (according to Ref. [6]) Acetaminophen Non-acetaminophen

Paracetamol-induced ALF * Lactate >3.5 * INR > 6.5 with HE

Arterial blood pH < 7.30 (irrespective of grade of encephalopathy) oF oy

OR all of the following * pH<7.3 orlactate >3 * Any 3 of 5 with HE

e Prothrombin time >100s (INR >6.5) or — Age <10 or >40 yrs

e Serum creatinine >300 pmol/L « Grade lll or IV HE and — Bili > 300

e Grade III or IV hepatic encephalopathy — INR>6.5 — Coag: INR > 3.5

Non-Paracetamol induced ALF — Creatinine > 300 = Buration jauridice o HE> 7 days

Prothrombin time >100 s (INR > 6.5) (irrespective of grade of — Etiology: Non A-E, other drug
encephalopathy) . — : -

OR any 3 of the following (irrespective of grade of encephalopathy) King’s Colleg(.e Frlterla remain the mo.sff (Ellnlcally useful
Age <10 or >40 years with sensitivity of 68-69% and specificity of 82-92%
Etiology: non-A/non-B hepatitis, drug-induced Lee WM, et al. AASLD Practice Guidelines. Hepatology 2011

Duration of jaundice to encephalopathy >7 days
Prothrombin time >50 (INR > 3.5)
Serum bilirubin >300 pmol/L




Suspected Adverse Reactions

NAC Adverse reaction management

Flushing

¢

* Reassess need for NAC
® Continue NAC if needed
* No treatment

Urticaria

¢

* Reassess need for NAC

 Continue NAC if needed

 Diphenhydramine 1 mg/kg
intravenously (maximum, 50 mg)

“Defined as no response 1o initial treatment with severe symptoms, signs, or both.
'A slower NAC infusion rate does not necessary prevent further reaction.

*As suggested with radio-contrast material-induced anaphylactoid reactions. Ephedrine is contraindicated in patients with angina or arrhythmias.

Angioedema

e Stop NAC

* Diphenhydramine 1 mg/kg
intravenously {maximum, 50 mg)

¢ Reassess need for NAC

¢ |f no symptoms after 1 hour,
restart NAC

Respiratory Symptoms
or Hypotension

Y

e Stop NAC infusion

e ABC: Treat symptomatically

¢ Diphenhydramine 1 mg/kg
intravenously {(maximum, 50 mg)

¢ Reassess need for NAC

* for life-threatening reaction,”
consider:
Slower infusion rate'
Cimetidine 5 mg/kg intravenously
(maximum, 300 mg}*
Ephedrine .5 mg/kg orally
(maximum, 25 mg)*

e |f no symptoms after 1 hour,
restart NAC




Figure 2. Revised Rumack-Matthew Nomogram for the Acute Ingestion of Acetaminophen
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Take Home Message

* 4h after ingestion
* If unknown time of ingestion > Measured immediately

* If the acetaminophen concentration >20 pg/mL > Tx NAC

If the concentration 4 to 12 hours after ingestion
* below treatment line but >10 pg/mL: measured again 4 to 6 hours after the
first measurement

If the concentration 4 to 24 hours after ingestion

* below treatment line but >10 pg/mL: measured again 4 to 6 hours after the
first measurement

* <10 ug/mL: no need for another measurement and acetylcysteine treatment.






