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Executive Summary:  

Acetaminophen injection is the first non-narcotic, non-nonsteroidal antiinflammatory drug (NSAID) analgesic for intravenous administration approved in the US.

Acetaminophen injection was approved by the FDA in November 2010 for the treatment of mild to moderate pain, as an adjunct to opioid analgesics in the treatment of moderate to severe pain, and for fever reduction. 

The recommended dose of IV acetaminophen is weight-based, with a maximum single dose of 1000 mg and maximum daily dose of 4000 mg for patients weighing 50 kg or more.

Contraindications, warnings, and precautions for use of IV acetaminophen are similar to those for oral acetaminophen. 

There was no difference in pain outcomes when IV acetaminophen was compared to active controls (morphine, NSAIDs) for the treatment of post-operative pain. 
Approximately 37% of participants receiving IV propacetamol/acetaminophen experienced at least 50% pain relief over four hours compared with 16% of those receiving placebo (NNT = 4.0; 95% confidence interval 3.5 to 4.8).

Adjunctive use of IV acetaminophen with postoperative analgesics has been shown to result in decreased use of rescue medication and morphine consumption by approximately 20-46% but did not reduce the incidence of opioid related adverse events. 
For fever reduction, IV acetaminophen has been shown to be superior to oral acetaminophen up to 2 hours after administration. Treatment with IV acetaminophen blunted the mean peak temperature (39.7 vs 39.9°C) and produced an earlier and steeper falloff from the peak temperature with no difference in rescue medication or adverse events between the two groups.
Intravenous acetaminophen is well tolerated. The most common adverse events observed in adult patients receiving IV acetaminophen when compared to placebo were nausea, vomiting, headache, and insomnia (incidence > 5%).

Acetaminophen has few drug interactions and is safe to use with most medications. 

Conclusion: There is extensive data and many years of non-U.S. clinical experience that support the safety and efficacy of IV acetaminophen in the treatment of pain and fever, but only a small number of studies were head-to-head or active-controlled trials. These trials evaluated IV acetaminophen for postoperative dental, coronary artery bypass graft, cesarean section, and tonsillectomy pain; pain from renal colic, propofol injection, acute traumatic limb injury; and fever reduction.  In the acute pain conditions studied, IV acetaminophen is comparable to oral acetaminophen, IV morphine and oral NSAID in terms of magnitude of pain reduction. The advantages of IV acetaminophen when used for short periods include a slightly faster onset of action and a more effective initial 2-hour antipyretic effect than oral acetaminophen; potential decreased risk of adverse events relative to injectable morphine (although this finding requires better designed trials for confirmation); and lower risk of gastrointestinal adverse events relative to oral NSAIDs. Compared with PCA morphine alone, the combination of IV acetaminophen plus morphine postoperatively may lower opioid requirements to a relatively small degree, but seems to have no effect on the incidence of opioid-related gastrointestinal effects.

IV acetaminophen use in the postoperative setting has a quicker onset of analgesia than oral acetaminophen and can be used when oral or rectal administration of medication is not possible or is impractical. IV acetaminophen lacks certain contraindications and boxed warnings listed for opioid analgesics and NSAIDs, and is an alternative analgesic when opioids and NSAIDs are inappropriate. 

The advantages of IV acetaminophen are offset by a drug acquisition cost that is 37–134 times higher than alternative non-oral formulary agents.



Introduction

Acetaminophen for injection (OFIRMEVTM by Cadence Pharmaceuticals, Inc.) was approved by the FDA on November 2, 2010 for the treatment of mild to moderate pain, as an adjunct to opioid analgesics in the treatment of moderate to severe pain, and for fever reduction.1 It is the first non-opioid, non-NSAID analgesic available for IV administration in the U.S. Intravenous acetaminophen is approved for the short-term treatment of acute pain and fever in adults in over 60 countries around the world. Approximately 440 million doses have been administered in Europe since its approval. 2 

Acetaminophen has been used safely and effectively as an analgesic and antipyretic agent since its first clinical use in 1887.2 Until the approval of the IV formulation, acetaminophen was available in the US for oral or rectal administration only. 

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating IV acetaminophen for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1, 3-5, 18,19
The exact mechanism of action by which acetaminophen produces its analgesic and antipyretic effects is not well understood, though it appears to mediate its actions centrally and involve the inhibition of cyclooxygenase.3,18 When compared to oral acetaminophen, the maximum plasma concentration (Cmax) of acetaminophen achieved by IV administration is 70% higher with a similar AUC, and is reached by the end of the 15 minute infusion. This rapid, high Cmax achieved by IV acetaminophen appears to be responsible for its earlier onset of action compared to oral and rectal administration.3, 4 

Metabolism of acetaminophen occurs in the liver by first order kinetics and is independent of route of administration.1 Three distinct pathways are involved in its metabolism: glucuronidation (50-60%), sulfonation (25-30%), and oxidation (<10%). It is important to note that the liver burden of acetaminophen with IV administration is decreased to about half that of oral administration, though it is unknown if this results in less risk of hepatic injury.5  

Acetaminophen metabolites are excreted primarily in the urine. The half-life may be prolonged in severe renal insufficiency (2-5.3 hours) or following toxic doses.19   
Table 1  Pharmacokinetic Parameters of Various Dosage Forms of Acetaminophen
	Parameter
	Acetaminophen IV
	Acetaminophen Oral
	Acetaminophen Rectal

	Metabolism
	Liver:*
Glucuronidation

Sulfonation

Oxidation
	Liver:

Glucuronidation

Sulfonation

Oxidation
	Liver:

Glucuronidation

Sulfonation

Oxidation

	Elimination
	Urine
	Urine
	Urine

	Half-life
	~ 2.5 hours
	~ 2.5 hours
	~ 2.5 hours

	Protein Binding
	10 – 25%
	10 – 25%
	10 – 25%

	Bioavailability
	100%
	85% to 98%
	Variable


*IV Acetaminophen bypasses first-pass metabolism

FDA Approved Indication(s) and Off-label Uses 1
IV acetaminophen was approved November 2010 for the following indications:

· Management of mild to moderate pain
· Management of moderate to severe pain with adjunctive opioid analgesics
· Reduction of fever. 

A potential off-label use for IV acetaminophen is the prevention or treatment of pain induced by propofol injections.  

Current VA National Formulary Alternatives
Table 2   Treatment of mild-to-moderate pain
	Non-opioid

	Oral
	Rectal
	Injection

	APAP (tablet, liquid)
Aspirin (tablet)
Ibuprofen (tablet, suspension) Naproxen (tablet) 
Etodolac (capsule, tablet) Diclofenac (tablet) 
	APAP (suppository)
	N/A

	Opioid

	Oral
	Rectal
	Injection

	Codeine (tablets)
APAP/codeine (tablets, elixir)
	N/A
	N/A


APAP: acetaminophen

Table 3  Treatment of moderate- to-severe pain:

	Non-opioid

	Oral
	Rectal
	Injection

	Tramadol (tablets)
	N/A
	Ketorolac (IV)



	Opioid

	Oral
	Rectal
	Injection 

	Opioid (codeine, hydromorphone,  oxycodone, morphine)

APAP/opioid combination (APAP/hydrocodone, APAP, oxycodone)
	N/A
	Opioids (IV or IM)
(morphine, hydromorphone)


APAP: acetaminophen

Table 4  Reduction of fever:

	Oral
	Rectal
	Injection

	Acetaminophen

NSAIDS
	Acetaminophen
	N/A


Table 5  Prevention of Propofol Injection Pain:

	Oral
	Rectal
	Injection

	N/A
	N/A
	Opioids (IV, e.g. fentanyl)

Ketamine (IV)

Ketorolac (IV)
Lidocaine (IV)


Dosage and Administration1,18
Intravenous acetaminophen can be administered as a single dose or repeated doses with a minimum dosing interval of 4 hours. When converting between oral acetaminophen and intravenous acetaminophen no dose adjustments are needed. Maximum daily dose is 4 grams and includes total amount of acetaminophen administered by all routes including oral, rectal, and IV and from all acetaminophen containing products. The product should be administered as a 15-minute infusion with a maximum single dose of 1,000 mg.1


Recommended dosing: 
Weight ≥ 50 kg: 650 mg every 4 hours or 1000 mg every 6 hours. Maximum daily dose is 4000 mg and maximum single dose is 1000 mg.
Weight < 50 kg: 12.5 mg/kg every 4 hours or 15 mg/kg every 6 hours. Maximum daily dose is 75 mg/kg/day up to 3750 mg and maximum single dose is 15 mg/kg.
Administration Instructions:

Intravenous acetaminophen does not require further dilution to be administered. The contents of the vial should be examined for particulate matter or discoloration before preparing and administering the dose. Aseptic technique should always be used when preparing IV acetaminophen.  Intravenous acetaminophen contains no preservative and should be used or discarded within 6 hours of penetrating the seal of a vial or transferring the solution to another container. 

Other medications should not be added to IV acetaminophen solution. Diazepam and chlorpromazine hydrochloride are physically incompatible with IV acetaminophen and should not be administered simultaneously.

For 1000 mg dose:  insert a vented intravenous set through septum of 100ml vial. Infuse entire contents of vial over 15 minutes. 

For doses <1000 mg: in order to avoid dosing errors, the appropriate dose must be withdrawn from the vial and transferred to a separate empty, sterile container for administration. Infuse measured dose over 15 minutes. The remaining contents of the vial must be discarded. 

Special Populations

Geriatric Patients:

No differences in safety or efficacy between younger and elderly patients were noted in clinical studies. 
Hepatic impairment:

Acetaminophen should be used with caution in patients with impaired hepatic function, and lower daily doses may be needed in these patients.

Renal impairment:

Acetaminophen is the drug of choice for treatment of acute or episodic pain in patients with renal disease. However, extended dosing intervals and/or lower daily doses of acetaminophen may be necessary in patients with severe kidney impairment (CrCl ≤30ml/min).

G6PD Deficiency

Case reports have associated acetaminophen overdoses with hemolysis in patients with G6PD deficiency,45,46,47 and one case reported  that hemolysis developed in a patient who received therapeutic doses of IV propacetamol.48 A small double-blind, placebo-controlled trial showed no cases of hemolysis after administration of acetaminophen in 17 children with G6PD deficiency.49 G6PD deficiency is not listed as a warning or precaution in the product information for acetaminophen injection. The product information for oral formulations states that acetaminophen at labeled doses “does not shorten the lifespan of red blood cells and can be used safely in patients with G6PD deficiency.”50 The risk of hemolysis from using acetaminophen in patients with G6PD deficiency is unclear.
Efficacy 

Approval of IV acetaminophen in the US was based on 3 pivotal trials – 2 evaluating its use in pain and one in fever (Table 6).6,7,11 Nonpivotal studies include trials evaluating IV propacetamol. Propacetamol is a prodrug that is immediately hydrolyzed by plasma esterases to acetaminophen (with complete conversion occurring within 7 minutes after intravenous administration),51 such that 2g of propacetamol is bioequivalent to 1g of acetaminophen.52 Studies evaluating propacetamol were included in this review because the dose of acetaminophen provided from 2g propacetamol is bioequivalent to the recommended dose of IV acetaminophen. However, it is important to note that studies show more adverse effects with propacetamol as compared to placebo, specifically injection pain, while most studies comparing IV acetaminophen and placebo show no difference in adverse effects.40
Table 6  Efficacy Trials

	Trial
	Study Treatments
	Design
	Results

	Pain Study 16
	IV APAP 1000mg (n=49)

IV propacetamol 2g (n=50)

Placebo (n=52)
	A randomized, double-blind, placebo-and-active controlled, repeated dose study 
	IV APAP

Propacet.

Placebo

TOTPAR

6.6 + 5.9
7.5 + 6.8
2.2 + 3.8
SPID

2.3 + 3.6
2.5 + 4.3
-0.6 + 3.5
SPRID

9.0 + 8.7
10 + 10.7
1.6 + 6.2
TOTPAR = weighted sums of pain relief

SPID = weighted sum of pain intensity differences, with pain measured on 
       a verbal scale

SPRID = weighted sum of pain relief – intensity differences


	Pain Study 27
	IV APAP 1000mg (n=92)

IV APAP 650mg (n=42)

Placebo 100ml (n=43)

Placebo 650ml (n=67)


	A randomized, double-blind, placebo controlled, repeated-dose study in postoperative pain
	Primary endpoint: SPID24 (VAS): 1000mg vs. combined placebo (-194.1 vs. -45.2mm; p=0.0068)

650mg vs. combined placebo (-597 vs. -364mm p=0.019)

SPID24 = Weighted sum of pain intensity differences over 24 hours



	Trial
	Study Treatments
	Design
	Results

	Fever Study 111
	IV APAP 1000mg (n=31)

Placebo (n=29)
	A randomized, double-blind, placebo-controlled, single-dose study

	Primary endpoint: Weighted sum of temperature difference from baseline to temperature at 6 hours 1000mg APAP vs. placebo (-3.7 + 3.58 vs. -0.7 + 3.32)

The following secondary endpoints were also statistically significant: weighted sum of temperature difference from baseline to the temperature at the 3-h time point, maximum temperature reduction from baseline temperature to time at 6 hours. 


APAP = acetaminophen

Efficacy Measures

Pain Studies

In order to evaluate the efficacy of IV acetaminophen in pain, studies assessed pain intensity (PI) at the start of the infusion and at selected intervals after initiation of infusion using a 100-mm visual analog scale (VAS) and a 4 point verbal pain relief scale (0= no pain to 4= severe pain). Additionally, pain relief was also evaluated by use of a 4 point categorical scale (0=none to 4= complete) at the same time intervals as PI. Time to rescue medication, morphine consumption, and global evaluations were also evaluated.

Fever Study

The primary efficacy endpoint in the pivotal trial on fever was the weighted sum of temperature differences from baseline through 6 hours. The weighted sum of temperature differences from baseline through 3 hours was also measured in addition to the maximum temperature reduction from baseline to 6 hours and the patient’s global evaluation. 

Summary of Efficacy Findings of Pivotal Trials on Pain6,7 

With regard to pain relief and difference (change from baseline) in pain intensity, both trials showed a statistically significant advantage for IV acetaminophen over placebo, with time to meaningful pain relief significantly shorter for IV acetaminophen vs. placebo (median values 24.9 vs. 53.9 minutes respectively; p <0.003).

Time to peak analgesic effect occurred rapidly for IV acetaminophen – 30 minutes after initiation of the infusion. 

Time to first rescue medication was significantly longer for IV acetaminophen vs. placebo in one trial (3 hours vs. 0.8 hours respectively; p < 0.001)6 and numerically, but not statistically significant in the other.7
Morphine consumption from time of initiation of IV acetaminophen infusion to 6 hours was significantly lower for IV acetaminophen when compared to placebo (9.7 + 10 vs. 17.8 + 16.7 mg; p < 0.01).6,37
Global satisfaction with the study treatment was observed to be statistically significantly in favor of IV acetaminophen in both trials.

Additional Trials on Pain 

Intravenous acetaminophen has been shown to be as effective as morphine for the reduction of moderate to severe pain due to isolated limb trauma. No statistically significant difference in pain reduction was found between IV acetaminophen and IV morphine up to 60 minutes after infusion.13,14 The incidence of adverse events was higher with morphine, with a difference between treatments of 21.2 percentage points. 
When IV acetaminophen was compared to IV diclofenac or oral ibuprofen for the treatment of pain due to bimaxillary osteotomy or cesarean delivery, respectively, there was no statistical difference in analgesic effect with the exception of lack of anti-inflammatory response of acetaminophen. 15, 16
The comparative onset of analgesic effect and peak analgesic effect with IV acetaminophen were available from only one study that used propacetamol (a bioequivalent prodrug of acetaminophen) given as a 15-minute IV infusion. The onset and peak analgesic effects with IV propacetamol were earlier by 6 minutes and 45 minutes, respectively, compared with oral acetaminophen in the treatment of pain due to dental surgery; however, IV propacetamol / acetaminophen showed a less sustained analgesic effect compared to the oral form.8
Meta-analyses of the efficacy of acetaminophen for the prevention or treatment of postoperative pain found that IV acetaminophen was superior to placebo. Thirty-seven percent of participants receiving IV propacetamol/acetaminophen experienced at least 50% pain relief over four hours compared with 16% of those receiving placebo (NNT = 4.0; 95% confidence interval 3.5 to 4.8). There was no difference between IV acetaminophen and either NSAIDs or opioids for the treatment of pain.39,40
Of the placebo-controlled studies evaluated (excluding the pivotal trials mentioned above), 6 studies showed increased efficacy in regards to pain intensity and increased pain relief vs. placebo.19,25,29,30,35,36 There was no significant difference in efficacy between the two groups in 5 of the studies.19,22,26,33,34 One study showed no differences in pain intensity vs placebo, but a significant increase in pain relief.24
In regards to morphine consumption, six placebo controlled trials (excluding the pivotal trials mentioned above) showed approximately 24% to 46% decrease in consumption of rescue medication (morphine, meperidine, oxycodone) compared to placebo.20,26,28,31,34,36,41 Three placebo controlled trials showed no difference between the groups.22,24,25 Additionally, requests for rescue medication were decreased21,27 and time to rescue medication was increased  by approximately 0.90 –  3.3 hours in the IV acetaminophen group compared to placebo group.24,31,36
A meta-analysis evaluating 7 studies comparing patient-controlled analgesia (PCA) with morphine plus APAP against PCA morphine alone (6 studies involving IV APAP and 1 involving PO APAP) aimed to determine the effects of acetaminophen on morphine side-effects and consumption after major surgery. The analysis found that, relative to PCA morphine alone, administration of PCA morphine with acetaminophen resulted in no significant reduction in post-operative nausea and vomiting (OR=0.99; 95% CI, 0.64-1.55; P=0.98) despite a 20% decrease in morphine use (mean, –9 mg; 95% CI –15 to –3; p = 0.003) in the first 24 hour postoperatively.38
While most placebo controlled trials showed no difference in adverse events between the groups, some showed a decrease in nausea, vomiting, sedation, and/or pruritis.20,24,29,34 Meta-analyses evaluating IV acetaminophen versus active comparator showed no difference in adverse events except a reduction in the rate of hypotension versus NSAIDs and a reduction in the rate of gastrointestinal disorders versus opioids.
Summary of Efficacy Findings in Fever

In a pivotal trial evaluating fever reduction with IV acetaminophen versus placebo in healthy men with endotoxin induced fever, IV acetaminophen produced a rapid onset of action with a statistically significant difference in reduction in temperature compared to placebo 15 minutes after completing the infusion (p < 0.01).11
In the above mentioned trial, IV acetaminophen demonstrated statistically significant reductions in temperature at nearly every time point evaluated for up to 6 hours.11
In a similar trial evaluating the use of IV vs. oral acetaminophen for endotoxin-induced fever, there was a statistically significant difference in favor of IV acetaminophen for the weighted sum of temperature differences up to 2 hours after administration (p < 0.004).12
Though IV acetaminophen produced a more rapid onset of fever reduction vs. oral acetaminophen, after 2 hours there was no statistically significant difference in the difference of the weighted sum of temperature differences.12
In a randomized, placebo-controlled trial, there was a significant difference in the weighted sum of temperature differences in favor of IV acetaminophen. Treatment with IV acetaminophen blunted the mean peak temperature (39.7 vs 39.9°C) and produced an earlier and steeper falloff from the peak temperature. There was no difference in rescue medication or adverse events between the two groups.32
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 15).

Safety
IV acetaminophen lacks certain contraindications and boxed warnings listed for opioid analgesics, including asthma, gastrointestinal ileus, and biliary tract surgery or disease. 

Likewise, IV acetaminophen lacks the following selected contraindications and boxed warnings for IV NSAIDs:  advanced renal failure, risk of renal failure, hemorrhagic conditions, risk for significant bleeding, cardiovascular disease or risk factors, gastrointestinal disease (bleeding, ulcers, inflammatory bowel disease), age 65 years or older, or coronary artery bypass graft surgery.

Contraindications

Acetaminophen is contraindicated in patients with 1) known hypersensitivity to acetaminophen or any components of the IV formulation, and 2) severe hepatic impairment or severe active liver disease. 

Warnings and Precautions
Hepatic Injury

Doses exceeding the recommended daily maximum (e.g., overdose) may result in hepatic injury, risk of severe hepatotoxicity, and even death. 
Allergy and hypersensitivity

Hypersensitivity and anaphylaxis (swelling of the face, mouth, and throat, respiratory distress, urticaria, etc.) associated with the use of acetaminophen has been reported. IV acetaminophen should be discontinued immediately if these reactions occur. 

Alcoholism

Risk of liver injury may be increased in patients with alcohol-induced liver disease who consume ≥3 alcoholic drinks/day. 

Chronic Malnutrition
Intravenous acetaminophen should be used with caution in patients with chronic malnutrition because they are at increased risk of hepatotoxicity.
Severe Hypovolemia

Patients with severe hypovolemia are at increased of hepatotoxicity when given acetaminophen. Use with caution. 

Severe Renal Impairment
Patients with severe renal impairment (CrCl <30 ml/min) are at increased risk of hepatotoxicity when given acetaminophen. Use with caution. 

Pregnancy
Intravenous acetaminophen is a pregnancy category C. Though epidemiological data on oral acetaminophen use in pregnancy have shown no increased risk of major congenital malformations, there have been no studies of the use of IV acetaminophen in pregnancy.
Deaths and Other Serious Adverse Events

There were no reports of death or serious adverse events associated with IV acetaminophen use in clinical trials; however, overdose with IV acetaminophen may result in hepatic injury, severe hepatoxicity, or even death.1
Common Adverse Events

The most common adverse events observed in adult patients receiving IV acetaminophen when compared to placebo were nausea, vomiting, headache, and insomnia (incidence > 5%). Adverse events occurring in >3% of adult patients with post-operative pain or fever from large placebo-controlled, multiple-dose clinical trials comparing IV acetaminophen and placebo are listed below inTable 7.

Table 7  Treatment-emergent adverse events reported in >3% of patients

	Adverse Event
	Placebo (n=379)

n (%)
	IV APAP (n=402)

n (%)

	Nausea 
	119 (31)
	138 (34)

	Vomiting
	42 (11)
	62 (15)

	Pyrexia 
	52 (14)
	22 (5)

	Headache
	33 (9)
	39 (10)

	Insomnia
	21 (5)
	30 (7)


Source: Package insert1
Adverse events occurring in > 5% of patients in a pivotal, randomized, placebo-controlled trial comparing intravenous acetaminophen 1000 mg every 6 hours and 650 mg every 4 hours with placebo in repeated doses for the treatment of post-operative pain are listed below in Table 8. 

Table 8 Treatment-emergent adverse events reported in ≥5% of patients
	Adverse Event
	Placebo (n=110)

n (%)
	IV APAP

1000mg q6h (n=91)

n (%)
	IV APAP

650mg q4h (n=43)

n (%)

	Constipation
	18 (16.4)
	16 (17.6)
	5 (11.6)

	Diarrhea
	6 (5.5)
	3 (3.3)
	0

	Flatulence
	10 (9.1)
	14 (15.4)
	4(9.3)

	Nausea
	12 (10.9)
	16 (17.6)
	4(9.3)

	Vomiting 
	2 (1.8)
	7 (7.7)
	4(9.3)

	Infusion-site pain
	1 (0.9)
	5 (5.5)
	1 (2.3)

	Pyrexia
	7 (6.4)
	2 (2.2)
	0

	Incision-site pain
	0
	5 (5.5)
	0

	Back pain
	7 (6.4)
	1 (1.1)
	2 (4.7)

	Headache
	12 (10.9)
	12 (13.2)
	4 (9.3)

	Insomnia
	5 (4.5)
	2 (2.2)
	3 (7.0)

	Dyspnea
	0
	0
	3 (7.0)


    Source: Wininger S.J., et al (2010)7
Other Adverse Events

Other less common adverse events reported at ≤1% during clinical trials include anemia, fatigue, infusion site pain, peripheral edema, hypokalemia, hypertension, hypotension, abnormal breath sounds, and increased aspartate aminotransferases.1 
The risk of hemolysis from using acetaminophen in patients with G6PD deficiency is unclear. For further details, see Special Populations, G6PD Deficiency.
Tolerability

IV acetaminophen was well tolerated in clinical trials. The frequency of clinically relevant adverse events is similar between treatment groups when comparing IV acetaminophen 650 mg q4h or 1000 mg q6h to placebo in clinical trials.6-12
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 15).
Postmarketing Safety Experience

Currently no data for use in the US.

An evaluation of international postmarketing serious adverse events was done as part of the US New Drug Application and reported as a poster abstract.42 From June 2002 (market launch) to January 2009, an estimated 54 million patients were exposed (with an estimated average EU exposure of 6750 mg/patient) and over 362 million 1000-mg units of IV APAP were distributed in 80 countries. A total of 171 reports with hepatic SAEs were identified, of which 15 events were fatal. Confounding factors such as concomitant potentially hepatotoxic medications, comorbid hepatic disease, and immediate postoperative treatment were found in the majority of cases. The estimated incidence of hepatic SAEs was 3.2 per million patients, and the incidence of possible or probable drug-induced liver injury was 0.4 events per million patients exposed to IV APAP. 
Sentinel Events
None

Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

Table 9  Look-alike, Sound-alike Names

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Acetaminophen I.V. (APAP)


OFIRMEV
	None

None
	None

None
	None

None
	Acetaminophen (other dosage forms)
Acetazolamide
Tdap
DTaP


Onfi
Ofatumumab


Drug Interactions1,18,19
Drug-Drug Interactions

CYP2E1 and CYP1A2 Inducers: Inducers of these enzymes may result in increased metabolism of acetaminophen to its toxic metabolite increasing the risk for hepatic injury.

Anticoagulants: Increases in the international normalized ratio (INR) in patients who have been stabilized on warfarin have been noted with concurrent use of acetaminophen. Though no studies have evaluated the effect of short-term use of IV acetaminophen on INR, more frequent monitoring of the INR may be appropriate for patients receiving oral anticoagulants and IV acetaminophen concurrently.
Anticonvulsants: May increase the metabolism of acetaminophen. 

Dasatinib, imatinib, sorafenib: Acetaminophen may enhance the hepatotoxic effect of these medications, and they may increase the serum concentration of acetaminophen. 

Isoniazid: May enhance the adverse/toxic effect of acetaminophen. 
Pimozide: weak CYP3A4 inhibitors such as acetaminophen may increase the serum concentration of pimozide. Concurrent use of these two agents should be avoided.
Probenecid: May increase the serum concentration of acetaminophen and may also limit the formation of at least one major non-toxic metabolite, possibly increasing the potential for formation of the toxic NAPQI metabolite. 
Drug-Lab Interactions

To date, no drug-lab interactions concerning IV acetaminophen have been reported.

Drug-Ethanol Interactions
The risk of acetaminophen-induced hepatotoxicity may be increased with excessive ethanol use. Avoid ethanol or limit to <3 drinks/day. 

Pharmacoeconomic Analysis

To date, there are no published pharmacoeconomic evaluations of intravenous acetaminophen.

Conclusions
There is extensive data and many years of non-U.S. clinical experience that support the safety and efficacy of IV acetaminophen in the treatment of pain and fever, but only a small number of studies were head-to-head or active-controlled trials. These trials evaluated IV acetaminophen for postoperative dental, coronary artery bypass graft, cesarean section, and tonsillectomy pain; pain from renal colic, propofol injection, acute traumatic limb injury; and fever reduction.  In the acute pain conditions studied, IV acetaminophen is comparable to oral acetaminophen, IV morphine and oral NSAID in terms of magnitude of pain reduction. The advantages of IV acetaminophen when used for short periods include a slightly faster onset of action and a more effective initial 2-hour antipyretic effect than oral acetaminophen; potential decreased risk of adverse events relative to injectable morphine (although this finding requires better designed trials for confirmation); and lower risk of gastrointestinal adverse events relative to oral NSAIDs. Compared with PCA morphine alone, the combination of IV acetaminophen plus morphine postoperatively may lower opioid requirements to a relatively small degree, but seems to have no effect on the incidence of opioid-related gastrointestinal effects.
IV acetaminophen use in the postoperative setting has a quicker onset of analgesia than oral acetaminophen and can be used when oral or rectal administration of medication is not possible or is impractical. IV acetaminophen lacks certain contraindications and boxed warnings listed for opioid analgesics and NSAIDs, and is an alternative analgesic when opioids and NSAIDs are inappropriate. 
The advantages of IV acetaminophen are offset by a drug acquisition cost that is 37–134 times higher than alternative non-oral formulary agents.
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Appendix:  Clinical Trials
A literature search was performed on PubMed (1966 to August 2004) using the search terms <intravenous acetaminophen> or <intravenous paracetamol>. The search was limited to studies performed in humans aged 13+ and published in English language. Trials evaluating propacetamol (a prodrug to acetaminophen – note 2g propacetamol is equivalent to 1g APAP) were included in the analysis. The manufacturer’s AMCP dossier was searched for relevant clinical trials. All randomized, controlled trials were included. Trials comparing active controls not currently available in the US are not included. A total of 3 head-to-head trials, 7 active control trials, 18 placebo controlled trials, and 3 systematic reviews/meta-analyses were included in the evaluation. 

Pivotal Studies

	Citation

Design

Analysis type

Setting

Quality Rating (Jadad)
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results
	Safety Results
	Author’s conclusions 

	Sinatra RS.

(2005)37
A randomized, double-blind, placebo-and-active controlled, repeated dose study carried out across 7 centers in the US.

Jadad score=3
	Inclusion criteria: 

Ages > 18 years

Recovering from hip or knee replacement

Classified as ASA I – III

Weight between 50 and 120 kg

Ability to use pain scale and operate PCA device

Moderate to severe pain 

Exclusion criteria:

Hypersensitivity, allergy, or contraindication to opioids or APAP

Impaired liver or renal function

Uncontrolled chronic disease

History of alcohol or drug abuse

Pregnant or breast-feeding 

Use of NSAID w/in 8 hours or any analgesic drug w/in 12 hours, or corticosteroids w/in 7 days before study medication.
	IV APAP 1g

IV propace-tamol 2g

Placebo

Study medication was given every 6 hours over a 24 hour period of time.
	Parameter

1

2

3

Age (yr): 

49

50

52

Sex (%):
Male 
Female 

28
21

27
23

22
30

Weight: (kg)

85.7

85.7

81

ASA Class. (%)
I
II
III


6.1
69.4
24.5


6.0
64.0
30.0


5.8
71.2
23.1

Baseline PI (%)

62.0

55.7

56.4

PI = Pain intensity, visual analog scale


	NR = 156

Parameter

IV APAP

Propacet.

Placebo

TOTPAR

6.6 + 5.9

7.5 + 6.8

2.2 + 3.8

SPID

2.3 + 3.6

2.5 + 4.3

-0.6 + 3.5

SPRID

9.0 + 8.7

10 + 10.7

1.6 + 6.2

TOTPAR = weighted sums of pain relief

SPID = weighted sum of pain intensity differences, with pain measured on a verbal scale

SPRID = weighted sum of pain relief – intensity differences

Time to first rescue medication was significantly (P < 0.001) longer for both active groups than for placebo.


	There was no significant difference between treatment groups regarding the number of patients with AEs


 3 patients (5.9%) withdrew due to AEs in the propacetamol group vs. 1 (1.9%) in the placebo group.
	Acetaminophen 1,000mg administered intravenously over a 24 hour period in patients with moderate to severe pain provided rapid and effective analgesia and was well tolerated. 



	Winninger SJ. (2010)7
A randomized, double-blind, placebo controlled, repeated-dose study in postoperative pain conducted at 17 sites in the US.

Jadad score=5
	Inclusion Criteria:

Scheduled to undergo abdominal laparoscopy (with some procedures excepted, see study for details)

Age 18-80

BMI >19 and < 40 kg/m2
Negative pregnancy test

ASA risk class of I-III

 Ability to read and understand study procedures and use pain scale

No physical, mental, or medical condition investigator made participation unadvisable

Exclusion Criteria:

Use of opioids or tramadol for >7 days before study

Treatment with certain natural prodcuts (ex: St. Johns Wort, Valerian)

Hypersensitivity to study medication

Known alcohol or drug abuse

Impaired liver function

Participation in 

another study 30 days before surgery


	1) IV APAP 1000mg q6h (n=92)

2) IV APAP 650mg q4h (n=42)

3) Placebo 100ml (n=43)

4) Placebo 650ml (n=67)

Doses were repeated over 24 hours
	Parameter

Tx1

Tx2

Tx3

Tx4

Age (yrs): 

45.3

46

47.3

46.5

Sex (%):
Male 
Female 
80.4
19.6

85.7
14.3

78
22

53
13

Race (%)
White
Black
Asian

     Other

82.6
16.3
1.1
0

85.7
11.9
0
2.4

92.7
2.4
2.4
2.4

90.9
4.5
3.0
1.5

PI, VAS

51.9

57.5

57.4

49.2

Categorical PI (%)
Mild
Moderate
Severe


17.4
78.3
4.3


9.5
85.7
4.8


9.8
80.5
9.8


24.2
72.7
3.0

PI =  Pain intensity

VAS = visual analog scale
	Primary endpoint: SPID24 (VAS): 1000mg vs. combined placebo (-194.1 vs. -45.2mm; p=0.0068)

650mg vs. combined placebo (-597 vs. -364mm p=0.019)

SPID24 = Weighted sum of pain intensity levels over 24 hours

NR = 244
	Overall frequency of treatment emergent adverse events across the treatment groups was not significantly different

 4 pts in the IV APAP 1,000mg group did not complete the study due to AE (intravenous infiltration [1] or IV site pain [2]), and 1 in the placebo group (fever).


	Both 1,000mg q6h and 650mg q4h IV acetaminophen were associated with statistically significant analgesic efficacy compared to placebo.

	Kett DH. (2011)32
A randomized, double-blind, placebo-controlled, single-dose study conducted at a single center in the US evaluation IV acetaminophen in endotoxin induced fever.

Jadad score=3
	Inclusion Criteria:

Age 18-75

Male

BMI between 19 – 40 kg/m2
No physical, psychiatric, or medical conditions that would confound the study results.

Exclusion Criteria:

Treatment with any antipyretic 2 days prior to admission

Hypersensitivity to the endotoxin, study medication, or rescue drug

Hx of nasal polyps, angioedema, bronchospastic disease

Any condition or disease that may cause changes in body temperature

Known alcohol or drug abuse

Impaired liver function or liver disease


	IV APAP 1g (n = 31)

2) Placebo
(n=29)

One time dose
	Mean age= 29.9 years

Mean Body weight = 79.9 kg

Race = Caucasian (75%), African American (21.7%)

Temperature prior to administration of study medication = 39.3 + 0.55°C in placebo group and 39.4 + 0.49°C in the acetaminophen group
	NR = 60

Primary endpoint: Weighted sum of temperature difference from baseline to temperature at 6 hours 1000mg APAP vs. placebo (-3.7 + 3.58 vs. -0.7 + 3.32)

The following secondary endpoints were also statistically significant: weighted sum of temperature difference from baseline to the temperature at the 3-h time point, maximum temperature reduction from baseline temperature to time at 6 hours. 
	AE were mild to moderate in severity

 A lower treatment emergent adverse event rate was observed in the IV acetaminophen group (54.8%) than the placebo group (69%)

No serious AE’s or death was reported

No AE’s leading to discontinuation of the study was reported.   
	Acetaminophen 1000mg rapidly reduces fever induced by endotoxin and effects persisted through the 6-hour study period.

Trial may be hard to generalize due to its evaluation of endotoxin-induced fever in healthy males. 


ASA = American Society of Anesthesiologists

Head-to-Head Studies 

	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results
	Safety Results
	Author’s conclusions 

	Moller PL. (2005)35
Randomized, double-blind, single center trial comp-aring the efficacy and safety of IV propacetamol to oral acetamino-phen for pain relief.

Jadad score=5
	Inclusion Criteria: 

Ages 18–50 years

Classified as ASA I or II

Moderate to severe pain following third molar surgery

Exclusion Criteria:

Pregnant or breast-feeding

EtOH or drug abuse

Disorder decreasing compliance

Hx of complete nonresponsiveness to APAP or ibuprofen, 

Hx of hypersensitivity or serious AR to APAP

NSAID or local anaesthetic drugs

Gastric or peptic ulcer disease

Inflammatory bowel disease

Coagulation abnormalities

Pancreatic disease within 12 months

Impaired liver or kidney func.
	Propacetamol 2g bolus injection

Propacetamol 2g 15 minute infusion

Oral acetaminophen 1,000mg

Placebo

All medications were given as a once time dose
	Parameter

Tx1

Tx2

Tx3

Tx4

Age: 

25.6

24.2

23.8

23.4

Sex (%):
Male 
Female 
38
62

46
54

38
62

44
56

Baseline PI-C(%)
Mild
Moderate
Severe


4
80
16


2
80
18


2
80
18


4
76
20

Baseline PI-V (%)

59.9

58.1

58.2

60.6

PI-C = Pain intensity, categorical scale

PI-V= Pain intensity, visual analog scale


	NR = 175

Tx1

Tx2

Tx3

Tx4

Outcome

N = 50

N =50 

N = 50

N = 25

Onset of Analgesia, min

3

5

11

NA
Time to Peak

tMax PR
tMax PAID



0.25
0.75



0.25
0.5



1.00
1.50



0.25
0.25

MaxScore

  Max PR

   Max PAID


2.66
39.86


2.70
39.55


2.64
39.70


1.44
21.48

Weighted
Sum

  TOTPAR

   SPAID



9.35
117.39




8.78
110.17

9.70
125.32

5.02
31.67

tMax PR = time to max pain relief

tMax PID = time to max pain intensity difference, visual analog scale (VAS)

Max PR = max pain relief

Max PAID = max pain intensity difference, visual analog scale

TOTPAR = sum of pain relief scores

SPAID = weighted sum of pain intensity difference (VAS)

All except tMaxPID were statistically significant between groups.


	No pts withdrew due to AE’s


Dizziness, nausea, malaise, and cold clammy skin was more common in the propara-cetamol group compared to oral APAP and placebo.
	I.V. propacetamol is fast-acting and superior to placebo on all measures of pain and producing significantly earlier pain relief than oral acetaminophen. 



	Peacock WF (2011)12
Randomized, double-blind, double-dummy, single-dose study conducted at a single center in the United States in healthy adult males with an endotoxin-induced fever.

Jadad score=4
	Inclusion Criteria:

Healthy male

Ages 18-75

BMI 19-45

No conditions that would confound study participation

Exclusion Criteria:

Treatment with antipyretic medication within 2 days 

Hypersensitivity or contra-indication to endotoxin, APAP, or excipients

Recent hx of EtOH or drug abuse

Hx of nasal polyps, angioedema, bronchospastic disease

Female

Liver disease


	1) IV APAP 1g (n=54)

Oral APAP 1 g

(n=51)
	Parameter

IV

Oral

Race (%):
White
African Amer.
Asian

85.6
19.4
0


75.6
22.2
2.2

Age

32.1

33.8

Temp prior to RSE dose (C)

36.7

36.7

RSE dose

342.4

345.7

Temp prior to study drug (C)

38.8

38.8

RSE = reference standard endotoxin
	Statistically significant differences in the weighted sum of temperature differences (WSTD) through 120 minutes (p < 0.004) were observed in favor of the IV acetaminophen group.

No difference between the two groups in WSTD two hours after dose.

NR = 105


	No clinically relevant differences between groups in the frequency of over- all treatment-emergent AEs


	A single dose of intra-venous acetaminophen is safe and effective in reducing endotoxin-induced fever.


Intravenous acetaminophen may be useful when patients are unable to tolerate oral medication of an early onset of action is desirable. 


Trial may be hard to generalize due to its evaluation of endotoxin-induced fever in healthy males.

	Petterson PH (2005)4
A randomized, prospective study conducted in an ICU in Sweden.

Jadad score=1
	Inclusion Criteria:

Patients undergoing elective coronary artery bypass surgery with cardiopulmonary bypass were included

Exclusion Criteria:

None specified


	APAP 1000mg IV (n=39)

APAP 1000mg PO (n=38)

Study medication was started after extubation and ended at 9:00am the following morning.

IV infusion of ketobemidone (an opioid resembling morphine) was given at rate of 1 mg/h on arrival to ICU postoperatively

PONV was treated with 4-8 mg ondansetron

Aspirin 0.5mg rectally was given 6 hours after surgery to prevent early graft occlusion
	Parameter

IV

Oral

Male/female (n)

32/6

32/7

Age (y) mean

66 + 9

66 + 9

Weight (kg)

81 + 16

79 + 14

Fentanyl (mg) during anesthesia

0.58 + 0.15

0.59 + 0.25

Extubation time (h)

3.6 + 2

3.9 + 1.7

Study period (h)

15 + 3

14 + 3


* There was no statistically significant difference between groups with exception of gender.
	A lower amount of opioid consumption postoperatively was seen in the IV group vs. the PO group: (17.4 mg + 7.9 mg vs. 22.1 mg + 8.6 mg; p=0.016).

Incidence of PONV did not differ between the two groups

No differences in VAS score was seen between the two groups.


	
	Intravenous APAP shows a limited opioid-sparing effect compared to PO APAP. However, this reduction did not result in a difference between groups when considering PONV. 

Note: small study with limited inclusion and exclusion criteria. Additionally, randomization was done using “sealed envelopes” with no further explanation. 


APAP = Acetaminophen 
ASA = American Society of Anesthesiologists

NR, Number randomized. 

PO = oral

PONV = post operative nausea and vomiting

VAS = Visual analog scale

Active Control Studies
	Citation

Design

Analysis type

Setting
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy Results


	Safety Results
	Author’s conclusions 

	Craig M.

(2012)13
A double-blind, randomized study conducted in the emergency department of the Bristol Royal Infirmary in the UK conducted over a 10 month period.

Jadad score=3
	Inclusion criteria: 

Isolated limb trauma

Moderate to severe pain, with initial verbal pain score of 7 or more

Age >15 and<66 years

Estimated weight > 50kg

Exclusion criteria:

Chest pain

Glasgow coma scale < 15

Allergy to morphine or paracetamol

Known liver disease, or patient clinically jaundiced

Major trauma

Known pregnancy

Breast Feeding

Patients requiring an immediate limb-saving procedure

Patients in extremem distress

Communication difficulties
	1,000mg IV acetaminophen (n=27)

10mg IV morphine (n=28)

Both medications were administered over 15 minutes
	Parameter

APAP

Morph.

Age(yr): 

38

35

Sex (n):
Male 
Female 
15
12

15
13

Type of Injury

Fracture

Soft Tissue


16
11


14
14


	No significant difference in analgesia was seen between groups

Eight patients in each group required rescue analgesia (p=0.95)


	There was significantly more AEs (types not reported) in the morphine group (8 patients, 28.6%) vs. the APAP group (2 patients, 7.4%; p=0.03)
	Intravenous acetaminophen appears to provide a comparable level of analgesia to IV morphine in isolated limb trauma with less side effects than morphine. 

Small pilot study.

	Van Aken H

(2004)43
A double-blinded, single-center, randomized, placebo-controlled, parallel-group study over 22 months at the University Hospital of Leuven (Belgium).

Jadad score=3
	Inclusion criteria: 

Ages 15-70

ASA risk classes I or II 

Presented for elective surgical removal of one or more bone- impacted third molars under general anesthesia 

Exclusion criteria:

clinically significant respiratory, liver, or kidney disease; increased intracranial pressure; history of alcohol or drug abuse; hypersensitivity to morphine, propacetamol, or parac- etamol. 
	IV propacet-amol 2 g (n=31)

IM morphine 10 mg (n=30)

Placebo  (n=34)

Patients received two doses of study medication. The second dose was 1/2 the first dose and was given 5 hours after the first dose.
	Parameter

Propar.

Morph.

Plac.

Age(yr): 

20 + 4.9

18.8 + 4.3

20.9 + 6.6

Sex (n):
Male 
Female 
8
24

13
20

10
24

Body wt (kg)

61.4 + 9.0

63.6 + 10.9

62.4 + 10.7

ASA class I/II (n)

29/2*

33/0

28/6

Baseline PI
   Sample (n)
   VAS (mm)
   VRS (n)
      None
      Light
      Moderate
      Severe


31
49.8+13

0
0
20
11


32
55.1+17

0
0
20
11


34
52+15

0
1
18
15

*ASA score missing for one patient

PI = Pain intensity

VAS = visual analog scale

VRS = verbal rating scale

All groups were similar with exception of the morphine group including a larger number of ASA II patients than the placebo group (P<0.01)


	Tx1

Tx2

Tx3

Outcome

N = 31

N =30

N = 34

1st admin. (5h)

TOTPAR
SPID
    VAS
    VRS


Rescue med (n)




12.9+4.7b

139+86
6.1+3.6

6 b


11.3+4.9 b

16396+91b
6.4+3 b
b
3


12.9+4.7

74.6+121.1
2.9+4.7

21
1st and 2nd  
 admin.(10h)

TOTPAR
SPID
    VAS 
    VRS


Rescue med (n)

Global rating of study druga



27.2+10.7b

293.3+196 b
13.3+8.6 b

7 b


4.0+1.0


25.1+10.3 b

364+189b   
14.9+6.1b

4b


3.6+1.0


14.6+12.7

144.8+267.2
5.9+10.5

21


3.3+1.0
SPID = sum of pain intensity differences

TOTPAR = sum of pain relief scores 

a Assessed with a 5-point categorical verbal scale (1=poor, 2=fair, 3=good, 4=very good, 5=excellent)

b P< 0.05 compared to placebo
	No serious AE reported

Both the total # of patients with AE’s and the total # of AEs were larger in the morphine group (p<0.027)

Most common AE related to propac. Was pain at the infusion site.
	Repeated dose IV propac. Has a significant analgesia effect comparable to IM morphine after dental surgery with better tolerability.  

	Alhashemi JA. (2006)16
A randomized double-blind clinical trial from Jul 1 to Dec 31,2005.

Jadad score=5 
	Inclusion criteria: 

> 37 weeks pregnant

Scheduled for C-section

Exclusion criteria:

Abnormally lying placenta

Prenatally diagnosed fetal abnormalities

Intra-uterine fetal death

Hypersensitive disease of pregnancy

Renal impairment

Contraindication to spinal anesthesia

Language barrier or mental disorder preventing them from operating a PCA device

Allergy or contraindication to study medication
	IV APAP 1000mg q6h (n=22)

PO Ibuprofen 400mg q6h (n=23)

First dose was given 30 min preoperatively and then repeated over 48 hours.

Patients also received  morphine PCA for 48 hours postoperatively (2mg bolus with lockout interval of 10 min).


	Parameter

APAP

IBU

Age(yr): 

33 + 5
32 + 5

Weight (kg)

81 + 16

78 + 15

ASA Class I/II (n)

12/10

12/11

Comorbidities 
Diabetes(n)
HTN(n)
15
12

15
13

ASA = American Society of Anesthesiologists

HTN = hypertension

IBU = ibuprofen


	NR = 45

No significant differences in VAS scores between the IV APAP and PO ibuprofen groups (P = 0.143)


No differences in postoperative morphine consumption between study groups during assessment period (P = 0.562)


Number of PCA attempts were similar between groups (P = 0.71 and P = 0.99 on day one and two respectively)

Patient satisfaction was high in both groups (9 + 1 in both groups on a scale of 1-10, 1 being extremely dissatisfied, 10 being extremely satisfied).
	No major adverse events were observed

Nausea and vomiting occurred more in the IV APAP group than the PO ibuprofen group (nausea: 18.2% vs. 8.7% and vomiting: 18.3% vs. 0%)

Pruritis was more frequent in the ibuprofen group than IV APAP group (P = 0.031)  
	After Cesarean delivery, IV APAP is a reasonable alternative to PO ibuprofen as an adjunct to morphine PCA


	Bektas F. (2009)14
A single center, randomized, double-blind, placebo-controlled trial evaluating IV APAP or morphine in the emergency department.

Jadad score=3
	Inclusion Criteria:

Ages 18-55

Acute flank pain

Mild or greater pain

Exclusion Criteria:

Known allergy to contraindication to study drugs or any opioid analgesic

Hemodynamic instability

Fever

Evidence of peritoneal inflammation

Pregnancy

Aortic dissection or aneurysm

Use of any analgesic within 6 hours of ED presentation

Known renal, pulmonary, cardiac, or hepatic failure
	IV APAP 1000mg x 1 dose (n=46)

IV morphine 0.1 mg/kg x 1 dose (n=49)

Placebo x 1 dose (n=51)
	Parameter

APAP

Morph.

Plac.

Age, yr , mean (SD): 

35(10)

39(11)

36(10)

Sex,n:
     Male 
31

27

32

Baseline PI, median (IQR)
    

73 
(55-87)

78
(64-98)


73
 (53-87)


IQR = interquartile range
	NR = 146

Mean reduction in VAS PI scores at 30 minutes was 43 mm for paracetamol (95% CI 35-51mm), 40 mm for morphine (95% CI 19-34 mm), and 27 mm for placebo (95% CI 19-33 mm)

There was a statistically significant difference in reduction of PI with IV APAP (P=0.005) and IV morphine (P=0.045).

There was no difference found in analgesic effect between morphine and IV APAP (P=0.74)


	There were no serious AE reported during the study

The following patients experienced at least 1 AE: 11 in the paracetamol group, 16 in the morphine group, and 8 in the placebo group.

Nausea and vomiting, headache, and dry mouth were the most common side effects. 


	Intravenous APAP is an efficacious and safe treatment for renal colic in the ED setting and represents an alternative or adjunct treatment to current parental analgesics.

Randomization was done by an assistant blinded to the study.

	
Canbay O.

(2007)44
A randomized, double-blind, placebo-controlled study carried out at a single medical center in Turkey.

Jadad score=4
	Inclusion criteria: 

Ages 20-60 years

Classified as ASA I or II

Undergoing general anaesthesia 

Exclusion criteria:

Allergy or sensitivity to lidocaine, propofol, or APAP 

Vascular disease

Habituation to analgesics, sedatives, or anti-anxiety drugs

Infection on the dorsum of left hand
	
Pretreatment with:

40mg lidocaine in saline

50mg IV APAP

5ml saline (placebo)

Pretreatments were given prior to propofol injection to compare their ability to prevent propofol-induced pain during induction of anesthesia
	Parameters

1

2

3

Age (yr): 

35

30

39

Sex (%):
Male 
Female 
20
30

30
20

26
24


Weight: (kg)

68.9

63.7

70.5

ASA Class (%)
I
II



46
4



48
2



47
3


	Pain during IV injection of pretreatment solution

NR = 150

Severity of Pain

IV APAP

Lidocaine

Saline (placebo)

No pain

49

40

42

Mild pain (A)

1

9

3

Moderate pain (B)

0

1

5

Severe pain (C)

0

0

0

Pain (A+B+C)

1*

10

8

*P<0.005 IV APAP vs. lidocaine and control

Pain during IV injection of propofol

NR = 150

Severity of Pain

IV APAP

Lidocaine

Saline (placebo)

No pain

39*

46*

18

Mild pain (A)

5

3

8

Moderate pain (B)

5

1

14

Severe pain (C)

1

0

10

Pain (A+B+C)

11*

4*

32

*P<0.005 drugs vs. control
	During the 1st 24 h after the operation, there were no complications such as pain, edema, or allergic reaction at the injection site in any group.


Hemodynamic variables such as heart rate, systolic, diastolic, and mean arterial pressures were similar between groups.
	

	APAP = acetaminophen; ASA = American Society of Anesthesiologists; PCA = patient controlled analgesia; PI = pain intensity; VAS = visual analog scale
	


Meta-Analysis
	Citation

Design

Analysis type

Setting
	Interventions
	Results Analysis
	Safety Results
	Author’s conclusions 

	McNicol ED.

(2011)39
A systematic review and meta-analysis of IV acetaminophen of propacetamol for prevention or treatment of post-operative pain.


	IV acetaminophen (studies = 11)

IV propacetamol (studies=24)


	Outcome

Statistical Method

Intervention

Total # pts enrolled

Overall Estimate (95% CI)

At least 50% pain relief over 4 h

Odds Ratio
Propacetamol
Paracetamol
Combined data

807
367
1072
4.6 (3.1, 6.8)
17.2 (5.6, 53.2)
5.8 (4.1, 8.4)

At least 50% pain relief over 6 h

Odds Ratio
Propacetamol
Paracetamol
Combined data
662
367
927
4.2 (2.6, 7.0)
22.0 (5.3, 91.2)
6.0 (3.8, 9.6)
Requirement for additional analgesia

Odds Ratio
Propacetamol
Paracetamol
Combined data
204
340
544
0.28 (0.16, 0.50)
0.12 (0.05, 0.30)
0.12 (0.13, 0.33)
Time to additional analgesia (min) 
Mean difference
Propacetamol
Paracetamol
Combined data

316
74
390
23.7 (13.8, 33.6)
56.0 (30.2, 81.8)
27.9 (18.6, 37.2)
Opioid consumption over 4 h (i.v. morphine equiv, mg)

Mean difference

Propacetamol
Paracetamol
Combined data

114
40
154


-2.0 (-3.2, -1.0)
-1.2 (-1.6, - 0.8)
-1.3 (-1.7, -0.9)


Opioid consumption over 6 h (i.v. morphine equiv, mg)

Mean difference

Propacetamol
Paracetamol
Combined data

399
141
488


-2.9 (-4.4, -1.4)
-2.0 (-2.6, - 1.4)
-2.0 (-2.6, -1.6)


Global evaluation (‘good/satisfied’ or better)

Global evaluation: VAS (0-10)

Odds Ratio

Propacetamol
Paracetamol
Combined data

1114
392
1404


2.4 (1.8, 3.1)
3.7 (2.1, 6.7)
2.6 (2.0, 3.3)


Mean difference

Propacetamol


282

1.6 (1.0, 2.2)


	There was no statistical difference in the rate of Ae’s in patients receiving IV acetaminophen vs placebo.
	IV acetaminophen is safe and effective; however, it is unlikely to provide sufficient analgesia in surgery producing moderate-to-severe pain when used by itself.
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