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Executive Summary:  

· The FDA indication for intranasal ketorolac tromethamine (Sprix™) is for the short-term (up to 5 days) management of moderate to moderately severe pain that requires analgesia at the opioid level.  Intranasal ketorolac has been studied in the setting of post-operative pain (major surgery and dental procedures), and used in conjunction with opioids. In one small study, intranasal ketorolac was used for moderate to severe endodontic pain before and after an endodontic procedure without concomitant use of opioids. There is currently no published evidence for the use of intranasal ketorolac in the treatment of migraines.
· Intranasal ketorolac is not indicated for minor pain or chronic painful conditions and therefore should not be used in these settings (Manufacturers labeling includes boxed warning against such use).

· Ketorolac has been available in injectable and oral forms since 1989 and 1991, respectively.
· Clinical trials (n=5 trials) demonstrate that intranasal ketorolac produces statistically significant improvements in pain ratings compared to placebo in post-surgical patients (n=850). 

· Trials also demonstrated that intranasal ketorolac reduced opioid usage in post-operative pain patients by approximately 30% (12-19 mg in the first 24 post-op hours).  Although not consistently observed, opioid-related morbidity, such as pruritis (2 trials) and somnolence (1 trial) was also reduced.

· Intranasal ketorolac was generally well tolerated, but is associated with more nasal symptoms—nasal discomfort, irritation, or pain—(11-24%) versus placebo (2-12%). 

· In clinical trials involving major surgery, 7/455 (1.5%) intranasal ketorolac patients experienced serious bleeding or hematoma at the operative site, compared to 1/245 (0.4%) treated with placebo.  Six of the seven intranasal ketorolac patients required an additional surgical procedure or transfusion, while the placebo patient required transfusion.
· The pharmacokinetics and safety profile of intranasal ketorolac are similar to that of intramuscular (IM) administration, with systemic levels reaching ~60% that of the IM route.
· The recommended dose in adult patients <65 years is 31.5 mg intranasal ketorolac (one 15.75 mg spray in each nostril) every 6 to 8 hours. The maximum daily dose is 126 mg (eight sprays).
· Reduced doses are recommended for special populations (age >65 years, renal impairment, weight <50 kg (110 lbs) 
· Ketorolac treatment (for all formulations) is limited to a duration of no more than 5 days to limit the risk of serious adverse events including GI bleeding, ulceration, perforation, and cardiovascular events.

· In general, contraindications/boxed warnings are similar for intranasal ketorolac and other NSAIDs aside from the 5-day use limitation for ketorolac.
· No pharmacoeconomic evaluations are available.

· Intranasal ketorolac is the only intranasally administered non-steroidal anti-inflammatory drug (NSAID) approved by the FDA. To date, there have been no clinical trials comparing the efficacy and safety of intranasal ketorolac to other opioid-sparing pain therapies (e.g., other NSAIDs, oral or IV, etc.) so it is difficult to determine if intranasal ketorolac provides any unique advantage in pain management other than its route of administration. 
Introduction

This monograph is a review of the intranasal dosage form of ketorolac tromethamine that was FDA approved on May 13, 2010.1 Injectable and oral forms of ketorolac were initially FDA approved in 1989 and 1991, respectively.  The metered-dose nasal spray is the first and only intranasally delivered non-steroidal anti-inflammatory drug (NSAID) and provides an alternate route of administration.

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 intranasal ketorolac 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/Pharmacokinetics2

Mechanism of action

Ketorolac tromethamine is a non-steroidal anti-inflammatory drug (NSAID). Its anti-inflammatory, analgesic, and antipyretic properties arise from inhibition of the enzyme cylooxygenase (COX), an early component of the arachidonic acid cascade, resulting in the reduced synthesis of prostaglandins, thromboxanes, and prostacyclin.  Ketorolac tromethamine is a racemic mixture, with the S-enantiomer having analgesic activity.  Ketorolac does not bind to opiate receptors, but a 30mg intramuscular dose has been found to have an analgesic effect comparable to 6-12mg of morphine.  

Metabolism

Ketorolac tromethamine is metabolized in the liver.  The metabolic products are hydroxylated and conjugated forms of the parent drug.  

Excretion

The principal route of elimination of ketorolac and its metabolites is renal.  About 92% of a given dose is excreted in urine—of which, approximately 60% is excreted as unchanged drug.  Approximately 6% of a dose is excreted in feces.  

AUC, clearance, half-life

The half-life of the ketorolac tromethamine S-enantiomer is approximately 2.5 hours (SD: ±0.4) compared with 5 hours (SD: ±1.7) for the R-enantiomer.  In other studies, the half-life for the racemic mixture has been reported as 5- 6 hours.

Bioavailability

The intranasal route for administration of ketorolac has 64% of the bioavailability of the intramuscular injection.

Distribution

The apparent volume of distribution is 13L/70kg, as determined from single-dose data.  

The spray is designed to deposit drug on the nasal turbinates.  Scintigraphic assessment following intranasal administration of ketorolac demonstrated that most of the drug was deposited in the nasal cavity and pharynx, with less than 20% deposited in the esophagus and stomach, and zero or negligible deposition in the lungs (<0.5%).

Intranasal administration may increase drug concentrations in the central nervous system and cerebrospinal fluid (CSF).3  Ketorolac tromethamine is very water-soluble, and would not otherwise have significant penetration into CSF.

Ketorolac is excreted in human breast milk.

Protein binding

Ketorolac is 99% protein bound.  Plasma concentrations as high as 10mcg/mL will only occupy 5% of albumin binding sites.  A decrease in serum albumin will result in increased free drug concentrations.  

Table 1. Pharmacokinetic Parameters of Ketorolac Tromethamine after IM and intranasal administration

	Parameter
	30mg IM 
(1.0 ml of 30mg/ml soln)
	31.5mg intranasal (100mcL of 15% w/w sol)
	15mg IM 
(0.5mL of 30mg/mL soln)

	Metabolism
	Hepatic
	Hepatic
	Hepatic

	Elimination
	Renal
	Renal
	Renal

	Protein Binding
	99%
	99%
	99%

	Bioavailability
	1
	0.64
	1

	Cmax (SD) ng/mL
	2382.2 (±432.7)
	1805.8 (±882.8)
	1163.4 (±279.9)

	Tmax (range) hours
	0.75 (0.25-1.03)
	0.75 (0.5-2.00)
	0.75 (0.25-1.5)

	AUC 0(∞ (SD) ng·h/mL
	1152.8 (±4260.1)
	7477.3 (±3654.4)
	5196.3 (±2076.7)

	T1/2 (SD) hours
	4.8 (±1.18)
	5.24 (±1.33)
	5.00 (±1.72)


FDA Approved Indication(s) and Off-label Uses

Intranasal ketorolac is indicated for short-term (up to 5 days) management of moderate to moderately severe pain necessitating analgesia at the opioid level.  It has been studied in the setting of post-operative pain, and used in conjunction with opioids.  

Investigations are underway for its use in abortive migraine therapy.4
It has also been evaluated as a pretreatment challenge for the diagnosis of and desensitization of aspirin-exacerbated respiratory disease.5,11 

Current VA National Formulary Alternatives 

Ketorolac is the only NSAID available in the US in intranasal form.  Butorphanol is a non-formulary opioid analgesic available as an intranasal spray. VA formulary NSAIDs are listed in the table below.

	Table 2.  VA Formulary NSAIDs 6 and Salicylates

	Drug
	Dosage Form



	aspirin
	tab: various strengths (buffered, chewable, enteric coated, uncoated)

suppository: 300mg, 600mg

	diclofenac 
	tab, enteric coated: 25mg, 50mg, 75mg

	etodolac
	cap: 300mg

tab: 400mg

	ibuprofen
	susp, oral: 100mg/5mL

tab: 200mg, 400mg, 600mg, 800mg

	indomethacin
	cap: 25mg, 50mg

	ketorolac
	inj: 30mg/1mL, 60mg/2mL

	meloxicam
	tab: 7.5mg, 15mg

	naproxen
	susp: 125mg/5mL

tab: 250mg, 375mg, 500mg

	piroxicam
	cap: 10mg, 20mg

	salsalate
	tab: 500mg, 750mg

	sulindac
	tab: 150mg, 200mg  


Dosage and Administration2

Limitations of use

The total duration of use of intranasal ketorolac alone or sequentially with other formulations of ketorolac (IM/IV or oral) must not exceed 5 days because of the potential for increasing the frequency and severity of adverse reactions, specifically upper gastrointestinal (GI) bleeding.  Patients should be treated for the shortest duration possible, not exceeding 5 days of therapy with all forms of ketorolac.

Intranasal ketorolac should not be used concomitantly with other formulations of ketorolac or other NSAIDs. 

Intranasal ketorolac has not been shown to be safe and effective in pediatric patients 17 years of age and younger.

Adult patients < 65 years of age

The recommended dose is 31.5 mg intranasal ketorolac (one 15.75 mg spray in each nostril) every 6 to 8 hours. The maximum daily dose is 126 mg (eight sprays).

Reduced doses for special populations

1) A reduced dose of 15.75 mg intranasal ketorolac (one 15.75 mg spray in only one nostril) every 6 to 8 hours, and maximum daily dose of 63 mg (four sprays) is recommended for adult patients with any of the following characteristics:   

2) Age ≥ 65 years

3) Renal impairment

4) Weight <50 kg (110 lbs)

Discard used intranasal ketorolac bottle after 24 hours

Any single intranasal ketorolac bottle is good for only 1 day after initial use because it will not deliver the intended dose after 24 hours. Therefore the bottle, with any remaining medication inside, must be discarded no more than 24 hours after priming.

Storage

Bottles should be protected from light and freezing. Unopened bottles should be refrigerated at between 36°F and 46°F (2°C and 8°C). During use, containers should be kept at controlled room temperature, between 59°F and 86°F (15°C and 30°C) out of direct sunlight. 
Efficacy 

Pain is a subjectively experienced phenomenon that is difficult to objectively quantify. Evaluation of pain and treatment efficacy usually requires some form of patient self-reporting.  

Efficacy Measures

Primary measures:

Total morphine use is the total amount of PCA morphine (or calculated morphine-equivalent) used during a specified time period by the patient while on the study drug.  This is a measure of the pain that was not relieved by the study drug.  

Summed pain intensity difference (SPID) is a measure of improvement in pain intensity over time.  Pain intensity difference (PID) is the change in pain intensity from the initial measurement.  SPID is calculated by summing together a series of time-weighted pain intensity differences.  Higher values indicate better efficacy.  

Secondary measures:

Pain intensity is measured by use of a 100mm Visual Analog Scale (VAS).  Patients place a mark along a 100mm long scale to represent their level of pain.  One end of the line is designated “no pain,” and the opposite end is designated “worst pain possible.”

5-Point rating scales: Global assessment of pain control (GAPC), Global evaluation of pain control (GEPC), Global medication performance, Quality of Analgesia, and Quality of Pain Relief are all 5-point Likert-scale evaluations of pain control, medication performance, or pain relief.  They all are scaled 0 thru 4.
Categoric pain scale: Consists of boxes with numbers 0-3 corresponding to pain described as none, mild, moderate or severe.

Heft-Parker pain scale: Scale consists of a horizontal line measuring 0-170 mm with vertical lines intersecting it and descriptors at the vertical lines describing the severity of pain.
Total pain relief (TOTPAR):  Just as SPID is a time-weighted average of serial Pain Intensity Differences, TOTPAR is a weighted sum of changes from baseline in serial Pain Relief Likert-ratings.

Onset of analgesia is a stopwatch measure of elapsed time from study drug administration until “meaningful” pain relief is experienced.  Shorter onset would indicate quicker pain relief.  Time to Rescue, another timed statistic, measures time to administration of the first rescue dose of analgesic.  The longer the rescue dose can be delayed, the longer the effective duration of action of the study drug.

Summary of Efficacy Findings 

To date, there have been 5 published double-blind randomized clinical trials examining the safety and efficacy of intranasal ketorolac compared to placebo for treatment of postoperative pain in adults or after a dental procedure.  One study examined patients undergoing impacted 3rd molar extractions while another small study in patients with endodontic pain compared pain levels before and after an endodontic procedure. The three remaining studies were conducted in patients undergoing inpatient surgeries in which their length of stay was expected to range between 2-5 days.  The types of surgeries included abdominal (predominantly gynecologic surgeries) and orthopedic surgeries.  In these studies patients were randomized to receive intranasal ketorolac or placebo, with all patients (in the post-operative studies) receiving opioid analgesia via patient controlled analgesia (PCA).  Patients were excluded if they had a history of gastrointestinal (GI) or bleeding disorders, active upper respiratory tract infections, hypersensitivity to NSAIDs, and use of nasal sprays or NSAID with 24 hours prior to the start of the study. 

· In the three post-operative pain (excluding dental procedures) studies, intranasal ketorolac significantly reduced the need for opioid analgesics by 21-34% (12-19 mg) within the first 24 hours and by 23-33.5% (20-26.5 mg) within the first 48 hours. 7,8,10
· Four clinical trials demonstrated that intranasal ketorolac provided better analgesia through statistically higher SPID values compared to placebo. 7,8,9,10
· Three clinical trials showed that intranasal ketorolac had a quick onset of analgesia—with either a higher proportion of patients reaching meaningful pain relief in 1 hour 8, or improved pain ratings within 20 minutes. 9,10
· In patients (n=22) presenting with moderate to severe endodontic pain, intranasal ketorolac or placebo was given 30 minutes prior to the endodontic procedure and immediately after completion of the procedure. Pain levels were monitored 15 and 30 minutes after the first dose and 30 minutes after the procedure, 4, 8 and 12 hrs after initial dosing. Intranasal ketorolac provided better pain relief before and after the procedure (30 minutes after the first and second dose and through 4 hrs after first dose, p=0.03) vs. placebo.12 There were no differences from placebo 15 minutes after first dose of intranasal ketorolac (prior to procedure) or beyond 4 hours after initial dosing. 
· For study details, refer to Table 3 and the Appendix, Clinical Trials.

Table 3. Summary of Clinical Trials Examining the Use of Intranasal Ketorolac

	Study
	Population
	Intervention
	Results
	Adverse Drug Events

	Grant, 20109
	N=80

Mean age: 24yo

Female: 54%

Surgery Type:

Dental 3rd molar extractions--

All pts had at least 3 teeth extracted. 
	Single dose IN Ket 31.5mg + rescue analgesic prn

vs.

Placebo + rescue analgesic prn
	Ket SPID and TOTPAR @4h, 6h, and 8h showed clinically and statistically significantly better analgesia than placebo.

More ket pts reached perceptible and meaningful analgesia more quickly than placebo.

Time to rescue: Ket 360min, Placebo 96min.
	3 pts receiving Ket experienced mild headache, compared to 5 in Placebo.  No other adverse events reported with ketorolac.

	Moodie, 20087
	N=127

Mean Age: 53

Female: 67%

Surgery Type:

 abdominal 39%

 orthopedic 61%


	IN Ket 10mg or 31.5mg vs. Placebo q8h x40h post op +PCA
	Ket 31.5mg showed significantly less morphine use than placebo at 24h (37.8mg vs. 56.5mg, ↓33%, p=0.001) and 48h (61.4m vs. 87.9mg, ↓30%, p=0.006).

SPID4 and SPID6 also significantly higher with Ket 31.5mg compared to placebo.

For most endpoints, the higher dose of IN ket was associated with improved pain control vs. the lower dose.
	ADE of Ket 31.5mg similar to placebo except:

Ket 31.5 mg vs. placebo, respectively:

Pyrexia (33% vs. 62%), tachycardia (19% vs. 41%), pruritis (10% vs. 24%), and somnolence (2% vs. 12%) decreased, and nasal irritation (17% vs. 12%) increased. 

Incidence of anemia was lower in both ket groups vs. placebo (27% vs. 33%).

Nosebleed occurred in 1 placebo pt (2.4%), 1 Ket 10mg pt (2.3%), and 3 Ket 31.5mg pts (7.1%).  No other reports of bleeding.

Numerically higher severe ADEs reported in ket groups (n=7, 10 mg, n=4, 31.5 mg vs. n=1 placebo), types of severe ADEs not provided

	Brown, 20098
	N=300

Mean age: 52yo

Female: 69%

Surgery Type:

 abdominal 52%

 orthopedic 46%


	Multi-dose phase: 

IN Ket 30mg TID + PCA vs. placebo +PCA.

Single-dose phase: If pt VAS>40 on day after surgery, entered single-dose phase for 6 hours or until rescue drug requested, then transitioned to multidose phase
	Ket had significantly higher SPID6 than placebo (83.3 vs. 37.2, p=0.007)

Mean PID scores in single dose phase significant for times 0.5-4h, but not significant at 5 or 6h.

Ket reduced morphine use 34% over first 48h.
	Adverse events similar to placebo except: Increased nasal irritation (24% vs. 2%, p<0.0001), and decreased pyrexia (44% vs. 67%, p=0.0001) and pruritis (11% vs. 19%, p=0.47) with Ket.

Ket had 2 cases of post surgical hemorrhage, 1 serious wound complication.

Higher incidence of anemia in ket group (19% vs. 12%, p=0.14) was not statistically significant.

	Singla, 201010
	N=321

Mean age: 46yo;

Female 96%;

Major open abdominal surgery; 

78% gyn procedures
	IN Ket 31.5mg q6h x 48h, then QID prn up to 5 days. +PCA

vs.

Placebo +PCA
	Ket SPID6 score showed statistically significant analgesic efficacy compared to placebo.

Ket reduced opioid use 24% compared to placebo over first 48h.
	Safety: Overall withdrawal rates similar, but Ket had higher withdrawal due to ADE (24%vs 14%).

Most common ADE similar to placebo.  Ket had higher incidences of rhinalgia (20% vs. 0%), nasal discomfort (11% vs. 3%), and anemia (15% vs. 10%).  Anemia did not persist at 2-week follow-up.  No incidence of GI or surgical bleeding was attributable to study drug.

Nosebleed was comparable between treatment and placebo (14% vs. 16%) 

	Turner, 201112
	N=22

Patients with endodontic pain having root canal
	IN Ket 12 mg (2 sprays vs placebo nasal spray in each nostril) 30 min. prior to procedure and immediately post-op (total 24 mg)

Self assessment pain questionnaire: scales(3 scales): Categoric, VAS and Heft-Parker: baseline, 15 and 30 minutes after the first inhalation, 30 minutes after completion of procedure, 4, 8 and 12 hrs after initial dosing.
	VAS and HP pain scales: IN Ket provided better pain relief at 30 min after initial dosing vs. placebo and through 4 hrs of initial dose. Pain relief was not significantly different beyond 4 hrs (8 and 12 hrs). Categorical pain scale showed better pain relief at 30 minutes after the procedure and 4 hrs after initial dosing.
	No serious ADEs. Most common report was minor stinging sensation from nasal irritation lasting 1-2 minutes after IN ket. 

(two doses of IN Ket vs. placebo nasal spray)


ADE=adverse drug events, HP-Heft-Parker pain scale, IN Ket=intranasal ketorolac, prn=as needed, PID=pain intensity difference, QID=four times daily, SPID-summed pain intensity difference (SPID4=@ 4 hrs, etc.), TID=three times daily, TOTPAR=total pain relief

Adverse Events (Safety Data) 2

Deaths and others serious adverse events2 

No deaths occurred during studies with intranasal ketorolac.

In controlled clinical trials involving major surgery, 7/455 (1.5%) intranasal ketorolac patients experienced serious bleeding or hematoma at the operative site, compared to 1/245 (0.4%) treated with placebo.  Six of the seven intranasal ketorolac patients required an additional surgical procedure or transfusion, while the placebo patient required transfusion.

Common adverse events2
The most common reported adverse events in clinical trials were nasal irritation or discomfort.  The most common adverse events leading to discontinuation were nasal pain or discomfort.

Other adverse events2
Below is a table of adverse events for post-operative pain patients.  Listed are events with rates >2% and at least twice the incidence of the placebo group.

Table 4. Adverse Events (Rates >2% and twice the incidence of placebo.) 2
	
	Placebo

(N=245)
	Intranasal Ketorolac

(N=455)

	Nasal discomfort
	2%
	15%

	Rhinalgia
	<1%
	13%

	Lacrimation Increased
	0%
	5%

	Throat irritation
	<1%
	4%

	Oliguria
	1%
	3%

	Rash
	<1%
	3%

	Bradycardia
	<1%
	2%

	Urine output decreased
	<1%
	2%

	ALT and/or AST increased
	1%
	2%

	Hypertension
	1%
	2%

	Rhinitis
	<1%
	2%


Adverse events from clinical trials of other formulations of ketorolac2
Severe complications from treatment of other forms of ketorolac include: GI ulceration, bleeding, and perforation, post-operative bleeding, acute renal failure, anaphylactic and anaphylactoid reactions, and liver failure.

Adverse events from clinical trials of other NSAIDs2
In patients taking ketorolac or other NSAIDs in clinical trials, the most frequently reported adverse experiences in approximately 1% to 10% of patients are abdominal pain, constipation, diarrhea, dyspepsia, flatulence, GI fullness, GI ulcers (gastric/duodenal), gross bleeding/ perforation, heartburn, nausea, stomatitis, vomiting, abnormal renal function, anemia, dizziness, drowsiness, edema, elevated liver enzymes, headache, hypertension, increased bleeding time, pruritus, purpura, rash, tinnitus, and sweating.

Tolerability

In the four studies, withdrawal rates due to adverse events were 16% and 13%, for intranasal ketorolac-treated and placebo-treated patients, respectively.  

In clinical trials, 11-24% of patients experienced nasal irritation, discomfort, or pain with intranasal ketorolac vs. 2-12% with placebo.

For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials.

Contraindications1

Contraindications include:

· Known hypersensitivity to ketorolac tromethamine, ethylenediamine tetraacetic acid (EDTA), aspirin, or other NSAIDs.

· Use in patients with active peptic ulcer disease, in patients with recent gastrointestinal bleeding or perforation, and in patients with a history of peptic ulcer disease or gastrointestinal bleeding 

· Use in patients with a history of asthma, urticaria, or other allergic-type reactions after taking aspirin or other NSAIDs

· Use as a prophylactic analgesic before any major surgery 

· Use during the perioperative period in the setting of coronary artery bypass graft (CABG) surgery 

· Use in patients with advanced renal disease or patients at risk for renal failure due to volume depletion 

· Use in labor and delivery. 

· Use in patients with suspected or confirmed cerebrovascular bleeding, hemorrhagic diathesis, incomplete hemostasis, those with a high risk of bleeding or those for whom hemostasis is critical  

· Use in nursing mothers because of the potential adverse effects of prostaglandin-inhibiting drugs on neonates  

· Concomitant use with probenecid or pentoxifylline 

Warnings and Precautions1

In general, the warnings and precautions for ketorolac are the same as those for other NSAIDs, with the exception of the 5-day use limitation.

Limitations of Use

The total duration of use of intranasal ketorolac alone or sequentially with other forms of ketorolac is not to exceed 5 days. Intranasal ketorolac must not be used concomitantly with other forms of ketorolac or other NSAIDs 

Gastrointestinal (GI) Effects - Risk of Ulceration, Bleeding, and Perforation

Intranasal ketorolac is contraindicated in patients with previously documented peptic ulcers and/or GI bleeding.  Ketorolac tromethamine can cause serious GI adverse events including bleeding, ulceration, and perforation, which can be fatal.   Risk increases with increasing dose and duration, concomitant use of oral corticosteroids or anticoagulants, smoking, use of alcohol, older age, and poor general health status.  Most spontaneous reports of fatal GI events occur in elderly or debilitated patients and as a result, special care should be taken with this group of patients.  Ketorolac may also exacerbate inflammatory bowel disease (ulcerative colitis, Crohn’s disease). 

Hematological Effects

Because ketorolac affects platelet aggregation and hemostastis, caution is advised for use in patients with coagulation disorders, on anticoagulation therapy, or in the perioperative setting.  Ketorolac is also associated with anemia which corrects upon discontinuation.

Renal Effects

Patients with reduced creatinine clearance will have reduced drug clearance.  NSAIDs can affect renal perfusion and precipitate overt renal decompensation.  Risk of renal toxicity increases with decreased intravascular volume.  Caution is advised in patients with impaired renal function, heart failure, liver dysfunction, those taking diuretics or ACE inhibitors, and the elderly. 

Anaphylactoid Reactions

As with other NSAIDs, anaphylactoid reactions may occur in patients with or without a history of allergic reactions to aspirin or NSAIDs and in patients without known prior exposure to ketorolac.  Intranasal ketorolac should not be given to patients with the aspirin triad.  

Cardiovascular Effects

Cardiovascular (CV) Thrombotic Events

Clinical trials of several COX-2 selective and nonselective NSAIDs of up to three years duration have shown an increased risk of serious CV thrombotic events, myocardial infarction and stroke, which can be fatal.  
Hypertension

NSAIDs can lead to onset of new hypertension or worsening of preexisting hypertension, either of which may contribute to the increased incidence of CV events.  In addition, NSAID therapy can interfere with the effectiveness of thiazides or loop diuretics.
Congestive Heart Failure and Edema

Fluid and sodium retention, edema, oliguria, and elevations of serum urea nitrogen and creatinine have been reported in clinical trials with ketorolac, and may exacerbate congestive heart failure or similar conditions.
Skin Reactions

NSAIDs, including ketorolac, can cause serious skin adverse events such as exfoliative dermatitis, Stevens-Johnson Syndrome (SJS), and toxic epidermal necrolysis (TEN), which can be fatal.  

Pregnancy

Starting at 30 weeks gestation, intranasal ketorolac can cause fetal harm when administered to a pregnant woman due to an increased risk of premature closure of the ductus arteriosus. 

Hepatic Effects

Borderline elevations of one or more liver tests may occur in up to 15% of patients taking NSAIDs.  Elevations of ALT or AST three or more times the upper limit of normal have been reported in approximately 1% of patients in NSAID trials.  In addition, rare cases of severe or fatal hepatic reactions, including jaundice, fulminant hepatitis, liver necrosis, and hepatic failure, have been reported.
Inflammation and Fever

The pharmacological activity of intranasal ketorolac in reducing inflammation and fever may diminish the utility of these diagnostic signs in detecting infections.

Preexisting Asthma

Ketorolac is contraindicated in patients with aspirin-sensitive asthma since cross-reactivity with NSAIDs can occur.  Caution is advised in patients with preexisting asthma. 

Postmarketing Safety Experience (Optional)

Postmarketing safety data with intranasal ketorolac is not available at the time of writing of this monograph since it was marketed on May 17, 2011.
Sentinel Events

No sentinel event data with intranasal ketorolac is available at the time of writing of this monograph.

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

	Ketorolac Nasal Spray
	Ketalar™

	None

	Kerlone™
Kenalog™

	Ketalar
methadone


	ketorolac (systemic, ophth.)
ketotifen ophth.

diclofenac, etodolac

	SPRIXTM
	None
	None
	None
	None
	SpirivaTM CelebrexTM, CerebyxTM, SronyxTM, SporanoxTM CelexaTM, SyrexTM, ZyprexaTM


Drug Interactions

Drug-Drug Interactions

There is no evidence in animal or human studies that ketorolac induces or inhibits hepatic enzymes capable of metabolizing itself or other drugs.  

Unbound warfarin may be slightly reduced from 99.5% to 99.3% with ketorolac plasma concentrations of 5-10mcg/mL.  The effects of warfarin and NSAIDs, in general, on GI bleeding are synergistic, and could increase risk and severity of bleed.  

In in-vitro studies, therapeutic concentrations of salicylate (300 mcg/mL) decreased protein binding of ketorolac from 99.2% to 97.5%, representing a potential twofold increase in unbound ketorolac plasma levels.  

Aspirin 

When ketorolac is administered with aspirin, its protein binding is reduced, although the clearance of free ketorolac is not altered.  The clinical significance of this interaction is not known; however, as with other NSAIDs, concomitant administration of ketorolac and aspirin is not generally recommended because of the potential for increased adverse events. 

Diuretics  

Clinical studies, as well as post-marketing observations, have shown that ketorolac can reduce the natriuretic effect of furosemide and thiazide diuretics in some patients.  

Probenecid

Concomitant administration of oral ketorolac and probenecid resulted in decreased clearance and volume of distribution of ketorolac and significant increases in ketorolac plasma levels (total AUC increased approximately threefold from 5.4 to 17.8 mcg/h/mL), and terminal half-life increased approximately twofold from 6.6 to 15.1 hours. Therefore, concomitant use with probenecid is contraindicated.  

Lithium

NSAIDs increase mean plasma lithium levels by 15% and reduce renal lithium clearance by 20%.  Concomitant lithium administration requires monitoring for lithium toxicity.  

Methotrexate  

NSAIDs have been reported to competitively inhibit methotrexate accumulation in rabbit kidney slices and may increase the risk of the methotrexate toxicity.  

ACE Inhibitors/Angiotensin II Receptor Antagonists  

Concomitant use of ACE inhibitors and/or angiotensin II receptor antagonists may increase the risk of renal impairment, particularly in volume-depleted patients.  NSAIDs may also diminish the antihypertensive effect of ACE inhibitors and/or angiotensin II receptor antagonists. 

Antiepileptic Drugs  

Sporadic cases of seizures have been reported during concomitant use of ketorolac with antiepileptics such as phenytoin and carbamazepine.  

Psychoactive Drugs  

Hallucinations have been reported when ketorolac was used in patients taking psychoactive drugs such as fluoxetine, thiothixene, and alprazolam.

Pentoxifylline

When ketorolac is administered concurrently with pentoxifylline, there is an increased tendency for bleeding. Therefore, concomitant use of ketorolac and pentoxifylline is contraindicated.

Nondepolarizing Muscle Relaxants

There have been reports of a possible interaction between ketorolac and nondepolarizing muscle relaxants that resulted in apnea.  The concurrent use of ketorolac with muscle relaxants has not been formally studied.

Selective Serotonin Reuptake Inhibitors (SSRIs)

There is an increased risk of gastrointestinal bleeding when selective serotonin reuptake inhibitors (SSRIs) are combined with NSAIDs. 

Fluticasone and Oxymetazoline nasal sprays

In a pharmacokinetic study, there was no clinically significant change in characteristics of intranasal ketorolac when administered before or after a fluticasone or oxymetazoline nasal spray.

Drug-Lab Interactions

No data available

Acquisition Costs

  The table below lists product costs, as found in 644Drug Info in VISTA6, of select comparator drugs.

Table 5. Relative Cost of Select Comparator Drugs

	NSAID Comparator
	Cost ($) per Dose
	Cost ($) per day
	Cost ($) for 3-5 days of Treatment

	Ketorolac 31.5 mg nasal spray (q6-8h)
	3.16*
	25.30*+
	75.91-126.51*+

	Ketorolac 10mg oral tab (q6h)
	0.3821
	1.52
	4.56-7.6

	Ketorolac 30mg/1ml inj (q6h)
	0.5488
	2.20
	6.60-11

	Celecoxib 100mg oral tab, twice daily
	1.3497
	2.70
	8.10-13.50

	Celecoxib 200mg oral tab, daily
	1.9783
	1.97
	3.88-9.85

	Meloxicam 7.5mg oral tab, daily
	0.0208
	0.02
	0.06-0.10

	Meloxicam 15mg oral tab, daily
	0.0356
	0.04
	0.12-0.20

	Etodolac 300mg oral tab (q8h)
	0.0914
	0.27
	0.81-1.35

	Etodolac 400mg oral tab (q12h)
	0.0883
	0.18
	0.54-0.90

	Ibuprofen IV, 800 mg (q6h)
	9.95
	39.00
	117-195

	Butorphanol Intranasal 10mg/ml, 2.5ml (1 spray=1mg q3-4h, nearly 25 doses/bottle) ($6.43/bottle)(opioid agonist/antagonist)
	0.26/dose
	1.56
	6.24


BID=twice daily, (Costs of all products, except intranasal ketorolac obtained from 644 VISTA, 1/19/2011) 
*FSS pricing not available for intranasal ketorolac, obtained 6-14-11 (product marketed on 5-17-11), +Unused contents of intranasal ketorolac bottle must be disposed of after 24 hrs.

Pharmacoeconomic Analysis

No data available.

Conclusions

The FDA approved intranasal ketorolac in May 2010 for the short-term (up to 5 days) management of moderate to moderately severe pain necessitating analgesia at the opioid level. It has been studied in the setting of post-operative pain in four clinical trials, and used in conjunction with opioids in three of those studies. It was also studied in a small number of patients with moderate to severe endodontic pain and provided better pain relief compared to placebo both before and 4 hours after an endodontic procedure. There is no published evidence for the use of intranasal ketorolac in the treatment of migraines. Intranasal ketorolac has not been studied in patients with minor pain or chronic painful conditions and therefore should not be used in these settings.

Intranasal ketorolac has been shown to reduce concomitant opioid usage (by approximately 30% or 12-19 mg less morphine in the first 24 post-operative hours) and improve subjective pain ratings, primarily in the settings of abdominal and orthopedic post-operative pain, compared to placebo.  Intranasal administration of ketorolac has been shown to behave pharmacokinetically similar to the intramuscular route and achieve systemic levels approximately 60% that of intramuscular (IM) administration.  The safety profile of intranasal ketorolac is similar to that of other forms of ketorolac, with risks of serious adverse effects, such as GI, hemorrhagic, and cardiovascular events, minimized when dosing and duration guidelines are followed.  Intranasal administration is associated with more local reactions—nasal irritation, discomfort, and pain. The total duration of use of intranasal ketorolac alone or sequentially with other formulations of ketorolac (IM/IV or oral) must not exceed 5 days because of the potential for increasing the frequency and severity of adverse reactions, specifically upper gastrointestinal (GI) bleeding.  Patients should be treated for the shortest duration possible, not exceeding 5 days of therapy with all forms of ketorolac.

Intranasal ketorolac is the only intranasally administered non-steroidal anti-inflammatory drug (NSAID) approved by the FDA. To date, there have been no clinical trials comparing the efficacy and safety of intranasal ketorolac to other opioid-sparing pain therapies (e.g., other NSAIDs, oral or IV, etc.) so it is difficult to determine if intranasal ketorolac provides any unique advantage in pain management other than its route of administration.
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Appendix:  Clinical Trials

A literature search was performed on PubMed with no date restriction using the search terms ketorolac and intranasal. The search was limited to clinical trials performed in humans and published in English language. Reference lists of articles were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.  The FDA website—Drugs@FDA, and manufacturer’s website—http://www.roxropharma.com, were searched for relevant information.  A general Google internet search was also performed with terms—intranasal and ketorolac.
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	Moodie, Brown, Bisley, Weber, Bynum (2008)

The Safety and Analgesic Efficacy of Intranasal Ketorolac in Patients with Post-operative Pain

DB, PC, RCT, ITT 

Phase 3

Inpatient surgery

New Zealand
	Inclusion:
M or F ≥ 18yo;

Wt: 100-300lbs;

Not pregnant;

Pain ≥40/100 (VAS);

Expected ≥48h post-op hospitalization;

Able to consent;

Willing to comply to protocol;

Willing to attend f/u visit;

Exclusion:
Allergy/sensitivity to ketorolac, EDTA, ASA, NSAID, opioids.

Active URTI or other resp condition affecting intranasal absorption or assessment of AEs.

Any intranasal products 24h before study; 

Clinically significant lab abnormality; 

GI bleed or perf in last 6mo.

Cocaine use

Hx of GI bleed/PUD

Adv renal impair or risk

Hx of other relevant medical problem;

Other drug study w/in 1mo.

Pregnant/ Breastfeeding
	Screening

2-d treatment + f/u

Immediate post-op: opioid: agent/dose at discretion of individual provider.

Alert enough to perform VAS

If VAS≥40, then given dose intranasal DRUG, q8h thru 40h post-op.

IN DRUG = Ketorolac 10mg, 31.5mg, or placebo.

(31.5mg group originally published as 30mg group.  Error in specific gravity was discovered post-publication, and correction published 3/2009.)

PCA morphine

Initial: 1mg, 6min lockout.  Adjusted by provider PRN

Rescue

Additional morphine PRN.
	Placebo

Ketorolac 
10mg

Ketorolac 31.5mg

N

42

43

42

Age (yr)

56.7

49.7

52.8

Male

18

(43%)

11 

(26%)

13 

(31%)

Caucasian

32

(76%)

31

(72%)

34

(81%)

Ht (cm)

167

167

167

Wt (kg)

79.7

81.4

79.2

Baseline PI (mm)

51.4

52.3

52.0

Duration of operation (min)

95

91.8

95.1

Pre-trial Morphine

45%

61%

67%

TtVAS40

191.8

154.5

169.3

Types of procedures:

  Orthopedic (61%)

     total hip arthroplasty, open fracture
     reduction/fixation, total knee arthroplasty,
     arthrodesis, spinal fusion, osteotomy, bone
     graft, shoulder arthroplasty.

  Abdominal (39%)

     abdominal hysterectomy, oophorectomy,
     uterine myomectomy
	NR = 127

Placebo

Ket 10mg

Ket 31.5 mg

P (Ket 31.5 vs Plcbo)

N=

42

43

42

Early W/d

6

11

11

d/t AE

4

5

3

d/t other

2

6

8

Primary Outcome

MS 0-24h (mg)

56.5

(n=41)

54.3

(n=41)

37.8

(n=41)

0.001

Secondary Outcomes

MS 24-48h (mg)

32.6

(n=39)

28.3

(n=38)

23.11 (n=35)

0.018

MS 0-48h (mg)

87.9

(n=39)

78.7

(n=38)

61.4

(n=35)

0.006

SPID @4h

75.9

89.6

120.1

0.002

SPID @6h

130.6

154.8

195.5

0.002

MSx=Total dose morphine PCA in first 24h, second 24h, and first 48h.


	Most AE were mild to moderate.

See Adverse Events table below.
	· Analgesic efficacy evident by 30% less morphine usage in Ket 31.5mg group vs. Placebo.  

· Significantly greater SPID at 4 and 6 h for 31.5mg group vs. Placebo.

· Adverse events profile of 31.5mg vs. Placebo are similar, with trend of less risk of opioid effects such as pruritis, somnolence, hypotension.

· Nasal irritation occurred more frequently in 31.5mg group

· Higher number of severe ADEs reported with Ket  n=7 10 mg) 4 (31.5 mg) vs. n=1 placebo. Types of severe ADEs was not given.

Critique

· No adjustments made for multiple comparisons

· Larger proportion of Ketorolac pts received perioperative morphine compared to placebo pts.

· Predominately female patient population

· Larger percentage of orthopedic patients than other studies.

· 21% Polynesian patients

· Funded by Roxro Pharma




Abbreviations. DB: Double Blind, PC: Placebo Controlled; RCT: Randomized Controlled Trial; ITT: Intention-To-Treat; VAS: Visual Analog Scale, EDTA: Ethylenediaminetetraacetic acid; ASA: Aspirin; NSAIDS: Non-Steroidal Anti-Inflammatory Drugs; IN: Intranasal; Ket: Ketorolac; MS: Morphine Sulfate; URTI: Upper Respiratory Tract Infection; AE: Adverse Event; GI: Gastro-Intestinal; PUD: Peptic Ulcer Disease; PI: Pain Intensity; Plcbo: placebo; TtVAS40: Time after surgery to reach VAS = 40 (minutes); TDD: Total Daily Dose; PCA: Patient-Controlled Analgesia; SPID: Summed Pain Intensity Differences.
	Adverse Events
	Placebo
	Ket 10mg
	Ket 31.5mg
	Total

	N
	42
	43
	42
	127

	# Pt reporting AE
	41  (98%)
	43  (100%)
	40  (95%)
	124 (98%)

	Severe AE
	1    (2%)
	7    (16%)
	4    (10%)
	12   (9%)

	Pyrexia
	26  (62%)
	24  (56%)
	14  (33%)
	64   (50%)

	Nausea
	20  (48%)
	25  (58%)
	19  (45%)
	64   (50%)

	Anemia
	14  (33%)
	12  (28%)
	11  (26%)
	37   (29%)

	Vomiting
	11  (26%)
	12  (28%)
	12  (29%)
	35   (28%)

	Headache
	9    (21%)
	15  (35%)
	9    (21%)
	33   (26%)

	Tachycardia (mild)
	17  (41%)
	7    (16%)
	8    (19%)
	32   (25%)

	Constipation
	10  (24%)
	8    (19%)
	11  (26%)
	29   (23%)

	Pruritis
	10 (24%)
	8    (19%)
	4    (10%)
	22   (17%)

	Dizziness
	5   (12%)
	7    (16%)
	6    (14%)
	18   (14%)

	Nasal irritation
	5   (12%)
	6    (14%)
	7    (17%)
	18   (14%)

	Somnolence
	5   (12%)
	9    (21%)
	1    (2%)
	15   (12%)

	Hypotension
	6   (14%)
	4    (9%)
	3    (7%)
	13   (10%)
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	Brown, Moodie, Bisley, Bynum

(2009)

Intranasal Ketorolac for Acute Post-operative Pain: A Phase 3 Double-blind Randomized Study

DB, PC, RCT, ITT 

Phase 3

Post-operative pain patients

New Zealand
	Inclusion:
Male or Female ≥18yo;

Wt: 100-300lbs;

Pain ≥40/100 (VAS-PI);

Expected 48h-5 days hospitalization post-major surgery;

Willing to comply to protocol;

Exclusion:
Allergy/sensitivity to ketorolac, ASA, NSAID, opioids.

Active URTI or other respiratory condition affecting intranasal absorption or assessment of Adverse Events.

Any intranasal products 24h before study; 

GI bleed disorders

Pregnant/ Breastfeeding
	Immediate post-op (day 0): 
If VAS-PI≥40, then given dose intranasal DRUG.

IN DRUG = Ketorolac 30mg, or placebo.

Morphine sulfate PCA backup

Day 1

PCA stopped 3h prior to scheduled dose.  VAS-PI monitored for 6h.  If VAS<40 and <5h, continue with scheduled multidose phase.

If VAS-PI≥40, enter single dose phase.

No PCA.

Given 1 dose intranasal Drug, and monitored for 6hr; Rejoin multidose phase when rescue PCA needed or return to baseline pain level.

Multidose Phase

IN DRUG TID up to 5 days with PCA

Termination F/U visit
	Placebo

Ket 30mg

Total

N

101

199

300

Age (yr)

51.0
±1.2

51.7
±0.9

52

Male

37
(37%)

55 
(28%)

92 
(31%)

Caucasian
78

(77%)

147 
(74%)

225
(75%)

Wt (kg)

86.8
±1.8

82.2
±1.3

Baseline Vitals on Day 0

SBP

141 ±3

135 ±1

DBP

81 ±1

76 ±1

Pulse

72 ±1

73 ±1

Respiration
15.9 ±0.1

16.1 ±0.1

Temp (C)
36.6 ±0.04

36.6 ±0.03

VAS-PI (mm)

54.0 ±0.9

53.6 ±1.1

Surgery Type

General Anesthesia used: 232/300 (77%)

Abdominal 156 (52%)

  Total hysterectomy 135 (87%)

  Ovarian cystectomy

  Laminectomy

  Salpingo-oopherectomy

  Breast reduction

  appendectomy

Orthopedic 139 (46%)

  Hip replacement 100 (72%)

  Rotator cuff repair

  Fracture reduction and fixation

  Knee and ankle replacement
	NR = 300

Placebo

Ket 30mg

p-value

N=

101

199

Entered single dose phase

74

115

Completed study

72 (71%)

138 (69%)

Early w/d d/t AE, abnormal lab, illness

14 (14%)

33 
(17%)

Primary Outcome

SPID @ 6h
37.2 ±12.9

83.3 ±10.6

0.007

Secondary Outcomes

      Single Dose Phase

Onset, 

% pt w/ relief 

@1hr

70%

84%

<0.05

Onset, 

% pt w/relief 

@1.5hr

72%

84%

<0.05

Max PID 

19.8 ±2.8

30.9 ±1.9

0.001

Quality of analgesia 

Ket group > placebo and statist. significant for times 0.5-5h; but not @6h
<0.05

Median time to restart PCA

1.3h

3h

<0.04

      Multi Dose Phase

GAPC, % pt w/ Excellent  Pain Relief, Day 3

10%

27%

Mean total MS usage (mg)

    0-24h

48.4 ±2.9

34

±1.6

    24-48h

29.2 ±2.6

18.8 ±1.5

    0-48h

77.4 ±5.3

51.4 ±2.8

Quality of analgesia

Ket > Placebo only at 8 hr
0.011


	Most AE 1150/1437 (80%) characteristic of major surgery were not considered related to study treatment..

Mild AE: 1049/1437 (72.9%)

ADR

Placebo

Ketolorac

p-value

N

101

199

 # Pt w/ AE

99 (98%)

194
(98%)

Severe AE

2

(2%)

5
(3%)

Nausea

61 (60%)

115
(58%)

0.67

Pyrexia

68 (67%)

57 
(29%)

0.0001

Consti-pation

36 (36%)

11
(26%)

0.22

Vomit-ing

29 (29%)

56 
(28%)

0.92

Nasal irrita-tion

2
 (2%)

48
(24%)

<0.0001

Head-ache

19 (19%)

47
(24%)

0.34

Flatu-lence

32   (32%)

46
(23%)

0.11

Anemia

12 (12%)

37 
(19%)

0.14

Tachy-cardia 

20 (20%)

28
(14%)

0.20

Wound secret’n

9 
(9%)

24
(12%)

0.41

Pruritis

19 (19%)

21 
(11%)

0.047

Dizzi-ness

11   (11%)

11  
(6%)

0.09

Severe AE: 

Ketorolac: 2 hemorrhage, 1 wound infection, 1 wound complication, 1 wound secretion. (only wound complication thought to be ketorolac- related)

Placebo: 1 pain, 1 pleuritic pain
	· Significantly higher % of pts w/ meaningful pain relief w/in 1 hr indicates rapid onset

· Duration of analgesia=3 hrs, longer than placebo, but shorter than other studies (6-hrs).

· MS use decreased by 34% in Ket group vs. placebo.

· Well tolerated, with N/V most common AE, likely opioid-related.

· No difference in rates of N/V, but 80% of pts used antiemetics.

· No reports of GI bleed

· Ketorolac had more nasal irritation 24% vs. placebo 2%.

· Ketorolac had less pruritis—less opioid

· Ketorolac had less pyrexia- antipyretic effect.
· Ketorolac-5 severe ADEs vs. 2 placebo

Critique

· Female predominance and majority ob-gyn procedures may affect generalizability
· 21% Polynesian

· Study and editing assistance funded by Roxro Pharma


Abbreviations. DB: Double Blind, PC: Placebo Controlled; RCT: Randomized Controlled Trial; ITT: Intention-To-Treat; VAS-PI: Visual Analog Scale Pain Intensity; ASA: Aspirin; NSAIDS: Non-Steroidal Anti-Inflammatory Drugs; IN: Intranasal; URTI: Upper Respiratory Tract Infection; AE: Adverse Event; GI: Gastro-Intestinal; PUD: Peptic Ulcer Disease; PI: Pain Intensity; PCA: Patient-Controlled Analgesia; GAPC: Global assessment of pain control; MS: Morphine Sulfate; SPIDx: Summed Pain Intensity Difference after x hours.
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	rimary outcome


	SPID @8h
	-1

	5.2

	136.7

	<0.001

	Secondary outcomes


	SPID @ 4h
	-46.7

	90.3

	<0.001

	SPID @ 6h
	-76.7

	120.5

	<0.001

	TOTPAR4

	1.7

	6.7

	<0.001

	TOTPAR6

	2.4

	9.7

	<0.001

	TOTPAR8

	3.1

	12.0

	<0.001


	VAS-Pain Intensity

Pain Relief (0-4)

Global Pain Control Evaluation (0-4)
	Placebo

Ket

Mild HA

5

3

Nausea

3

0

Vomiting

1

0

Dizziness

1

0

Placebo: 8 pt with 10 events.

Ketorolac: 3 pt with 3 events.

All events mild or moderate.

Nausea, Vomiting, Dizziness in placebo group likely due to untreated pain.
	· Single dose intranasal ketorolac provided rapid and effective pain relief.

· IN ketorolac, compared to placebo, had statistically and clinically significantly better SPID8 scores; improved more patients’ pain intensity and pain relief scores after 20 and 40 minutes.

· Well tolerated-- similar to placebo

Critique

· Placebo patients were on average 1 year younger and 14 lbs heavier.

· Single site 

· Patients mean age 24years, much younger than VA population
· Study and editing assistance funded by Roxro Pharma


Abbreviations. DB: Double Blind, PC: Placebo Controlled; RCT: Randomized Controlled Trial; VAS: Visual Analog Scale, NSAIDS: Non-Steroidal Anti-Inflammatory Drugs; IN: Intranasal; URTI: Upper Respiratory Tract Infection; AE: Adverse Event; GI: Gastro-Intestinal; PUD: Peptic Ulcer Disease; PI: Pain Intensity; SPID: Summed Pain Intensity Differences; TOTPARx: Total Pain Relief Score at x hours; HA: Headache
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	Singla, Singla, Minkowitz, Moodie, Brown

(2010)

Intranasal Ketorolac for Acute Post-operative Pain

DB, PC, MC RCT, ITT 

Phase 3

Inpatient surgery

US and New Zealand
	Inclusion:
Male & Female 18-64 years;

Undergoing major open abdominal surgery under general anesthesia at 6 sites in US and NZ;

Expected post-op hospitalization 48hrs-5days.

12/2005-2/2007

Able to consent;

Willing to comply to protocol;

Willing to attend f/u visit;

Exclusion:
Allergy/sensitivity to study drugs.

Active URTI affecting intranasal absorption or assessment of AEs.

Active or recent significant GI bleed or PUD.

Use of non-study neuraxial opioids or NSAIDS.

Any intranasal products 24h before study.

Pregnant/ Breastfeeding.
	Immediate post-op: IV opioid: agent/dose at discretion of individual provider.

Alert enough to perform VAS

If VAS≥40, then given dose intranasal DRUG q6h for 48hr, then up to QID PRN up to 5 days.

IN DRUG = Ketorolac, 31.5mg, or placebo.

PCA IV Morphine for up to 48hr

Started also when VAS≥40
After when PCA not needed or after 48 hrs, switched to oral opioid (eg HC/APAP) PRN dosing
	Placebo

Ket 31.5mg

N

107

214

Age (yr)

46±1 
(28-70)

46 ±1
(22-64)

Male

4

(4%)

8

(4%)

Caucasian

76

(71%)

154

(72%)

Wt (kg)

80 ±1.7

77 ±1.3

Baseline PI (mm)

60.8 ±1.1

62.5 ±1.6

Baseline Vitals

SBP

126.6 ±1.7

126.1 ±1.3

DBP

72.4 ±1.3

73.1±0.8

Pulse

75.2 ±1.1

78.3±0.9

Respiration (breaths/
min)
36.6 ±0.04

36.7 ±0.03

Temp (oC)

16.7 ±0.2

17.1 ±0.2

Median doses of study med: 8 (range 1-18)

   60% 6-10 doses

   19% 11-15 doses

Of the 321 Operations:

  Hysterectomies±oopherectomy:223 (60%)

  Oophrectomy: 26 (8.7%)

  Myomectomy: 32 (9.7%)

  Bowel resection, ileostomy, colectomy, 

    colostomy: 18 (5.6%)

  Cystectomy, hernia repair,omentectomy 
     14 (4.9%)

  Prostatectomy 6 (1.9%)

  Cesarean section 2 (0.6%)

Anesthesia Type during procedure

  General 317 (99%)

  Epidural 3 (1%)

  Spinal 1 (<1%)
	NR = 321

Placebo

Ket 31.5 mg

P-value
N=

107

214

Completed 48h pain assess

81 (76%)
149 (70%)
Completed 5days dosing

16 (15%)
34
(16%)
Early W/d

91 (85%)
180 (84%)
d/t decreased Analgesic Need
66 (73%)
125 (84%)
d/t AE
13 (14%)
43
(24%)
d/t other
12, (13%)
12, 
(7%)
Completed 2wk f/u

98 (92%)
203 (95%)
Primary Outcome
SPID @ 6h
89.9

117.4

0.032

Secondary Outcomes
SPID @ 4h
47.2

66.1

0.021

MS 0-72h (mg)

121

82

NS

Max PID

30.0

32.7

NS

GAPC@1d

2.4±
0.09

2.6±
0.06

0.009

QPR@20m

0.9

1.2

0.009

QPR@1h

2.5

2.3

0.04

  Mean total MS usage (mg)
    0-24hr 

54
42
0.003

    24-48hr
31
23
0.041


	Most AE were mild to moderate.

Placebo

Ket.

31.5mg

N

107

214

# Pt w/ AE

103 (96%)

198 (93%)

Mild AE

85 (79%)

180   (84%)

Nausea

66 (62%)

122 (57%)

Consti-pation

35 (33%)

59 

(28%)

Vomiting

24 (22%)

51 

(24%)

Headache

25 (23%)

47 

(22%)

Flatulence

23 (22%)

39
 (18%)

Rhinalgia

0

43 (20%)

Pyrexia

36 (34%)

34 

(16%)

Pruritis

19 (18%)

31

 (15%)

Anemia

11 (10%)

33

(15%)

Insomnia

16 (15%)

30

 (14%)

Nasal irritation

3
(3%)

24

 (11%)

Hypo-tension

6
(6%)

22

 (10%)

Tachycar-dia (mild)

15 (14%)

20
 (9%)


	· IN ketorolac q6h for 48h statistically and clinically beneficial over placebo for major abdomen surgery pts

· Dosing mirrors max dosing of IM ketorolac.

· Compared to placebo, decreased opioid use 21% and 26% over 24h and 48h, respectively.

· Rapid onset analgesia: differences in pain intensity and quality of analgesia arise after 20 min.

· Reduced opioid-related AE

· AE profile similar to placebo

· No GI bleeding or renal insufficiency

· Anemia 15% vs 10% in placebo, did not persist  at 2-wk f/u

· Ketorolac increased nasal sx, not different from other intranasal drugs.

· IN ketorolac in combo reduces opioid use, and achieves better pain relief over opioids alone. 
· Critique

· Predominately female pts with large percentage ob-gyn procedures.
· Ket higher AE withdrawal rate

· Study and editing assistance funded by Roxro Pharma.


Abbreviations. DB: Double Blind, PC: Placebo Controlled; MS:Multisite, RCT: Randomized Controlled Trial; ITT: Intention-To-Treat; VAS: Visual Analog Scale, NSAIDS: Non-Steroidal Anti-Inflammatory Drugs; IN: Intranasal; URTI: Upper Respiratory Tract Infection; AE: Adverse Event; GI: Gastro-Intestinal; PUD: Peptic Ulcer Disease; HC/APAP: hydrocodone/acetaminophen; W/d: withdrawal; d/t: due to; f/u: follow up; SPID: Summed Pain Intensity Difference; Max PID: Maximum Pain Intensity Difference; PCA: Patient-Controlled Analgesia; MS 0-72:total dose Morphine Sulfate PCA from 0-72 hours, QPR: Quality of Pain Relief (0-4). GAPC: Global Assessment of Pain Control (0-4), 
	May 2011
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