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· Executive Summary:   

· Intravenous ibuprofen (Caldolor™) is approved for the management of mild to moderate pain and for the management of moderate to severe pain as an adjunct to opioid analgesics. It is also approved for the reduction of fever in adult patients. 

· It is the first FDA-approved intravenous treatment for fever reduction and one of few alternative options to oral (non-opioid) pain management. 

· Intravenous ibuprofen is a non-steroidal anti-inflammatory agent (NSAID) with antipyretic, analgesic, and anti-inflammatory properties that may be related to prostaglandin synthetase inhibition.

· Results from three double-blind, randomized clinical trials show that intravenous ibuprofen significantly reduced post-operative pain and morphine requirements in patients undergoing elective orthopedic and abdominal surgery.

· In two other randomized clinical trials, intravenous ibuprofen significantly reduced temperature in both critically ill and non-critically ill patients with fever.

· Commonly occurring adverse events in clinical trials include nausea, vomiting, headache, and flatulence. 

· Serious adverse events associated with IV ibuprofen have not been reported in clinical trials.  However, known serious adverse events associated with oral ibuprofen provide guidance for precaution and are similar to those of the NSAID class.

· As with most NSAID’s, intravenous ibuprofen should be used with caution in patients with cardiovascular disease, heart failure and/or fluid retention, history of gastro-intestinal (GI) bleeding or peptic ulceration, hypertension, and advanced renal disease.

· Intravenous ibuprofen is contraindicated in patients with known hypersensitivity reactions to ibuprofen; asthma, urticaria or an allergic-type reaction after taking aspirin or other NSAIDs; and treatment of peri-operative pain in the setting of coronary artery bypass graft (CABG) surgery.

· To date, there have been no clinical trials comparing the efficacy and safety of intravenous ibuprofen to other NSAIDs or other opioid sparing pain modalities so it is difficult to determine if intravenous ibuprofen provides any unique advantage in pain or fever management other than its route of administration. 

Introduction

Intravenous ibuprofen was recently approved by the FDA for the treatment of mild to moderate pain, moderate to severe pain in addition to opioid analgesics, and for reduction of fever.  Currently, most available non-opioid medications for the treatment of pain are given orally. There are currently no other intravenous medications for fever reduction. However, the FDA has recently approved an intravenous formulation of acetaminophen that will have similar indications as IV ibuprofen. Intravenous acetaminophen is expected to be available sometime in early 2011.

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 intravenous ibuprofen 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/Pharmacokinetics1-4
Ibuprofen is classified as a nonsteroidal anti-inflammatory drug (NSAID), with a mechanism of action that is not completely understood. Ibuprofen has antipyretic, analgesic, and anti-inflammatory properties that are thought to be related to inhibition of prostaglandin synthetase. 

Ibuprofen is a racemic mixture of [-]R- and [+]S-isomers. The [+]S-isomer is responsible for clinical activity while the [-]R-isomer is slowly and incompletely interconverted to the active [+]S-form. Effective drug levels are maintained by a circulating reservoir of the [-]R-form. 

Oral ibuprofen pharmacokinetic data demonstrates that ibuprofen best fits a linear or first-order pharmacokinetic compartment model. Ibuprofen is highly protein bound (>99% bound). This protein binding is saturable and becomes nonlinear at concentrations >20µg/ml. Oral ibuprofen dosing data estimates the volume of distribution at 0.11 to 0.21 L/kg and an age- and fever-related change in volume of distribution. 

Pharmacokinetic parameters of intravenous ibuprofen were determined in several studies as listed below in Table 1.

Table 1: Pharmacokinetic Parameters (Table adapted from reference 3)
	
	100mg

Mean (SD)
	200mg

Mean (SD)
	400mg

Mean (SD)
	400 mg 

Mean (CV%)
	800mg

Mean (CV%)

	Morris, et al† (fever study)
Number of patients

AUC (µg·h/ml)

Cmax (µg/ml)

T1/2 (h)
	31

22.33 (12.75)

12.17 (6.78)

2.47 (1.15)
	30

32.62 (17.39)

18.93 (10.50)

2.11 (1.05)
	31

70.64 (31.93)

39.76 (17.75)

2.26 (0.95)
	
	

	Data from manufacturer prescribing information‡
Number of patients

AUC (µg·h/ml)

Cmax (µg/ml)

KEL (1/h)

T1/2 (h)
	
	
	
	12

109.3 (26.4)

39.2 (15.5)

0.32 (17.9)

2.22 (20.1)
	12

192.8 (18.5)

72.6 (13.2)

0.29 (12.8)

2.44 (12.9)

	Bookstaver, et al (Pavliv et al pharmacokinetic study)

Number of patients 
AUC (µg·h/ml)
Cmax (µg/ml)
T1/2 (h)
	
	
	
	
	12

195.7 (37.3)

120.3 (13.5)

2.0 (0.5)


 AUC: Area-under-the-curve, Cmax: Peak plasma concentration, CV: Coefficient of variation, KEL: First-order elimination constant, SD: standard deviation, T1/2: Elimination half-life
† 30 minute infusion time, ‡ 60 minute infusion time

FDA Approved Indication(s) and Off-label Uses1,5
Intravenous ibuprofen is indicated as a treatment for mild to moderate pain, for moderate to severe pain in combination with opioid analgesics, and for fever reduction.

An off-label use of intravenous ibuprofen might include refractory ventricular arrhythmias.  Authors of one case series report that four patients with life-threatening ventricular arrhythmias refractory to amiodarone responded to one dose of ibuprofen 400 mg given intravenously.5 Additional randomized, controlled trials are needed to establish efficacy and safety before routine use of IV ibuprofen is widely accepted for this indication.

Current VA National Formulary Alternatives

Mild, Moderate or Severe Pain

	Oral
	Rectal
	Injectable (IV/IM)

	Acetaminophen
	Acetaminophen
	Ketorolac

	Aspirin/salsalate
	
	Opioids (morphine,

hydromorphone)

	Tramadol
Opioids (codeine, 

Hydromorphone, 

Oxycodone, morphine)
	
	

	APAP/Opioid analgesic combination
	
	

	
	
	


                 APAP: acetaminophen

Fever Reduction

	Oral
	Rectal

	NSAIDs
	Acetaminophen

	Acetaminophen
	


Dosage and Administration1
For the management of mild to moderate pain or moderate to severe pain in combination with opioid analgesics, ibuprofen 400-800 mg may be administered intravenously over 30 minutes every 6 hours as needed for pain relief.  When indicated for fever, 400 mg may be administered intravenously over 30 minutes every 4-6 hours as needed.  Alternatively, 100-200 mg may be administered intravenously over 30 minutes every 4 hours as needed following the initial 400 mg dose for fever reduction.  

· The lowest effective dose and shortest treatment duration necessary is recommended for meeting patient specific treatment goals. 

· The maximum recommended total daily dose is 3200 mg. 

· A minimum infusion duration of 30 minutes is necessary for all dose ranges and indications. 

· Patients should be adequately hydrated prior to administration of intravenous ibuprofen. 

Intravenous ibuprofen must be diluted to a final concentration of 4 mg/ml or less using 0.9% Sodium Chloride Injection USP, 5% Dextrose Injection USP, or Lactated Ringers Solution.  In normal room lighting, diluted solutions maintain stability for up to 24 hours at room temperature (20-25 °C).  If the final solution contains opaque particles, discoloration, or other foreign particles, the solution should be discarded. 

Efficacy 

Table 2: Efficacy Measures

	
	             Primary
	              Secondary

	
	PAIN STUDIES:

· Amount of morphine  (mg) administered during first 24 post-operative hours6, 8
· Pain with movement during post-operative hours 6-28 based on a 100-mm visual analog scale (VAS); 0= no pain, 100= intense pain7
FEVER STUDIES:

· Reduction in percentage of patients with body temperature decrease to < 101° F (400 mg IV ibuprofen)4 
· Area above the 98.6° F temperature versus time curve (AUC-T°) within first 24 hours of treatment10

	PAIN STUDIES:

· Pain with movement based on a 100-mm visual analog scale (VASM); 0= no pain, 100= intense pain)6 

· Pain at rest based on a 100-mm visual analog scale (VASR); 0= no pain, 100= intense pain7
· Pain with movement and rest measured by the verbal rating scale (VRS); 0= no pain, 4= pain7
· Pain with movement and rest measured by a visual analog scale (VAS); 0= no pain, 10=intense pain8
· Time to first subsequent narcotic analgesia for breakthrough pain8
· Nocturnal awakening due to pain6
· Incidence of opioid-related side effects8
· Resumption of ambulation, liquid intake, solid diet8
· Length of hospital stay8
FEVER STUDIES:
· Percent reduction of patients with body temperature decrease to < 101° F (200 mg, 100mg ibuprofen)4 
· Percentage of treatment failures defined as temperature >106°F after first dose of study drug or >103°F after second or subsequent doses of study drug10 

· Time to first negative blood culture10
· AUC-T° with multiple doses of study drug over 0-4, 0-24, and 0-72 hours10


Pain Management
To date, three clinical studies evaluating the efficacy of intravenous ibuprofen in management of post-operative pain have been published.

One phase III, multi-center, randomized, double-blinded trial evaluated the efficacy of intravenous ibuprofen (400mg and 800mg) compared to placebo in the management of post-operative pain in patients undergoing elective orthopedic (knee, hip or shoulder replacement or reconstruction) or gynecologic/abdominal surgery (abdominal hysterectomy, gall bladder, bowel or lower bowel general investigative procedures).6 Patients 18 to 70 years old were included if there was an anticipated need for post-operative analgesia with intravenous morphine for  > 24 hours post procedure. Exclusion criteria are listed in table 1 of the appendix.  A total of 406 patients were randomized to receive 400 mg ibuprofen (n=134), 800 mg ibuprofen (n=138) or placebo (n=134) in addition to intravenous morphine as needed (administered via hospital staff per patient request OR patient-controlled analgesia (PCA) pump). Patients received the first dose of study drug at wound closure during surgery and then every 6 hours for the first 48 hours after the procedure.  After 8 initial doses, ibuprofen or placebo was administered as needed, based on the investigator’s discretion for up to 120 hours (5 days) after surgery. The primary efficacy variable was the mean morphine requirement during the first 24 hours following the procedure. Secondary endpoints included pain intensity at rest and during movement 48 hours postoperative; time to first opioid analgesia; nocturnal awakenings due to pain; and reduction in opioid-related adverse events. Results in the intention-to-treat (ITT) population (primary endpoint) after adjustment for age, weight, randomization center, and study group, revealed that patients in the 800 mg and 400 mg ibuprofen groups required a mean 190.6 mg and 208.5 mg morphine, respectively, compared to 223.0 mg morphine in the placebo group (p=0.030 [placebo vs. 800 mg, 32.4 mg or 15% less], p=0.458 [placebo vs. 400 mg, 14.5 mg or 7% less]. On average, nausea, vomiting, and constipation were reported more frequently in the placebo group (10%, 7.5%, and 4% greater, respectively) than the ibuprofen groups, possibly related to the higher morphine use in the placebo group.3 During the first 24 postoperative hours, less pain with rest or movement was reported in both treatment group versus placebo (Refer to Table 2 in the appendix for a complete summary of secondary efficacy outcomes in the ITT population.)

In a second multi-center, phase III study, 185 patients were randomized to receive either 800 mg of intravenous ibuprofen or placebo in combination with intravenous morphine PCA for pain management after surgery.7 Patients included in the double-blind study were scheduled for elective orthopedic (knee or hip replacement, reconstruction or arthroplasty) with an anticipated need for post-operative hospital stay and pain management with intravenous morphine for at least 28 hours. Exclusion criteria were similar to those listed in Table 1 in the appendix.  Patients received the first dose of study drug just before surgery during induction of anesthesia, then every 6 post-operative hours for a total of 5 scheduled doses.  Additional doses of the study drug were administered as needed for up to 120 hours (5 days).  The primary efficacy endpoint studied was area under the curve (AUC) of self-reported pain with movement score based on a 100 mm- visual analog scale (VAS [0= no pain, 100 = intense pain]) during post-operative hours 6-28. Patients’ self-assessment of pain at rest using VAS, self-assessment of pain using verbal rating scale (VRS [0= no pain, 4= pain at rest and with movement]), and differences in morphine requirements between groups were studied during the same 6-28 hour period to further evaluate the analgesic effect of perioperative intravenous ibuprofen.  Pain with movement measured by AUC-VAS was decreased by 25.8% in the ibuprofen group compared to placebo (1005.0 vs 1326.1 [p<0.001], respectively).  Pain at rest measured by AUC-VAS was reduced 31.8% in the ibuprofen group compared to placebo (728.0 vs 997.0 [p<0.001], respectively). Additionally, a 20.2% decrease in the AUC-VRS was observed in the ibuprofen group compared to placebo (38.0 vs 50.7 [p<0.001], respectively).  The placebo group required nearly 30% more morphine in addition to the study drug, with a mean morphine requirement of 60.9 mg compared to 44.3 mg in the ibuprofen group (Diff=16.6 mg, p<0.001). 
In a third similar study, 319 female patients scheduled to undergo abdominal hysterectomy were randomized to receive either 800 mg intravenous ibuprofen OR placebo in combination with morphine via PCA pump for post-operative pain control.8 Included patients were expected to require pain management for a minimum of 24 hours while admitted and received the first dose of study drug at time of wound closure. Exclusion criteria were similar to those listed in Table 1 in the appendix. Treatment consisted of the first dose of study drug given upon wound closure and then every 6 hours for a total of 8 doses over 48 post-operative hours.  Thereafter, patients received the study drug every 6 hours as needed for up to 5 days. The primary efficacy endpoint was the difference in morphine use with ibuprofen compared to placebo over the first 24 hour post-operative time period. Patients receiving ibuprofen had nearly a 15% decrease in morphine consumption when compared to placebo (p<0.001), with a least squares means (LSMeans) morphine requirement of 48.7 mg and 57.0 mg (diff=8.3 mg) in the ibuprofen and placebo groups, respectively. Secondary outcomes including pain at rest, pain with movement, and time to ambulation were also significantly reduced in patients receiving IV ibuprofen. No significant differences in other secondary outcomes including time to first subsequent narcotic analgesia for breakthrough pain, opioid-related side effects, resumption of liquid intake and solid diet, and length of hospital stay were observed.
Additional Information from the FDA Reviewer (Pain studies)
· In the Southworth, et al.6 study, morphine requirements within the first 24 hours were reported as “transformed (non-parametric testing model for not violating assumptions for normality)”data. In the statistical reviewer’s opinion, untransformed data would have been preferred since the sample size was not too small and the difference from normality was not too great.9  Refer to table for differences: 

	Morphine Requirements
	400 mg IV Ibuprofen
	800 mg IV ibuprofen
	Placebo

	Mean (SD)
	46.3 mg (29.4)
	43.8 mg (33.7)
	48.9 mg (27.7)

	Difference from placebo (% reduction)
	2.6 mg (5.3%)
	5.1 (10.4%)
	--

	Median (SD)
	44 mg
	35.5 mg
	45.3 mg

	Difference from placebo (% reduction)
	1.3 mg (2.3%)
	9.8 mg (21.6%)
	--

	Min/Max
	3 mg/198.25 mg
	0 mg/221.3 mg
	0 mg/144 mg

	LS Means (SE)
	46.3 mg (3.5)
	43.8 mg (3.4)
	48.9 mg (3.6)

	LD Mean-Difference from placebo
	2.6 mg
	5.1 mg
	--

	p-value
	0.667
	0.287
	--

	Transformed LS Means (SE)
	208.5 mg (13.6)
	190.6 mg (13.1)
	223 mg (13.8)

	LS Mean-Difference from placebo
	14.5 mg
	32.4 mg
	--

	p-value
	0.458
	0.030
	--


Table adapted from table 5.3.3-6 (FDA medical review of IV ibuprofen)
· Based upon the findings from the studies6,8 reviewed by the FDA medical officer, the reviewer concluded that “supplementing morphine sulfate analgesia with intravenous ibuprofen has a relatively small added therapeutic benefit.”9 In general, reducing mean morphine requirements within the first 24 postoperative hours ranging from 5% (400 mg) to nearly 22% (800 mg).
Summary of Efficacy (Pain)

There have been three clinical trials examining the added benefit of intravenous ibuprofen combined with morphine sulfate for the management of post-operative pain.  In these trials, 400-800 mg of IV ibuprofen given every 6 hours resulted in a modest reduction (5-22%) in the use of morphine sulfate and a reduction of approximately 10% in opioid-related adverse events (nausea, vomiting, constipation) in 1 of 3 trials.  No other significant differences in opioid-related events were observed except for increased vomiting in 1 group of patients that received 800 mg vs. placebo.  Pain intensity was reportedly reduced in favor of ibuprofen vs. placebo when combined with morphine in patients undergoing orthopedic or abdominal/gynecological surgeries.  There appeared to be a dose-response relationship in that the 800 mg dose statistically reduced morphine dose requirements while the 400 mg dose did not. In these trials, there did not appear to be an increased risk for post-operative bleeding or wound complications in the intravenous ibuprofen group compared to placebo.  However, patients in the trials were carefully selected and those with co-existing conditions, that may preclude the use of NSAIDs, were not randomized. To date, there are no clinical trials comparing the incremental benefit of intravenous ibuprofen to other injectable or oral NSAIDs when added to opioid analgesia for the management of postoperative pain.

Fever Reduction
To date, two studies evaluating the efficacy of intravenous ibuprofen for fever reduction have been published.

In the first double-blind trial, 120 patients with documented fever were randomized to one of three doses of intravenous ibuprofen (100 mg, 200 mg or 400 mg) or placebo.4 Patients were included if a fever of > 101° F had developed within seven days prior to the study period. Exclusion criteria were extensive and included age <18 years, weight <40 kg, increased risk for bleeding (including platelet count <30,000 and/or history of GI bleed in past 6 weeks), severe renal impairment or requirement of dialysis, recent head trauma, surgery or stroke, and drug-induced fever among others.  Patients received the study drug every four hours for a total of six doses. The primary efficacy endpoint was the number of patients with a temperature reduction to < 101° F 4 hours after the first dose of study drug.  Ibuprofen 100 mg, 200 mg, and 400 mg resulted in a significantly higher percentage of patients with a temperature decrease to  < 101° F at 4 hours after one dose of study drug compared to placebo (61%, 70%, 77%, and 32% of patients, respectively. All treatment groups were significantly different from placebo, p=0.026, p=0.0043, p=0.0005, respectively). Statistically significant fever reduction in temperature to < 101° F was observed in both critically ill (44% of population) and non-critically ill patients.  
In a second study, patients with malaria were treated with either intravenous ibuprofen 400 mg or placebo for reduction of fever of > 38° C (100.4° F).10  Thirty patients were randomly assigned to each group and received the study drug every 6 hours for 72 hours, then every 6 hours as needed for up to 2 days.  Exclusion criteria included < 17 years of age, body weight < 40 kg, pregnant or nursing, received antipyretic medication within 8 hours of study, history of allergy or adverse reaction to NSAIDs, or had any other significant medical problems. The primary end point was reduction of fever as measured by area above the 37° C (98.6° F) temperature versus time curve (AUC-T) within the first 24 hours of treatment.  A significant reduction in AUC-T° was seen in patients that received ibuprofen 400 mg [7.49 +/- 7.94 in ibuprofen group vs. 16.44 +/- 11.60 in placebo group (p= 0.002)].9   Secondary endpoints were also statistically significant with AUC-T° reduction at 0-4, 0-24, and 0-72 hours greater in the ibuprofen group.  Additionally, time to first negative culture was delayed in patients whose fevers were controlled with ibuprofen (median 37.3 hours vs. 23.7 hours).  Treatment failures, defined as temperature >106°F after first dose of study drug or >103°F after second or subsequent doses of study drug, were observed in 2 (6.7%) patients in the ibuprofen group and 3 (10%) patients in the placebo group.

Summary of Efficacy (Fever)
There have been two clinical trials conducted to examine the benefit of intravenous ibuprofen for fever reduction.  In one of these trials, 100-400 mg of IV ibuprofen resulted in a significantly higher percentage of hospitalized febrile patients (both critically and non-critically ill) with temperature decrease to < 101° F at 4 hours after the first dose compared to placebo.  In another trial, 400 mg IV ibuprofen every 6 hours significantly reduced AUC-T° within the first 24 hours of treatment in patients with malaria when compared to placebo.  There are no trials published to date comparing alternative oral therapies to IV ibuprofen for fever reduction.  Inclusion criteria included patients without co-existing conditions that preclude use of alternative oral therapies for management of post-operative pain, and additionally number of patients unable to tolerate oral medications in these two studies was not reported.  Adverse event occurrence in these studies suggest an association between IV ibuprofen and infection, as hospitalized patients had significantly higher incidence of bacteremia and patients with malaria had a delayed time to first negative culture with ibuprofen compared to placebo. However, in the study by Morris, et al.,4  a higher incidence of bacteremia was not observed in the 200 mg and 400 mg ibuprofen groups, and therefore, it is unlikely that it is an ibuprofen associated adverse effect.
Adverse Events (Safety Data)4,6-9
Sentinel Events, Deaths and Other Serious Adverse Events 

There were no reports of death or serious adverse events associated with intravenous ibuprofen use in clinical trials.  One reported serious adverse event of acute renal failure occurred in a young man with malaria described as having volume depletion related to persistent vomiting. Although the acute renal failure was not directly attributed to the intravenous ibuprofen, the FDA reviewer could not eliminate the possibility that ibuprofen could have had some adverse effect in this patient.9 Oral ibuprofen has been associated with several serious adverse events, including: cardiovascular thrombotic events, gastrointestinal effects, bleeding, hypertension, renal effects, anaphylactoid reactions, and bronchospasm. While these adverse events were not observed in the studies of intravenous ibuprofen, they are still possible. Intravenous ibuprofen was used for a short duration in clinical trials and patients with many comorbid conditions were excluded from the trials, thereby reducing the likelihood of occurrence of these serious adverse events. The potential adverse events associated with oral ibuprofen are included by the manufacturer in the intravenous ibuprofen prescribing information and are further described in the precautions section below.  These warnings and precautions are standard for the NSAID class of drugs.

Common Adverse Events

The most commonly occurring adverse events reported in clinical trials include nausea, vomiting, headache, and flatulence. The common adverse events that occurred in clinical trials are listed in Tables 3 and 4 below.

In the clinical trials conducted to date, the adverse events were reported in a majority of study participants with very few significant differences in the rates of reporting between intravenous ibuprofen and placebo. In the Southworth et al. study, fewer gastrointestinal adverse events were reported in the ibuprofen group when compared to placebo (400mg 74% [P=0.05], 800mg 71% [P=0.009], placebo 84%).6 This may have been related to the reduction in opioid use. In the study by Singla et al., more patients experienced emesis in the ibuprofen group when compared to placebo (27% vs. 14%, P = 0.031).7 In the Morris, et al. study in hospitalized febrile patients, significantly more cases of bacteremia were observed in the 100mg ibuprofen group when compared to placebo (4 vs. 0, P= 0.045).4 As this effect was not seen in any of the other ibuprofen groups (200 or 400 mg), it is unlikely that it is an ibuprofen associated adverse effect. There were no differences found between groups in terms of bleeding, bruising, hemoglobin/hematocrit values, or transfusion requirements in the postoperative pain or fever studies.
Table 3: Common ADRs in Pain Studies (Caldolor™ Package Insert)1
	Adverse Reaction
	400mg

N=134 (%)
	800mg

N=304 (%)
	Placebo

N=287 (%)

	Any Reaction
	118 (88)
	260 (86)
	258 (90)

	Nausea
	77 (57)
	161 (53)
	179 (62)

	Vomiting
	30 (22)
	46 (15)
	50 (17)

	Flatulence
	10 (7)
	49 (16)
	44 (15)

	Headache
	12 (9)
	35 (12)
	31 (11)

	Hemorrhage
	13 (10)
	13 (4)
	16 (6)

	Dizziness
	8 (6)
	13 (4)
	5 (2)

	Edema peripheral
	1 (<1)
	9 (3)
	4 (1)

	Urinary retention
	7 (5)
	10 (3)
	10 (3)

	Anemia
	5 (4)
	7 (2)
	6 (2)

	Decreased hemoglobin
	4 (3)
	6 (2)
	3 (1)

	Dyspepsia
	6 (4)
	4 (1)
	2 (<1)

	Wound hemorrhage
	4 (3)
	4 (1)
	4 (1)

	Abdominal discomfort
	4 (3)
	2 (<1)
	0

	Cough
	4 (3)
	2 (<1)
	1 (<1)

	Hypokalemia
	5 (4)
	3 (<1)
	8 (3)


*All patients received concomitant morphine during these studies.  

Table 4: Common ADRs in Fever Reduction Studies (Caldolor™ Package Insert)1
	Adverse Reaction
	100mg

N=30 (%)
	200mg

N=30 (%)
	400mg

N=31 (%)
	Placebo

N=28 (%)

	Any Reaction
	27 (87)
	25 (83)
	23 (74)
	25 (89)

	Anemia
	5 (17)
	6 (20)
	11 (36)
	4 (14)

	Eosinophilia
	7 (23)
	7 (23)
	8 (26)
	7 (25)

	Hypokalemia
	4 (13)
	4 (13)
	6 (19)
	5 (18)

	Hypoproteinemia
	3 (10)
	0
	4 (13)
	2 (7)

	Neutropenia
	2 (7)
	2 (7)
	4 (13)
	2 (7)

	Blood urea increased
	0
	0
	3 (10)
	0

	Hypernatremia
	2 (7)
	0
	3 (10)
	0

	Hypertension
	0
	0
	3 (10)
	0

	Hypoalbuminemia
	3 (10)
	1 (3)
	3 (10)
	1 (4)

	Hypotension
	0
	2 (7)
	3 (10)
	1 (4)

	Diarrhea
	3 (10)
	3 (10)
	2 (7)
	2 (7)

	Pneumonia bacterial
	3 (10)
	1 (3)
	2 (7)
	0

	Blood LDH increased
	3 (10)
	2 (7)
	1 (3)
	1 (4)

	Thrombocythemia
	3 (10)
	2 (7)
	1 (3)
	0

	Bacteremia
	4 (13)
	0
	0
	0


Tolerability

Overall data demonstrate a similar tolerability profile with intravenous and oral ibuprofen. 
Precautions/Contraindications1 


WARNING: RISK OF SERIOUS CARDIOVASCULAR AND GASTROINTESTINAL EVENTS

UCardiovascular Risk

• Non-steroidal anti-inflammatory drugs (NSAIDs) may increase the risk of serious cardiovascular (CV) thrombotic events, myocardial infarction, and stroke, which can be fatal. This risk may increase with duration of use. Patients with cardiovascular disease or risk factors for cardiovascular disease may be at greater risk.

• Caldolor is contraindicated for the treatment of peri-operative pain in the setting of coronary artery bypass graft (CABG) 

UGastrointestinal Risk

• NSAIDs increase the risk of serious gastrointestinal (GI) adverse events including bleeding, ulceration, and perforation of the stomach or intestines, which can be fatal. These events can occur at any time during use and without warning symptoms. Elderly patients are at greater risk for serious gastrointestinal events 
Precautions (Warnings and Precautions are standard for the NSAID class)
· Serious cardiovascular thrombotic events, myocardial infarction, and stroke risk increase with use of COX-2 selective and nonselective NSAIDs, as demonstrated by clinical trials. The lowest effective NSAID doses should be used for the shortest duration possible to minimize cardiovascular risk.

· Serious gastrointestinal (GI) adverse events can occur at any time during NSAID use, and include inflammation, bleeding, ulceration, and potentially fatal perforation of the stomach, small intestine, or large intestine. Intravenous ibuprofen should be used with caution in patients with a history of peptic ulcer disease or GI bleeding. 

· Elevation of liver function tests may occur with intravenous ibuprofen use, and in rare cases serious hepatic reactions can occur. If a patient presents with clinical signs and symptoms of liver disease and abnormal liver function tests while on intravenous ibuprofen, evaluation for a severe hepatic reaction should occur and ibuprofen should be discontinued.

· Intravenous ibuprofen may lead to new onset hypertension or worsening of existing hypertension. NSAIDs should be used cautiously in patients with hypertension and regular monitoring of blood pressure should occur during NSAID therapy. 

· As fluid retention and edema can occur during NSAID use, intravenous ibuprofen should be used with caution in patients with fluid retention or heart failure. 

· Long-term NSAID use can be associated with renal injury. While there is no clinical trial data available that evaluates intravenous ibuprofen use in patients with advanced renal disease, caution is advised when initiating therapy in these patients and increased renal function monitoring should occur.

· Anaphylactoid reactions can occur in patients with the aspirin triad or in patients without prior exposure to ibuprofen. Discontinue ibuprofen if an anaphylactoid reaction occurs.

· Serious skin reactions have been reported with NSAIDs including exfoliative dermatitis, Stevens-Johnson Syndrome and toxic epidermal necrolysis which can be life threatening. Discontinue ibuprofen if rash or other signs of local skin reactions occur.

· There are no adequate and well-controlled studies of intravenous ibuprofen in pregnant women. It is considered FDA pregnancy category C prior to 30 weeks gestation, and should be used only if potential benefit outweighs the potential risk to the fetus. It is categorized as FDA pregnancy category D starting at 30 weeks gestation. Premature closure of the ductus arteriosus in the fetus may occur when NSAIDs are used after 30 weeks gestation, and intravenous ibuprofen use should be avoided to prevent fetal harm. It is unknown whether ibuprofen is excreted in human milk, so a risk versus benefit decision should be made whether to discontinue nursing or avoid use of the drug.

· Intravenous ibuprofen may cause anemia due to fluid retention, GI blood loss, or an effect on erythropoiesis. Hemoglobin and hematocrit should be closely monitored in patients on long-term treatment with NSAIDs. 

· Certain asthma patients may be aspirin-sensitive, and the use of aspirin has been associated with potentially fatal bronchospasm. Intravenous ibuprofen should be avoided in aspirin-sensitive asthma patients, due to the potential for cross-reactivity, and should be used cautiously in any patient with asthma. 

· Ophthalmological effects such as blurred vision, scotomata, and changes in color vision have been reported with ibuprofen use. Ophthalmologic evaluation and discontinuation of ibuprofen should occur if a patient develops these symptoms. 

Contraindications

Intravenous ibuprofen is contraindicated in patients with known hypersensitivity reactions to ibuprofen. Patients with anaphylactoid reactions, serious skin reactions, asthma, or urticaria after ibuprofen or NSAID use should avoid using intravenous ibuprofen. Intravenous ibuprofen is also contraindicated for the treatment of peri-operative pain associated with coronary artery bypass graft surgery (CABG) due to the increased incidence of myocardial infarction and stroke seen in clinical trials.  

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:

	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Ibuprofen Inj
Caldolor Inj
	None
None
	None
None
	None
None
	None
None
	Possibly oral forms of ibuprofen

Carvedilol

Carnitor Inj

Calcimar Inj


Drug Interactions1 

Drug-Drug Interactions

· Aspirin reduces ibuprofen’s protein binding but does not change clearance of unbound ibuprofen.  The concomitant use of intravenous ibuprofen and aspirin, other NSAID’s, and COX-II inhibitors is not recommended due to increased potential for adverse effects with additive COX inhibition.

· Ibuprofen potentiates risk for gastrointestinal bleed when used in conjunction with anticoagulants. 

· Ibuprofen can reduce the hypertensive effect of ACE inhibitors.

· In some patients, the natriuretic effects of furosemide and thiazides may be reduced by ibuprofen.  When given concomitantly with diuretics, monitor closely for signs of renal failure and diuretic efficacy.

· Ibuprofen can increase plasma lithium concentrations and reduce renal clearance of lithium.  Monitor closely for signs of toxicity when given in combination with lithium.

· Ibuprofen may enhance methotrexate toxicity.  Use caution with concomitant administration of methotrexate and ibuprofen.

Drug-Lab Interactions

To date, no drug-lab interactions concerning intravenous ibuprofen have been reported.

Acquisition Costs
Pain Management11

	Drug
	Recommended Dose
	Max Dose/Day
	Price/Dose
	Cost/Day
	5 Day Cost

	Injectable Route
	
	
	
	
	

	Ibuprofen (IV)
	400-800 mg q 6 h
	3200 mg
	400 mg $6.97

800 mg $9.95
	$ 27.88-39.80
	$139.40-199.00

	Ketorolac (IM, IV)
	30 mg q 6 h
	120 mg
	30 mg $0.55
	$2.20
	$11.00

	Morphine (IV, IM, SQ)
	10mg q 4 h
	------
	10 mg $0.65
	$3.90
	$19.50

	Oral Route
	
	
	
	
	

	Tramadol
	50-100 mg q 4-6 h
	400 mg
	50 mg tab $0.02
	$0.12-0.16
	$0.60-0.80

	APAP/codiene
	15- 60 mg/300-1000 mg q 4 h
	4000 mg /360 mg
	30/300 mg tab $0.05
	$0.30-0.60
	$1.50-3.00

	Morphine
	10-30 mg q 4 h
	-----
	15 mg tab $0.03
	$0.18
	$.90

	Rectal Route
	
	
	
	
	

	APAP
	650 mg q 4-6 h
	3900 mg
	650 mg suppository $0.11
	$0.44-0.66
	$2.20-3.30


*Prices per McKesson, Accessed November 2010

APAP: acetaminophen

Fever Reduction11
	Drug
	Recommended Dose
	Max Dose/Day
	Price/Dose
	Cost/Day
	Cost 5 Days

	Intravenous
	
	
	
	
	

	Ibuprofen
	400 mg q 4-6 h
	3200 mg
	400 mg $6.97
	$41.82
	$209.10

	Oral
	
	
	
	
	

	Acetaminophen
	325-650mg q 4-6 h 
	4000 mg
	325 mg tab $0.01
	$0.06-0.12
	$0.30-0.60

	Ibuprofen
	400 mg q 4 h
	3200 mg
	400 mg tab $0.01
	$0.06
	$0.30

	Aspirin
	325-650 mg q 4
	4000 mg
	325 mg tab $0.01
	$0.06-0.12
	$0.30-0.60

	Rectal
	
	
	
	
	

	APAP
	650 mg q 4-6 h
	3900 mg
	650 mg suppository $0.11
	$0.44-0.66
	$2.20-3.30


*Prices per McKesson, Accessed November 2010

APAP: acetaminophen

Pharmacoeconomic Analysis

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

Conclusions

Intravenous ibuprofen is FDA approved for the management of mild to moderate pain and for the management of moderate to severe pain as an adjunct to opioid analgesics. It is also approved for fever reduction. It represents an additional/alternative treatment option for acute pain management and fever reduction.  The efficacy and safety of intravenous ibuprofen for the management of pain was investigated in three clinical trials conducted in patients undergoing orthopedic or gynecologic/abdominal surgery. The results of these trials demonstrate that ibuprofen, when administered intravenously in the acute post-operative setting, significantly reduced patient reported pain scores and modestly reduced morphine requirements when compared to placebo. In one of the studies, however, the 400 mg dose of IV ibuprofen did not significantly reduce morphine requirements. In addition, there are two randomized, controlled trials conducted in hospitalized febrile patients. In one of the studies, a significant reduction in the percentage of both critically and non-critically ill hospitalized patients with fever was observed after one dose of intravenous ibuprofen.  In the second trial, febrile patients hospitalized with uncomplicated malaria experienced a reduction in fever versus those receiving placebo within 24 hours. 

Common adverse events observed in clinical trials include headache, nausea, vomiting, and flatulence.  No serious adverse events were reported in any of the published trials including no reports of postoperative bleeding complications. However, patients with comorbid conditions and increased bleeding potential were uniformly excluded from the trials.  Additionally, intravenous ibuprofen was administered primarily in the acute post-operative setting and for only up to 5 days.  Serious adverse events associated with oral ibuprofen typically occur after prolonged use.

Because intravenous ibuprofen has only been studied for short-term use (up to 5 days) in specific populations, the use of intravenous ibuprofen is limited to short-term (5 days or less) combination therapy with opioids in acute post-operative pain, fever reduction, and in those patients without significant comorbidities including renal impairment, heart failure, cardiovascular disease, hypertension, history of/ current gastrointestinal bleed or peptic ulcer disease.  Because there are no clinical trials comparing intravenous ibuprofen to intravenous/intramuscular ketorolac or other oral alternatives, it is difficult to determine if intravenous ibuprofen provides any unique advantage in pain and fever management other than its route of administration.
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline for all articles published prior to October 2010 using the search terms <intravenous ibuprofen> and <caldolor>. The search was limited to studies performed in humans and published in English language. Articles reporting use of intravenous ibuprofen for patent ductus arteriosus, ischemic encephalopathy, and use of ibuprofen 

lysine formulation were excluded.  Reference lists of review articles were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Table 1: Exclusion Criteria6

	· Age < 18 years or > 70 years

	· Unable to provide informed consent or reliable self-report of pain

	· Weight < 30 Kg

	· History of allergy or hypersensitivity to ibuprofen or other NSAIDs

	· Current anemia, history  of asthma or heart failure

	· Platelet count < 30,000

	· Pregnant or breast feeding

	· History of GI bleed within 6 weeks prior to procedure 

	· History of bleeding diathesis or at increased risk for intracerebral hemorrhage

	· Renal insufficiency (creatinine clearance < 60 mL/min OR urine output < 500mL/24 hours)

	· Undergoing dialysis within 28 days prior to procedure

	· Concomitant warfarin, lithium, a combination of ACE inhibitor and furosemide, use of 

 analgesic, muscle relaxant or sedative within 24 hours prior to first dose of study  

              medication


	Table 2.  Efficacy Outcomes in ITT Population6

	
	Ibuprofen 400 mg 

(n=134)
	Ibuprofen 800 mg

(n=138)
	Placebo

(n=134)

	Mean (SD) morphine requirement, mg
	46.3 (29.4)
	43.8(33.7)  
	48.9 (27.7)

	Untransformed‡ LS mean (SE)* morphine requirement, mg
	46.3 (3.5)

(p > 0.05)†
	43.8 (3.4)

(p>0.05)†
	48.9 (3.6)

	Transformed‡ LS mean (SE)* morphine requirement, mg
	208.5 (13.6) 

(p = 0.318)†
	190.6 (13.1)

(p = 0.030)†
	223.0 (13.8)

	Pain at rest 

(VAS††- AUC, mm-h)
	
	
	

	     1-24 hours mean (SD)
	81.7 (41.7)
	73.9 (39.6)
	91.0 (46.0)

	     1-24 hours LS mean (SE)*
	88.5 (4.6)

(p=0.057)†
	82.3 (4.4)

(p=0.001)†
	97.3 (4.7)

	     6-24 hours mean (SD)
	55.6 (32.6)
	49.8 (31.4)
	65.3 (37.1)

	     6-24 hours LS mean (SE)*
	59.6 (3.7)

(p=0.013)†
	54.9 (3.6)

(p<0.001)†
	68.8 (3.8)

	     12-24 hours mean (SD)
	34.3 (21.3)
	30.6 (21.5)
	41.7 (24.7)

	     12-24 hours LS mean (SE)*
	35.5 (2.5)

(p=0.005)†
	32.6 (2.4)

(p<0.001)†
	52.5 (24.7)

	Pain with movement 

(VAS†† –AUC-mm-h)
	
	
	

	     1-24 hours mean (SD)
	119.7 (40.7)
	106.3 (43.9)
	123.3 (46.0)

	     1-24 hours LS mean (SE)*
	166.4 (4.9)

(p=0.021)†
	112.6 (4.7)

(p=0.002)†
	127.7 (5.0)



	     6-24 hours mean (SD)
	80.0 (32.7)
	76.2 (35.5)
	91.5 (37.6)

	     6-24 hours LS mean (SE)*
	81.9 (4.0)

(p=0.004)†
	79.4 (3.9)

(p<0.001)†
	93.4 (4.1)

	     12-24 hours mean (SD)
	51.0 (22.2)
	47.9 (24.0)
	59.2 (25.3)

	     12-24 hours LS mean (SE)*
	50.6 (2.7)

(p=0.003)†
	48.6 (2.6)

(p<0.001)†
	58.8 (2.8)



	*Least squares (LS) adjusted for age, weight, randomization center, study group

† p-value compared to placebo 

‡Data transformed using rank transformation

††Visual analog scale (VAS): 0= no pain to 100= intense pain
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