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Alert Paracetamol overdose may be asymptomatic initially and early assessment is recommended.
Discuss all cases with the Poisons Information Centre (13 11 26 nation-wide) or local toxicology
service.

Check correct units are read from the nomogram (previously micromol/L and now mg/L).
Anaphylactic reactions to acetylcysteine usually occur in the first few hours of infusion.

Indication Treatment of ORAL paracetamol overdose:
e Indications for treatment:

e Single acute ingestion 2200 mg/kg and serum paracetamol concentration (taken 4-16
hours post-ingestion) is above treatment line on the nomogram (see special comments).

e Ingestion of liquid paracetamol with a 4-hour serum paracetamol concentration above
150 mg/L (1000 micromol/L).

e Ingestion of sustained release paracetamol 2200 mg/kg or > 10 gram (whichever is less) or,
if ingested less than this dose, where either of two serum paracetamol concentrations
(taken 4 hours apart) is above the nomogram line.

e  Repeated supratherapeutic ingestions as per the recommended algorithm:

o >200 mg/kg over a single 24-hour period

o >300 mg/kg over a 48-hour period for the preceding 48 hours

o >60 mg/kg per 24-hour period for more than 48 hours

o If above criteria met, measure serum paracetamol and ALT concentrations. If ALT
above upper limit of normal or paracetamol concentration >20 mg/L (132
micromol/L), commence acetylcysteine.

e Established hepatotoxicity (deranged transaminases or coagulations studies).

e When serum paracetamol concentrations will not be available for >8 hours post-acute
ingestion

e Massive acute ingestion (more than 400mg/kg or paracetamol concentration is greater
than twice the nomogram value at that time) needs special attention and urgent
consultation

e Discuss other presenting scenarios with a Toxicologist.

Treatment of INTRAVENOUS paracetamol overdose:

e Consider acetylcysteine treatment for:
e Single IV dose of >60 mg/kg
e Serum paracetamol concentration above 50 mg/L (330 micromol/L) at 4 h after exposure
e Evidence of acute liver injury

Action Acetylcysteine prevents glutathione depletion and minimises hepatocyte injury caused by
paracetamol overdose.

Drug Type Antidote.

Trade Name DBL acetylcysteine injection concentrate, Acetadote Concentrated Injection (Solution for infusion)
Acetylcysteine-Link Concentrate for infusion

Presentation DBL acetylcysteine injection concentrate 20% (200 mg/mL, 10 mL ampoule)

Acetadote Concentrated Injection (Solution for infusion) 20 % (200 mg/mL, 30 mL vial)
Acetylcysteine-Link Concentrate for infusion 20% (200 mg/mL, 10 mL ampoule).

Dosage/Interval 1st IV infusion — acetylcysteine 200 mg/kg infusion over 4 hours, followed by
2" |V infusion — acetylcysteine 100 mg/kg infusion over 16 hours.

Maximum daily dose

Route Intravenous

Preparation/Dilution | Intravenous preparation for paracetamol toxicity

1st infusion — dilute acetylcysteine 200 mg/kg in 7 mL/kg 5% glucose (max 500 mL) and administer
over 4 hours, followed by

2nd infusion — dilute acetylcysteine 100 mg/kg in 14 mL/kg 5% glucose (max 1000 mL) and
administer over 16 hours.

Administration Intravenous for paracetamol overdose:
Administer via syringe driver in 2 steps over different time periods:
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1%t infusion: Over 4 hours.
2" infusion: Over 16 hours.

Monitoring

Near the completion of acetylcysteine infusion (i.e., 2 hours before completion of infusion),
measure serum ALT and paracetamol concentrations. Infants with acute liver injury:
o Monitoring:
o ALT—every 12 hours
o INR—-every 12 hours
o Paracetamol concentration — every 12 hours
o EUC/BGL - daily
o ABGIif clinical deterioration
o Acetylcysteine should be continued (at the dose and rate of the 2" infusion) until the patient is
clinically improving, ALT levels are decreasing, the INR is improving and <2 and the paracetamol
concentration is less than 10 mg/L (66 mmol/L).
o Regular clinical review and 12-hourly (or more frequent) blood tests are to be performed until
acetylcysteine is ceased.

Precautions

Hypersensitivity or previous anaphylactic reaction to acetylcysteine or any component of the
preparation. Note that non-IgE-mediated anaphylactic reactions are common, usually occur during
loading doses and can be managed with discontinuation of the infusion, administration of
antihistamines and then restarting the loading dose at a slower infusion rate.

Drug Interactions

No information is available on the interaction of acetylcysteine with other medicines.

Adverse Reactions

Gastrointestinal effects such as nausea and vomiting.
The rate of anaphylactic reactions is low with the current 2-bag infusion. Adverse reactions range
from mild cutaneous reactions (rashes, flushing/erythema and urticaria) to less common and more
severe reactions (angioedema, bronchospasm and hypotension).
May cause hyponatraemia and fluid overload especially in sick and very preterm infants.
What to do when adverse reactions to acetylcysteine occur:

o Cease acetylcysteine immediately

o Steroid

o Antihistamine

o Acetylcysteine may be recommenced after 1 hour at half the rate, if the adverse reactions

have abated and clinical improvement occurs.

Compatibility

Acetylcysteine brand Compatibility

Sodium chloride 0.9% Glucose 5%
Acetadote (Phebra) X N
Acetylcystenine-DBL (Hospira) N N
Acetylcysteine-Link (Link) N N

Y-site: Cefepime, ceftazidime, , heparin sodium, naloxone hydrochloride, vancomycin hydrochloride

Incompatibility

Acetylcysteine brand Compatibility
Sodium chloride 0.9% Glucose 5%

Acetadote (Phebra) X N
Acetylcystenine-DBL (Hospira) N N
Acetylcysteine-Link (Link) N N

Stability To reduce microbiological hazard, use as soon as practicable after dilution. If storage is necessary,

hold at 2 to 8°C for not more than 24 hours.
Storage Store the unopened vial below 25°C. Protect from light.

Product is for single use in one patient only. Discard any residue.

Special Comments

Paracetamol treatment nomogram for acute paracetamol ingestion with known time of ingestion

(2]
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Notes: The paracetamol nomogram is only validated for single acute ingestions in adults.
Beware units are different on right and left axes.

Evidence summary

Paracetamol overdose

Paracetamol (acetaminophen) is involved in a large proportion of accidental paediatric over-
exposures and deliberate self-poisoning cases, although subsequent hepatic failure and death are
both uncommon outcomes [2]. Paracetamol overdose is less common in neonatal care with case
reports related to maternal ingestion whilst pregnant with delivery of an infant with high
paracetamol concentrations [3-7], and both oral [8-12] and intravenous (IV) [13-18] paracetamol
use in the neonate.

Paracetamol is rapidly absorbed from the small intestine with peak serum concentrations 1-2 hours
for standard tablet or capsule formulations and within 30 minutes for liquid preparations. Peak
serum concentrations after therapeutic doses do not usually exceed 20 mg/L (130 micromol/L).
Twenty per cent of the ingested dose undergoes first-pass metabolism in the gut wall (sulfation).
Further elimination occurs in the liver with about 90% metabolised to inactive sulfate and
glucuronide conjugates that are excreted in the urine. Metabolism of the remainder is via
cytochrome P450 and results in the highly reactive compound N-acetyl-p-benzoquinone imine
(NAPQI). In normal conditions, NAPQI is immediately bound by intracellular glutathione and
eliminated in the urine as mercapturic adducts. With increased paracetamol doses, greater
production of NAPQI may deplete glutathione stores. When glutathione depletion reaches a critical
level (about 30% of normal stores), NAPQI binds to other proteins, causing damage to the
hepatocyte. Glutathione depletion may also be injurious. [2]

Paracetamol clearance is lower in neonates than in children and adults. The volume of distribution
was 70.4 L/70 kg and the clearance increased from 2.85 L/h/70 kg at 27 weeks to 7.05 L/h/70 kg by
42 weeks PMA. Clearance increased only slightly with PMA (0.138 L/kg/h at 28 weeks PMA to 0.167
L/kg/h at 44 weeks PMA). Paracetamol clearance in neonates was one third of the mature value
reported in adults (16.2 L/h/70 kg). [19] Reported paracetamol elimination half-life has ranged from
11 hours in premature infants to 4 to 5 hours in term neonates after rectal dosing, compared to
adult values of 2 to 4 hours. [20] Elimination half-life after IV administration day of life 1 ranged
from 4.6 hours in preterm newborns to 2.9 hours in term newborns. [20] However, much slower
clearance rates have been reported in newborn infants after paracetamol overdose, including in a
585 g infant after a cumulative dose of only 29.1 mg/kg within 3 hours, with a peak paracetamol
concentration of (51.1 mg/L (338 micromol/L) at 30 minutes after the last dose, with an apparent
half-life of 14.8 hours [8, 9, 14].
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Individual cases with hepatic toxicity related to paracetamol in newborns have been reported.
Overall, the number of cases reported is limited to significant overdoses (75-446 mg/kg), most
commonly as a result of an in-hospital 10-fold drug dosing error [19]. In infants and children,

hepatotoxicity has been reported over a dosage range of 60-420 mg/kg/day for 1-42 days [1].

Prediction of paracetamol toxicity

Several nomograms that provide a treatment threshold related to time of single ingestion have
been developed for prediction of paracetamol toxicity but have not been validated in newborns.
[21] The original Prescott line commenced at 200 mg/L at 4 hours and reached 10 mg/L at
approximately 22 hours. Rumack and Matthew amended this to start at 150 mg/L at 4 hours and
reach 10 mg/L at approximately 20 hours to provide a safety buffer. The current UK nomogram
commences at a paracetamol concentration 100 mg/L at 4 hours and reaches 10 mg/L at
approximately 18 hours, lowered due to a case fatality report [22]. The efficacy and safety of dosing
acetylcysteine according to the Rumack—Matthew nomogram has been demonstrated in a study of
more than 11 000 patients, with no deaths among patients who were treated within 15 hours [23].
The 150 mg/L at 4 hours nomogram is currently recommended for use in the USA, Canada, Australia
and New Zealand [22, 24].

Acetylcysteine pharmacokinetics

Acetylcysteine prevents glutathione depletion and minimises hepatocyte injury caused by a number
of different toxins including NAPQI [25]. There are few studies on the pharmacokinetics of
acetylcysteine and the pharmacokinetics of paracetamol are dose dependent and altered by liver
injury [21]. An IV acetylcysteine regimen was first described by Prescott in 1977 [26], with limited
pharmacokinetic data reported in 17 patients with severe paracetamol poisoning treated with a
mean volume of distribution 0.5 litre/kg and mean elimination half-life of 5.7 hours [27]. Similar
data suggested the initial loading regimen resulted in excessively high maximal concentrations
(Cmax) and then declining plasma concentrations despite the 16-hour maintenance infusion [25, 28].

Safety and adverse reactions

Adverse reactions to IV acetylcysteine include gastrointestinal effects such as nausea and vomiting
and non-allergic (non-IgE mediated) anaphylactic reactions in 14% to 75% of patients ranging from
mild cutaneous reactions (rashes, flushing/erythema and urticaria) to less common and more
severe reactions (angioedema, bronchospasm and hypotension). [29] The incidence and severity of
non-allergic anaphylactic reactions may be influenced by the rate of acetylcysteine infusion.
Anaphylactic reactions usually occur during loading doses and can be managed with discontinuation
of the infusion, administration of antihistamines and then restarting the loading dose at a slower
infusion rate [30]. Gastrointestinal effects are more common with oral dosing.

The dosing regimen for IV acetylcysteine is complicated and prone to errors in preparation and
administration. The proprietary acetylcysteine solution is 10 mg/ml, and may be subject to
potentially hazardous administration of inadequate dosages and 10-fold excess dose calculation
errors. Reported adverse reactions to overdose include haemolysis and acute kidney injury, cerebral
oedema and seizures, and ST-elevation myocardial infarction with subsequent death due to heart
failure. [25]

Premature infants are at risk for fluid overload, hyponatraemia, and blood loss with frequent blood
draws, when administered NAC IV for paracetamol toxicity [31]. Hyponatraemia associated with
acetylcysteine in glucose 5% infusion in children was reduced by using sodium chloride 0.18% +
glucose 5% infusions [LOE 111-3 GOR C]. Due to incompatibility, this cannot be done with the Phebra
product (Acetadote).

Efficacy: Treatment of paracetamol overdose
Current management of paracetamol poisoning involves the administration of IV or oral
acetylcysteine which is based mainly on observational studies. Results from these observational
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studies indicate that treatment with acetylcysteine seems to result in a decrease in morbidity and
mortality. [32] There are no clinical trials of acetylcysteine treatment for paracetamol poisoning in
newborn infants. Current observations are limited to case reports.

Acetylcysteine versus placebo: A single RCT in adults with paracetamol-induced fulminant hepatic
failure (n = 50) using a 20.15 hour IV protocol with total dose 300 mg/kg reported increased survival
was higher in the acetylcysteine group (48% vs 20%) with a lower incidence of morbidity including
cerebral oedema and hypotension needing inotropic support. [33]

Oral versus intravenous acetylcysteine: Oral regimens for treatment of paracetamol overdose have
not been reported in newborn infants and therefore are not recommended.

In adults, a systematic review and meta-analysis of observation studies identified 16 reports
including 5164 cases, with direct comparisons lacking. [34] Overall, there was no difference in
overall rate of paracetamol-induced hepatotoxicity after use of oral versus IV routes (12.6% and
13.2% respectively). In a stratified analysis by timing of treatment, there was no difference in
hepatotoxicity for infants with treatment commenced prior to 8 to 10 hours of paracetamol
overdose (5.3% versus 5.9%) and no difference in hepatotoxicity for patients treated late (23.3%
versus 26.3%).

Two RCTs have compared IV acetylcysteine regimens to regimens including oral treatment in adults
with paracetamol overdose. Eizadi-Mood, 2013 [35] compared an IV protocol with a total dose of
300 mg/kg over 20.30 hours including 150 mg/kg loading dose over 30 minutes versus an oral
loading dose 140 mg/kg regimen then IV infusion to a total dose 290 mg/kg over 20 hours.
Anaphylactic reactions were observed in 60.7% of the IV group and 13.3% of the oral group (P value
= 0.004). Efficacy was not reported. [LOE 1] Arefi, 2013 [36] compared a 20-hour IV protocol with
the 72-hour US oral protocol. There were no differences in liver function tests and prothrombin
index 24, 48 and 72 hours after treatment, but nausea and hypotension occurred more frequently
in the oral group (57.6% vs. 33.3%, and 12.1% vs. 0% respectively; p <0.05).

Different acetylcysteine dosage regimens: There are insufficient data from RCTs to determine the
relative efficacy of different IV acetylcysteine regimens. Children were not included in the majority
of trials. Hence, the evidence pertains only to adults. [32]

Several studies have assessed the effect of longer loading-dose regimens for reducing side effects
due to anaphylactic reactions and shorter total duration of infusion in lower-risk patients with
paracetamol overdose. In an RCT, Kerr 2005 [37] compared a loading dose regimen of 150 mg/kg IV
in 200 mL of glucose 5% over 60 min versus the same over 15 minutes as part of a 20-hour IV
regimen with total dose 300 mg/kg. There was no mortality in either group (slower 0/71 versus
rapid 0/109), no difference in hepatotoxicity (slower 5/68 versus rapid 6/107; RR 1.34, 95%Cl 0.39,
4.56), but reduced adverse events with a slower loading regimen (slower 43/71 versus rapid
82/109; RR 0.51, 95%Cl 0.27, 0.96). [LOE Il]

In an RCT, Bateman 2014 [38] compared the UK standard IV schedule consisting of 150 mg/kg in 200
mL over 15 min, then 50 mg/kg in 0-5 L over 4 hours, then 100 mg/kg in 1 L over 16 hours IV [total
dose 300 mg/kg over 20.25 hours] versus a modified short IV protocol consisting of 100 mg/kg in
200 mL over 2 hours, then 200 mg/kg in 1 L over 10 hours [total dose 300 mg/kg over 12 hours]. The
shorter 12-hour regimen resulted in reduced vomiting, retching or use of antiemetics from 0 to 12
hours (60/101 versus 80/102; RR 0.40, 95%Cl 0.22, 0.75) and reduced anaphylactic symptoms
(58/108 versus 75/100; R 0.39, 95%Cl 0.21, 0.70). There was no difference in hepatotoxicity (2/100
versus 3/101; RR 0.67, 95%CI 0.11, 4.08) and no mortality in either group (0/112 versus 0/110). [LOE
1]
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Both Wong 2016 [39] and McNulty 2017 [40] compared patients treated with 200 mg/kg over 4
hours followed by 100 mg/kg over 16 hours to a historical cohort treated with 150 mg/kg over 1
hour, then 50 mg/kg over 4 hours and 100 mg/kg over 16 hours. Both studies reported reduced
non-allergic anaphylactic reactions with the longer duration loading dose and no difference in rate
of gastrointestinal side effects or hepatotoxicity between groups. [LOE I11-3]

In a cluster RCT of 6 hospitals including 100 adult patients with paracetamol overdose, Wong 2019
[41] compared a shorter protocol of 200 mg/kg over 4 hours, then 6.25 mg/kg/hour in 1 L with
cessation of infusion after 8 hours of the second bag if the serum ALT was <40 IU/L, the creatinine
was normal and paracetamol concentration was less than 20 mg/L [total dosage 250 mg/kg over 12
hours], versus a longer protocol of 200 mg/kg over 4 hours, then 100 mg/kg over 16 hours [6.25
mg/kg/hour in 1 L] [total dosage 300 mg/kg over 20 hours]. There was no difference in ALT (18 IU/L
versus 16 |U/L) or INR (1.2 versus 1.2) at 20 hours. No patients developed hepatic injury or
hepatotoxicity in either group (OR 1.0, 95%CI 0.02, 50). No patients represented with liver injury,
none died and 96 of 96 were well at day 14. [LOE ]

Acetylcysteine use in newborn infants: Intravenous acetylcysteine use in newborn infants is
restricted to case reports with variable outcome including hepatotoxicity and death and variable
reporting of adverse effects [19]. A case report of an 895 g infant with a paracetamol concentration
of 1140 mg/L post-delivery used an IV acetylcysteine loading dose of 150 mg/kg over an hour, then
50 mg/kg over 4 hours and 100 mg/kg over 16 hours. A fourth dose was administered at

6.25 mg/kg/h for 16 hours. The observed half-life of elimination of acetaminophen was 15 hours.
Acetylcysteine was well tolerated. [31] Another case report in a 585 g infant used a loading dose of
150 mg/kg IV over 30 minutes, followed by 50 mg/kg over 4 hours and 100 mg/kg over 16 hours.
The infant developed hypotension requiring inotropes after 5 hours of infusion. [14]

Recommendation

In infants and children, hepatotoxicity has been reported over a dosage range of 60-420 mg/kg/day
for 1-42 days [1]. A lower treatment threshold of 60 mg/kg following IV paracetamol overdose
should be considered. If there is uncertainty about the dose received, treat if paracetamol
concentration is above 50 mg/L (330 micromol/L) at 4 hours after exposure.

Until further pharmacokinetic data and trials are available in newborn infants, infants should be
commenced on a regimen of 200 mg/kg over 4 hours followed by 100 mg/kg over 16 hours.

Near the completion of acetylcysteine infusion (i.e., 2 hours before completion of infusion),
measure serum ALT and paracetamol concentrations. Acetylcysteine infusion should be continued if
the ALT level is increasing (>50 U/L) or the paracetamol concentration is >10 mg/L (66 mmol/L).
Discontinue acetylcysteine if serial paracetamol concentrations measured 4 hours apart are below
the nomogram line and decreasing and the ALT or AST and INR are all falling. [22, 24]
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