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Disclosures

ÅI was the local PI at CHOP for a safety trial of IV 
acetaminophen in children sponsored by 
Cadence Pharmaceuticals (CPI-APA-352): 
A phase III multi-center, open-label, prospective, 
repeated dose, multi-day study of the safety and efficacy 
of intravenous acetaminophen in pediatric inpatients

ÅIV acetaminophen (Acetavance®) has not been 
approved for use by the FDA



Objectives

ÅPharmacokinetics of enteral acetaminophen 

(APAP) in children

ÅMetabolic pathways of APAP

ÅPharmacokinetics of IV APAP in children

ÅSafety of IV APAP

ÅAdministration guidelines for IV APAP

ïDosing

ïTechnical considerations



Postoperative Analgesia

ÅOpioids only drugs approved for IV analgesia in 
children

ÅOpioids associated with adverse effects

ïPONV

ïPruritus

ïConstipation

ïProlonged PACU stay

ÅNSAIDS not approved; risk of bleeding

ÅEnteral acetaminophen effect delayed, 
unpredictable blood levels



Pharmacokinetics of Enteral 

Acetaminophen

ÅWide range of blood levels seen with both 

oral and rectal administration

ÅVariability among preparations

ïElixir, solution, suppository, etc.

ÅConcentration:response relationship well 

established for fever (10 mg/L) but not for 

pain



10 mg/L may be effective 

concentration for pain relief

Anderson BJ, Anesthesiology 1999



Variability in blood levels: enteral 

Anderson BJ et al, Anesthesiology 1999

RECTAL

ORAL



Plasma levels depend on mode of 

administration

Anderson BJ et al, Anesthesiology 2002



Pharmacokinetic differences in 

neonates and infants

ÅLonger elimination half life in neonates:
ïas high as 11 hours in 28 to 32 weeks GA

ï4.8 hours in 32 to 36 weeks

ï3.5 hours for term neonates 

ïapproximately 2 hours in infants and older children 
and 2 to 3 hours in adults

ÅHigher percentage of excretion of unchanged 
acetaminophen in neonates (25%) compared 
with older children and adults (3 to 5%) 

Arana A, Morton NS, Hansen TG. Treatment with 
paracetamol in infants. Acta Anaesthesiol Scand 2001



Acetaminophen clearance increases 

slightly with PCA and postnatal age

Hopkins et al, Arch Dis Child 1990



Acetaminophen: PK

ÅReduced dosing and/or longer dosing 
interval to get similar plasma 
concentrations in neonates, even longer 
dosing interval in preterm neonates (q8h)

ÅDaily maximum for rectal dosing = daily 
maximum for oral dosing

ÅMaximum daily dosing:

full term: 60-80 mg/kg/day

28 - 32 weeks:     ? 45 mg/kg/day



Dosing regimens to achieve a target 

plasma concentration of 10mg/L



A Prospective, Multi-Center, Randomized, 

Open-label, Single and Repeated Dose, 

48-hour Study of Intravenous 

Acetaminophen in Pediatric Inpatients to 

Determine Pharmacokinetics and Safety in 

Acute Pain and Fever (CPI-APA-102)

PI: A Zuppa, CHOP



Objectives

1. To define single and multiple-dose PK of 

IV acetaminophen at various dosing 

regimens in pediatric inpatients

2. To assess the safety of repeated doses 

of IV acetaminophen under various 

dosing regimens in pediatric inpatients



Study Design

ÅRandomized, open-label, multicenter study in 

pediatric inpatients at 5 centers in U.S.A. 

ÅPopulation pharmacokinetic analysis of plasma 

acetaminophen in blood collected over 2 days

ÅSafety evaluated in terms of liver function tests 

(LFTs), vital signs, adverse event (AE) 

recording, and concomitant medications

ÅUrinary metabolites measured



Main Inclusion Criteria

ÅPediatric inpatients stratified by age:
ïFull-term neonates (Ò28 days and PCA of 37 weeks)

ïInfants (29 days to <2 yrs old)

ïChildren (2 yrs to <12 yrs old)

ïAdolescents (12 yrs to Ò16 yrs old)

ÅAnalgesic treatment for acute pain or

ÅAntipyretic treatment for fever

ÅIV access required for the duration of the study 

ÅFree of other physical, mental, or medical 
conditions that made study participation 
inadvisable



Main Exclusion Criteria

ÅNot able to comply with plasma sampling 
requirements

ÅKnown sensitivity to acetaminophen or inactive 
excipients of IV acetaminophen

ÅUse of acetaminophen in 12 hours prior 

ÅSignificantly impaired liver or renal function

ÅAny of the following in 48 hours prior: 
probenecid, disulfiram, isoniazide, St. Johnôs 
wort, skullcap, chaparral, comfrey, germander, 
jin bu huan, kava, pennyroyal, or valerian



Treatments

ÅRepeated doses as 15 minute infusions 

ÅFull-term neonates randomized to:

12.5 mg/kg q6h or 15 mg/kg q8h

(maximum daily dose for neonates was 50 mg/kg)

ÅInfants, children, and adolescents randomized to:

12.5 mg/kg q4h (maximum of 660 mg/dose) or

15 mg/kg q6h (maximum of 1 g/dose)

(maximum daily dose 75mg/kg or 4 g, whichever was     

less)



PK Parameters Across Age Strata

ÅMedian terminal elimination half-life 

ïcomparable across infants, children, and adolescents

ïlonger in neonates (3.9/4.2 hours for 12.5/15 

mg/kg, respectively) than in infants, children, and 

adolescents (median values 2.4 to 2.9 hours)

ÅDifferences in median Cmax values across age 

strata for a given dose were negligible

ÅCmax appeared to increase in a dose proportional 

manner



Maturation of Clearance Versus 

Post-natal Age



APAP clearance increases with 

postnatal age (propacetamol)

Allegaert et al, Eur J Pharm 2004



Neonates had rising APAP levels 

with q6 dosing



Conclusions CPI-APA-102
ÅIntravenous acetaminophen was well tolerated

ÅThe mean CL and Vd values of acetaminophen 

derived with the final Population PK Model were 

consistent with previously reported values 

ÅThere was no trend between 

ïindividual AUC / Cmax and percent change from 

baseline in LFTs 

ïbetween individual values for urinary excretion of 

glutathione adducts and LFT values


