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BACKGROUND:

e Acetaminophen (APAP) is the leading cause of acute liver failure in the United States.

e N-acetylcysteine (NAC) is an effective antidote for APAP toxicity because of its multiple mechanisms of action,
primarily serving as a glutathione substitute. Published literature in the last 20 years has demonstrated
additional anti-oxidant mechanisms resulting in favorable effects on the acutely injured liver, improving systemic
hemodynamics and tissue oxygen delivery.

e In assessing the risk of toxicity of APAP ingestion and hence the need to administer NAC, it is useful to separate
different categories of APAP exposure: acute single exposures, repeated supratherapeutic ingestions (or chronic
overdose), ingestion of extended-release APAP, massive ingestions, and unknown time of APAP ingestion

e The Rumack-Matthew Nomogram can only be used to determine the risk of toxicity when the time of ingestion is
known for acute single ingestions based on its original development and validation. Thus, there is a need to
understand risk determination of toxicity of other APAP exposure scenarios.

e Stated timing and dose of APAP ingestion are often unreliable which needs to be taken into consideration in
deciding whether to initiate treatment with NAC.

e The majority of unintentional acute single pediatric APAP exploratory ingestions will not require treatment.

e Allingestions with intent for self-harm require evaluation in a healthcare facility.

e Repeated supratherapeutic ingestions- unintentional, misuse, or abuse—will likely need evaluation in a
healthcare facility. Call the Arkansas Poison and Drug Information 1-800-222-1222 for triage assistance.

e (Certain patients may be at higher risk for hepatoxicity when taking therapeutic or supratherapeutic APAP doses
depending on co-morbid medical conditions and/or use of Cytochrome P450 CYP2E1 drugs/substances which
increase the conversion of APAP to its toxic metabolite NAPQI.

e This guideline does not address IV acetaminophen medication errors/overdose. Consult the Clinical
Pharmacology/Toxicology attending for further recommendations
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Labs/Diagnostics
Acetaminophen concentration
CMP
PT/INR
Salicylate concentration Acetaminophen ingested**
Urine HCG
ECG
Urine drug screen

e Administer activated charcoal if within 2 hours of ingestion, and no contraindications*
e Check APAP level and other labs
e Check APAP level as soon as possible after 4 hours post-ingestion (Refer to Nomogram)

\ 4
APAP Level below APAP Level between APAP Level above
Standard Treatment standard and higher Higher Dose
Line dose treatment lines Treatment Line
No treatment Start standard (v i:r?{t)ilfgigrl:lijcltdcﬁfrical
needed NAC dose IV or PO y

Pharmacology/Toxicology

*Contraindications to
Charcoal: Repeat APAP, CMP, PT/INR at:

e Hour 19 of 20 during Standard Dose NAC infusion
e Hour 23 of 24 hour infusion of Higher NAC Dose infusion
e After 24 hours of Oral NAC

Inability to protect airway
Altered mental status
Seizure

Multiple episodes of
vomiting

Caustic ingestion

(Follow Continuation/Discontinuation Pathway)

**Accidental/exploratory single ingestions of < 200 mg/kg in children < 6 years
of age
OR

NAC Dosing Unintentional ingestions in older children 2 6 years of age of < 200 mg/kg
OR
Standard (IV and PO) < 10 grams, whichever is more, usually do not require referral and evaluation in
Higher (IV only) a healthcare facility or treatment
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Within < 8 hours
of ingestion time?

Labs/Diagnostics 2 25 grams
Acetaminophen concentration Acetaminophen

ingested

CMP

PT/INR

Salicylate concentration
Urine HCG

ECG

Urine drug screen Administer activated

> 8 hours charcoal 1g/kgif no
of ingestion time? *contraindications

*Contraindications to

Charcoal:
APAP 2 800 mcg/mL with Obtain APAP and other labs

metabolic acidosis and elevated Check APAP level as soon as
lactate, Hemodialysis may be possible after 4 hours post-
warranted ingestion (refer to Nomogram)

Inability to protect airway
Altered mental status
Seizure
| Multiple episodes of vomiting
.. Caustic ingestion
Consult Clinical Pharmacology/ &

Toxicology & Nephrology
v

e Start Higher NAC dose (IV only)
e Consult Clinical Pharmacology/
Toxicology

If Hemodialysis started, administer

Higher NAC Dose infusion (IV only)

Repeat APAP at 6 hours
after initiation of NAC

Repeat APAP, CMP, PT/INR at:

Hour 19 of 20 during Standard Dose NAC infusion
Hour 23 of 24 hour infusion of Higher NAC Dose in
After 24 hours of Oral NAC

(Follow Continuation/Discontinuation Pathway)

NAC Dosing

Standard (IV and PO)
Higher (IV only)
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Labs/Diagnostics > 200 mg/kg OR > 10 grams over 24 hour period
Acetaminophen concentration > 150 mg/kg/day OR > 6 grams/day over 48 hour period
CMP > 100 mg/kg/day OR > 4 grams/day over 72 hour period
PT/INR
Salicylate concentration

Urine HCG
ECG

Urine drug screen
Obtain APAP level

+
Obtain labs

v

APAP < 20 mcg/mL APAP 20 — 150mcg/mL

>
+ AST < 50 or AST > 50 e

Consult Clinical
Pharmacology /
Toxicology

Standard or Higher NAC
dose may be needed
depending on multiple
factors

No treatment needed Start Standard NAC dose (IV
or PO)

Repeat APAP, CMP, PT/INR at:

NAC Dosing

Hour 19 of 20 during Standard Dose NAC infusion
Hour 23 of 24 hour infusion of Higher NAC Dose in

Standard (IV and PO) After 24 hours of Oral NAC

Higher (IV only)

(Follow Continuation/Discontinuation Pathway)
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Labs/Diagnostics

) : *Contraindications to
Acetaminophen concentration

cMP Charcoal:

PT/INR

Salicylate concentration Inability to protect airway

Urine HCG Altered mental status

ECG Acetaminophen ingested** Seizure

Urine drug screen Multiple episodes of vomiting
Caustic ingestion

Activated charcoal if under 4 hours if no *contraindications
Check APAP level x2: as soon as possible 4 hours post-ingestion
and 4 hours apart

Obtain other labs

,

If either APAP level
between standard and If either APAP level above Higher
higher dose treatment Dose Treatment Line

If both APAP levels are
below Standard
Treatment Line

lines
No treatment Start standard NAC dose (v S(::lrt)glfgi;::ﬁtdgisneical
needed IV or PO v

Pharmacology/Toxicology

Repeat APAP, CMP, PT/INR at:
NAC Dosin Hour 19 of 20 during Standard Dose NAC infusion
Hour 23 of 24 hour infusion of Higher NAC Dose in

Standard (IV and PO) After 24 hours of Oral NAC

Higher (IV only)

(Follow Continuation/Discontinuation Pathway)

**Accidental/exploratory single ingestions of < 200 mg/kg in children < 6 years
of age
(o]
Unintentional ingestions in older children > 6 years of age of < 200 mg/kg
(o]
< 10 grams, whichever is more, usually do not require referral and evaluation in
a healthcare facility or treatment
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Labs/Diagnostics
Acetaminophen concentration
CMP
PT/INR
Salicylate concentration
Urine HCG
ECG
Urine drug screen

Symptoms
NEINCE]
Vomiting
Clinical or lab evidence of hepatotoxicity
or liver failure

NAC 150mg/kg loading dose
Obtain APAP level
Obtain other labs

APAP < 10
APAP < 10 mcg/mL and

and Elevated AST, APAP 11-150 mcg/mL APAP > 150 mcg/mL
AST <50

prolonged PT/INR

Consult Clinical
Pharmacology /
Toxicology

Start Standard or
Higher NAC dose
depending on
multiple factors

Consult Clinical

Pharmacology/ Start Standard NAC
Toxicology to determine dose IV or PO

whether to start NAC

No treatment needed

Repeat APAP, CMP, PT/INR at:

e Hour 19 of 20 during Standard Dose NAC infusion
e Hour 23 of 24 hour infusion of Higher NAC Dose in
e After 24 hours of Oral NAC

(Follow Continuation/Discontinuation Pathway)

NAC Dosing

Standard (IV and PO)
Higher (IV only)
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End of maintenance NAC infusion

Re-evaluate
Repeat APAP, CMP, PT/INR at:

e Hour 19 of 20 during Standard Dose NAC infusion
e Hour 23 of 24 hour infusion of Higher NAC Dose infusion
e After 24 hours of Oral NAC

Discontinuation Criteria Continuation Criteria
(all criteria must be met)

APAP < 10 mcg/mL APAP > 10 mcg/mL

AST decreasing value for 2 consecutive AST >100 and increasing™

measurements (AST < 1000) INR > 2

INR< 2 Evidence of acute liver failure

No evidence of liver failure OR improving

prognostic markers if acute liver injury/failure

initially present (e.g. creatinine, lactate, pH,

phosphate, encephalopathy, metabolic acidosis)

Clinical improvement

Continue Standard NAC 200mg/kg/20 hours
dose IV including patients given 24 hours of
Higher NAC Dose

Stop treatment * Small fluctuations in AST (e.g. +/- 20 IU/L or +/- 10% of
previous measured value) are common and do not on
their own indicate the need for ongoing NAC

NAC Dosing

Standard (IV and PO)
Higher (IV only)
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MMatthew-Rumack Nomogram Adaptation for Modified NAC Regimens
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Intravenous NAC:

. ig ion:
Standard NAC Dose Infusion: Higher NAC Dose Infusion

*RESTRICTED — Must get Pharmacology / Toxicology

Loading Dose: .
Loading Dose: 150mg/kg (max 15 approval before ordering

grams) over 1 hour

- Loading dose: 150mg/kg (max 15 grams) over 1 hour

. . then
Maintenance Dose: continuous

infusion of 200mg/kg/over 20 hours

i Dose: i i
(max 20grams in 20 hours) Maintenance Dose: continuous Infusion of 480mg/kg/

over 24 hours (max 48 grams in 24 hours)

Total Dose: (in 21 hours) 350mg/kg Total dose: (in 25 hours) 630mg/ke

Oral NAC

Standard Oral NAC Dosing:

Loading dose: 140 mg/kg (max 15 grams)
Maintenance Dose: 70mg/kg/dose (max 7 grams) every 4 hours for 12 doses

The maintenance dose course may be shortened depending on APAP concentration and AST
measurements after 24 hours.

ADVERSE REACTIONS TO NAC:

Anaphylactoid or hypersensitivity reactions may occur in up to 18% of patients with the Loading Dose and can include
flushing, itching, hives, or rarely bronchospasm and hypotension.

Anaphylactoid reactions are attributed to both the dose and concentration of NAC and are caused by non-IgE-mediated

release of histamine.

If not self-limited, then stop the infusion and administer antihistamine (diphenhydramine: 1-1.25mg/kg/dose).

Once symptoms resolve, re-start the IV NAC at a slower rate. Rarely severe intolerance will require a switch to oral NAC
therapy.

If there is a history of atopy or moderate-severe asthma, then consider a slower Loading Dose Rate over 2-3 hours.
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DEFINITIONS OF APAP INGESTIONS THAT MAY BE ASSOCIATED
WITH HEPATOTOXICITY

Acute Single Immediate-Release Ingestions: the entire ingestion occurs within a single 4-hour
period.

e Accidental/exploratory single ingestions of < 200 mg/kg in children < 6 years of age or
unintentional ingestions in older children > 6 years of age < 200 mg/kg or < 10 grams,
whichever is more, usually do not require referral and evaluation in a healthcare facility or
treatment.

Massive APAP Ingestion: History of ingestion = 25 grams

Repeated supra-therapeutic ingestions: > 10 grams or > 200 mg/kg (whichever is less) over a single
24-hour period OR >150 mg/kg/day or 6 grams/day (whichever is less) in a 48 hour period OR > 100
mg/kg/day or 4 grams/day (whichever is less) during a 72 hour period or longer when there are risk
factors: alcohol use disorder, isoniazid therapy, underlying liver disease, prolonged fasting,
malnutrition, catabolic states (e.g. anorexia, post-surgical), febrile illnesses in infants and young
children, and/or concomitant use of CYP2E1 inducing medications.

Extended-release APAP ingestions: Formulations of APAP that contain both 325 mg of immediate
release and an additional 325 mg dose designed for delayed dissolution. Based on multiple studies,
utilization of the treatment nomogram is possible for acute, single substance extended-release
preparation ingestions, although measurement of at least 2 APAP concentrations is recommended.
“Nomogram crossing” due to delayed peak absorption from the formulation was found in very few
patients and did not correlate with worse clinical outcome.

Ingestion of APAP co-formulations that delay gastric emptying Formulations of APAP that contain
diphenhydramine, doxylamine or an opioid that may delay gastric emptying and cause a delay in
peak absorption may require multiple APAP concentrations to determine toxicity risk and decision
to initiate NAC therapy

“Delayed Presenters”: Patients who present more than 24 hours after either single acute ingestion
or repeated supra-therapeutic ingestions may present with evidence of hepatotoxicity or acute liver
failure. NAC therapy may be indicated in these patients based on evidence of its additional
mechanisms resulting in favorable effects on the acutely injured liver, improving systemic
hemodynamics and tissue oxygen delivery.

Acute liver failure: Severe acute liver injury with impaired synthetic function (prolonged
Prothrombin time) and encephalopathy.
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Metrics

1. Time to medical clearance (Time to transfer — end of IV NAC infusion)

2. Type and length of infusion: Standard NAC, Standard NAC + continuation,
Higher NAC, Higher NAC + continuation

3. Were IV NAC continuation metrics met?

4. Peak AST and ALT

5. Order set utilization
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Erica Liebelt, MD — Clinical Pharmacology & Toxicology and Pediatric
Emergency Medicine
Hank Farrar, MD — Clinical Pharmacology/Toxicology
Andrew Fowler, MD — Pediatric Residency program
Abdallah Dalabih, MD — Clinical Effectiveness & Outcomes
Emily Rader, RN — Clinical Effectiveness & Outcomes
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