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Executive Summary
· Indication(s):  Clevidipine butyrate (clevidipine) injectable emulsion for intravenous (IV) use is approved by the FDA for reduction of blood pressure when oral therapy is not feasible or not desirable.  This may include controlling blood pressure perioperatively, as well as the treatment of acute, severe hypertension.

· Efficacy: Clevidipine has been shown to be effective in perioperative control of blood pressure, as well as treatment of acute, severe hypertension.  Clevidipine was more effective than placebo in achieving preoperative target systolic blood pressure and in reducing postoperative hypertension after cardiac surgery, and was effective in reducing severe hypertension in an open-label uncontrolled trial.  Clinical studies have yielded different results between clevidipine and other treatment options, but clevidipine has consistently been shown to be at least as effective as its comparators.
· Safety: Clevidipine has been shown to be a safe treatment option for perioperative blood pressure control or treatment of acute, severe hypertension. The most commonly reported adverse effects with clevidipine are headache, nausea, vomiting, and atrial fibrillation.  In comparison trials, the rate of discontinuation due to adverse events was 5.9% with clevidipine vs. 3.2% in patients receiving the alternate treatment.  Clevidipine was found to be as safe as nitroglycerin, sodium nitroprusside (SNP), and nicardipine for the treatment of perioperative hypertension.  There was no difference in the incidence of death, stroke, myocardial infarction (MI), or renal dysfunction with clevidipine compared to pooled treatment of nitroglycerin, SNP, or nicardipine.  Treatment with clevidipine was associated with a decreased rate of 30-day mortality compared to SNP; although the mortality difference was no longer statistically significant after adjusting for baseline risk.   

· Dose: Clevidipine should be initiated at 1-2 mg/hr continuous IV infusion.  Initially, the dose may be doubled at 90 second intervals.  As the blood pressure approaches goal, increases in dose should be reduced to less than two times and the time between adjustments should be increased to 5-10 minutes.  The maximum dose for adults and elderly patients is 32 mg/hr.  Because of the drug’s oil-in-water emulsion formulation, no more than 1000 ml (average of 21 mg/hr) should be infused per 24 hours due to lipid load restrictions.  For more details on dosing, see the “Dosage and Administration” section in the body below. 
· Conclusions:  Clinical studies show that clevidipine is a safe and efficacious option for perioperative blood pressure control and in the treatment of acute severe hypertension.  The VA National Formulary has multiple agents available for the treatment of hypertension, including IV push, IV infusion, and oral therapy options. Additional controlled clinical trials are warranted to determine whether clevidipine has a proven advantage over other available therapies.
INTRODUCTION  
The purpose of this monograph is to evaluate available data and information to consider clevidipine butyrate (clevidipine) for addition to the VA National Formulary (VANF).  Clevidipine is an injectable dihydropyridine (DHP) calcium channel blocker (CCB) approved for the reduction of blood pressure when oral therapy is not feasible or not desirable.1 Clevidipine has been studied in both patients with severe hypertension (HTN) as well as in patients with perioperative HTN.  According to JNC 7, hypertensive emergencies are characterized by severe elevations in blood pressure (>180/120 mmHg) complicated by impending or progressive target organ damage. They require immediate BP reduction to prevent or limit target organ damage.  Patients with a hypertensive emergency should be admitted to an Intensive Care Unit for continuous blood pressure monitoring and administration of appropriate parenteral antihypertensive agent.  The initial goal is to reduce mean arterial BP by no more than 25% within minutes to one hour.  Excessive falls in pressure may precipitate renal, cerebral, or coronary ischemia and therefore should be avoided. For this reason, short-acting nifedipine is no longer considered acceptable in the initial treatment of hypertensive emergencies.2
PHARMACOLOGY AND PHARMACOKINETICS  
Mechanism of action:  Clevidipine butyrate is an injectable short-acting, dihydropyridine L-type calcium channel blocker.  L-type calcium channels mediate calcium influx during depolarization in arterial smooth muscle cells.  This arterial selectivity allows clevidipine to reduce systemic vascular resistance (SVR), and thus blood pressure, without reducing cardiac-filling pressure (pre-load) or cardiac output, both related to venous pressure.1,3,4
Kinetics:  A direct linear relationship between clevidipine dose rate (nmol/kg/min) and steady-state plasma concentration (nmol/L) exists and is maintained at a wide range of doses (2-32 mg/hr) beyond the normal therapeutic range.1,4
Half-Life:  Upon intravenous (IV) administration, clevidipine is rapidly distributed and metabolized, giving it a very short half-life.  It is eliminated in a multi-phasic pattern, with the initial phase half-life being about 1 minute and accounting for 85-90% of the total elimination.  The terminal phase half-life is 15 minutes.1,3  Due to the short half-life, steady-state concentrations are reached rapidly and onset of effects can be seen in 2-4 minutes.3  
Metabolism:  Clevidipine is metabolized primarily via esterases in blood, vascular endothelium, and extravascular tissues to an inactive carboxylic acid metabolite.3  Since clevidipine is not eliminated via hepatic or renal pathways and its major metabolite is pharmacologically inactive, no dosage adjustments are recommended for patients with hepatic or renal dysfunction.1,3  Also, at therapeutic concentrations used in clinical practice, neither clevidipine nor its major metabolite were shown to induce or inhibit cytochrome P450 enzymes.  Therefore, the potential for clevidipine to interact with other drugs is low.1,3
Onset of action/offset of effect:  In perioperative patients, onset of effect is seen within 2-4 minutes after starting a 1-2 mg/hr infusion, resulting in 3-5% reduction in systolic blood pressure (SBP).3,5  The median time to achieve target blood pressure (reduction of 15% in SBP) is 6.0 minutes.  For patients with severe hypertension, SBP decreases by an average of 5.9% within 3 minutes and takes 10.9 minutes to reach target.6  The effects of clevidipine plateau at 25% baseline SBP.3  No tolerance has been seen in patients receiving clevidipine infusion up to 72 continuous hours, but some rebound hypertension did occur in some of these patients if they were not transitioned to an oral antihypertensive medication after 72 hours.3  Upon discontinuation of clevidipine infusion, mean arterial pressure (MAP) and heart rate both return to baseline within 10 minutes.4  Also, full recovery of blood pressure back to baseline occurs within 5-15 minutes after infusion termination.3,4
FDA APPROVED INDICATION(S) AND OFF-LABEL USES
Clevidipine was approved August 5, 2008 by the FDA for reduction of blood pressure when oral therapy is not feasible or not desirable.1  
CURRENT VA NATIONAL FORMULARY ALTERNATIVES
Other non-oral options for lowering blood pressure that have been used in comparison trials with clevidipine include nitroglycerin and sodium nitroprusside, which are listed on the VA National Formulary (VANF).  Clevidipine was also compared to nicardipine injection, another DHP CCB, which is available non-formulary. Injectable labetalol, fenoldopam, esmolol, enalaprilat, and hydralazine are also listed on the VANF.  
DOSAGE AND ADMINISTRATION 
Administration:  Clevidipine is an injectable emulsion administered by continuous IV infusion only.  It is a sterile, milky-white oil-in-water emulsion.1,3  It is supplied in single-use, pre-mixed 50 or 100 ml vials, at a concentration of 0.5 mg/ml, that are ready to use and should not be further diluted.   Clevidipine is compatible with sterile water for injection, 0.9% NaCl (NS), D5W, D5NS, lactated ringers, 5% dextrose in lactated ringers, and 10% amino acid.  However, clevidipine should not be administered in the same line as any other medications.  It should be administered IV via a central or peripheral line using an infusion device that allows calibrated infusion rates.  
Preparation:  Prior to administration, the vial of clevidipine should be inverted several times to ensure the contents of the emulsion are consistent throughout.  Aseptic technique must be maintained while handling vials of clevidipine because they contain phospholipids and can support microbial growth.  Any unused portion, including what is being infused, must be discarded 4 hours after the stopper has been punctured.1  

Storage:  Clevidipine vials should be refrigerated at 2-8 degrees C and not frozen.  They can be stored at room temperature for a period not to exceed 2 months, but should not be returned to the refrigerator.  Clevidipine is photosensitive and the vials should be stored in the cartons until used; however, protection from light during administration is not necessary.1
Dose and Titration:  The dose should be initiated at 1-2 mg/hr continuous IV infusion.1  Initially, the dose may be doubled at 90 second intervals.  As the blood pressure approaches goal, the dose increases should be reduced to less than two times and the time between adjustments should be increased to 5-10 minutes.  Typically, a 1-2 mg/hr dose increase will achieve an additional reduction in SBP of 2-4 mm Hg.  The maximum dose for adults and elderly patients is 32 mg/hr.  Due to lipid load restrictions, no more than 1000 ml (average of 21 mg/hr) should be infused per 24 hours.  Rapid upward titration may result in hypotension and/or reflex tachycardia.  Dosing in children and adolescents has not been studied.1,3  When the patient is being transitioned from IV clevidipine to oral antihypertensive therapy, the onset of the oral agent needs to be considered.  Patients who are not transitioned to another antihypertensive agent before discontinuation of clevidipine should be monitored for rebound hypertension for at least 8 hours after stopping the infusion.1,3
EFFICACY

A literature search was performed on PubMed/Medline using the search terms “clevidipine” and “cleviprex.” The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

Clinical Trial Data  
ESCAPE-15 

(Efficacy Study of Clevidipine Assessing its Preoperative antihypertensive Effect in cardiac surgery):  Phase III, double-blind, randomized, placebo-controlled study which evaluated efficacy and tolerability of clevidipine in treating preoperative hypertension. Exclusion criteria were women of child-bearing potential with a positive pregnancy test, patients who experienced a stroke within the past 3 months, left bundle branch block or permanent ventricular pacing, prior inability to tolerate a CCB, allergy to soybean oil or egg lecithin (or any other component of the vehicle), a disease or condition that may place the patient at risk, or enrolled in another trial within the past 30 days.  One-hundred-fifty-two hypertensive patients scheduled for cardiac surgery with hypertension in the previous 6 months requiring antihypertensive treatment, or who were hypertensive upon admission were randomized to receive either clevidipine or placebo preoperatively.  Of these 152 patients, 105 met the post randomization entrance criteria of SBP>160 mm Hg and clinically assessed as needing a SBP reduction of at least 15% from baseline.  Of the 105 patients who met post randomization criteria, 53 were in the clevidipine group and 52 were in the placebo group (1 patient didn’t receive treatment because the medication was frozen, thus the placebo group consisted of 51 patients).  These patients randomly received either clevidipine 0.5 mg/mL in 20% lipid or 20% lipid emulsion (placebo) by infusion over a minimum 30 minutes immediately before anesthesia induction for cardiac surgery.  Patients who received clevidipine were started at 0.4mcg/kg/min (approximately 2 mg/hr) and titrated to effect by doubling the dose every 90 seconds up to 3.2 mcg/kg/min, as tolerated by the patient. Additional titration by 1.5 mcg/kg/min was allowed up to 8.0 mcg/kg/min as tolerated. Prior to randomization, all patients were assessed for baseline blood pressure and other vital signs.  
Efficacy was evaluated by comparing the incidence of treatment failure between the two groups over the 30-minute infusion period.  Treatment failure was defined as “premature and permanent discontinuation of study drug infusion for any reason, or failure to decrease SBP by >15% from baseline at any time within the 30-minute period from study drug initiation.”  The event causing any treatment failure was then assessed and placed into one of three predefined categories:
1. lack of efficacy (no change or an increase in SBP, or failure to achieve a nominal decrease in SBP by an acceptable time)

2. insufficient efficacy (inability to achieve at least 15% reduction in SBP before the end of the 30 minute treatment period)

3. safety reason

The study also evaluated time to target blood pressure, change in mean arterial blood pressure (MAP) from baseline, change in heart rate, and incidence of adverse events occurring from drug initiation until hospital discharge or 7 days, whichever came first.

Results:  Clevidipine was found to be effective in reducing increased arterial blood pressure to target levels at a 92.5% overall success rate (49 of 53 patients), and a significantly lower rate of failure (primary endpoint) than placebo (7.5% vs. 82.7%, P<0.0001).  Of the 4 patients receiving clevidipine who failed treatment, all were classified as insufficient efficacy.  Only 9 of the 52 patients treated with placebo were considered a success.  Of the 43 who failed, 18 were considered lack of efficacy and 25 were considered insufficient efficacy.  

Patients treated with clevidipine reached their target blood pressure in a median time of 6 minutes (95% CI 6-8 min).  Clevidipine also showed a greater decrease in MAP than placebo that was statistically significant at the 5-minute time point and every 5 minutes thereafter. 

The average infusion rates needed to achieve target SBP of >15% reduction from baseline are displayed in the chart below, adapted from Levy JH, Mancao MY, Gitter R, et al., ESCAPE-1, Table 5.5
	Study drug titrated up to doses (microgram kg-1 min-1)
	Clevidipine (N=61)

n (%)
	Placebo (N=49)

n (%)

	>0-0.4
	8 (15.1)
	3 (5.9)

	>0.4-0.8
	5 (9.4)
	1 (2.0)

	>0.8-1.6
	8 (15.1)
	2 (3.9)

	>1.6-3.2
	11 (20.8)
	1 (2.0)

	>3.2-4.7
	9 (17.0)
	2 (3.9)

	>4.7-6.2
	5 (9.4)
	0 (0.0)

	>6.2-7.7
	1 (1.9)
	1 (2.0)

	Up to 8.0
	3 (5.7)
	0 (0.0)


Safety:  An increase in heart rate versus placebo was observed in the clevidipine group.  The median heart rate for patients receiving clevidipine increased from 71 beats per minute (bpm) baseline to 84 bpm during the 30 minute treatment, compared to an increase from 76 bpm to 84 bpm with placebo.  Other adverse events were reported and rates are compared in the table below, but none were found to be statistically significant.

	
	Clevidipine
	Placebo

	Pyrexia (fever)
	18.9% (10 of 53)
	13.7% (7 of 51)

	Atrial fibrillation
	13.2% (7 of 53)
	11.8% (6 of 51)

	Acute renal insufficiency/failure
	9.4% (5 of 53)
	2.0% (1 of 51)

	Nausea
	5.7% (3 of 53)
	9.8% (5 of 51)


There were no treatment failures for safety reasons in either group.  Two patients were withdrawn from the study due to an adverse event, one from each group; both were determined to be unrelated to the study drug.  One patient in the clevidipine group died postoperative day 1 from a mediastinal hemorrhage which was not considered to be related to the drug.  

Conclusion:  Clevidipine was shown to be statistically superior to placebo in reducing preoperative hypertension, with an overall success rate of 92.5% in decreasing SBP by >15% from baseline.  It was also shown to be well-tolerated with similar rates of adverse events as compared to placebo.

Limitations:  Due to ethical reasons (not treating hypertension during surgery), the study could not be designed to evaluate clevidipine use during surgery.  Another potential limitation could be the influence of other antihypertensive premedications and sedatives on blood pressure, although use between the two groups was similar.  

ESCAPE-27
(Efficacy Study of Clevidipine Assessing its Postoperative antihypertensive Effect in cardiac surgery):  Phase III, double-blind, randomized, placebo-controlled, multi-center study which evaluated efficacy and tolerability of clevidipine in treating postoperative hypertension after cardiac surgery.  Exclusion criteria were similar to ESCAPE-1. Two-hundred-six patients scheduled for cardiac surgery were randomized to receive either clevidipine or placebo.  One-hundred-ten patients met the post randomization inclusion criteria of SBP>140 mm Hg within 4 hours of admission to a postoperative setting, and clinically assessed as needing a SBP reduction of at least 15% from baseline.  Of the 110 patients, 61 were in the clevidipine group and 49 were in the placebo group.  These patients received either clevidipine 0.5 mg/mL in 20% lipid or 20% lipid emulsion (placebo) infused over a minimum of 30 minutes to a maximum of 1 hour, unless treatment failure occurred sooner.  Patients who received clevidipine were started at approximately 2 mg/hr and titrated to effect, as tolerated by the patient.

Efficacy was evaluated by comparing the incidence of treatment failure between the two groups over the 30-minute infusion period.  Treatment failure was defined as “the inability to decrease SBP by >15% from baseline, or the discontinuation of study treatment for any reason within the 30-minute period after study drug initiation.”  The event causing any treatment failure was then assessed and placed into one of three predefined categories:  

1. lack of efficacy (no change or an increase in SBP, or failure to achieve a nominal decrease in SBP by an acceptable time)

2. insufficient efficacy (inability to achieve at least 15% reduction in SBP before the end of the 30 minute treatment period)

3. safety reason

The study also evaluated time to target blood pressure, change in MAP from baseline, change in heart rate, and incidence of adverse events occurring from drug initiation until hospital discharge or 7 days, whichever came first.

Systolic BP and heart rate were monitored upon the patient arriving in the postoperative setting and then every minute during the treatment period and for at least 30 minutes after the study drug had been discontinued.

Results:  Clevidipine was found to be effective in reducing increased arterial blood pressure to target levels at a 91.8% overall success rate, compared to 20.4% with placebo, with a significantly lower rate of failure (primary endpoint) than placebo (8.2% vs. 79.6%, P<0.0001).  
Baseline postoperative SBP was similar for both groups, with a mean of 147.4 mm Hg in the clevidipine group and 150.5 mm Hg in the placebo group. After 2 minutes of treatment, the clevidipine group showed a significantly larger reduction in MAP than the placebo group (-5.7mm Hg vs. -0.1mm Hg), and the significant difference was maintained at 5, 10, and 15 minutes.  

Of the 61 total patients receiving clevidipine, five (8.2%) failed treatment; three (4.9%) for safety reasons and two (3.3%) for not achieving the goal >15% reduction in SBP from baseline. Of these five failed treatments, three required alternative IV therapy; two nitroglycerin and one sodium nitroprusside.  
Of the 49 total patients receiving placebo, 39 (79.6%) failed treatment, with 37 (75.5%) requiring alternative IV therapy (19 nitroglycerin, 15 sodium nitroprusside, 1 fentanyl, 1 metoprolol, and 1 esmolol).  Of the 39 failures, 37 were considered lack of efficacy and 2 were considered insufficient efficacy.
Patients treated with clevidipine reached their target blood pressure in a median time of 5.3 minutes (95% CI of 4-7 min).  The average infusion rates needed to achieve target SBP of >15% reduction from baseline are displayed in the chart below, adapted from Singla N, Warltier DC, Gandhi SD, et al., ESCAPE-2, Table 5.7
	Study drug titrated up to doses (microgram kg-1 min-1)
	Clevidipine (N=61)

n (%)
	Placebo (N=49)

n (%)

	>0-0.4
	16 (26.2)
	2 (4.1)

	>0.4-0.8
	21 (34.4)
	2 (4.1)

	>0.8-1.6
	9 (14.8)
	4 (8.2)

	>1.6-3.2
	8 (13.1)
	0 (0.0)

	>3.2-4.7
	3 (4.9)
	3 (6.1)

	>4.7-6.2
	0 (0.0)
	1 (2.0)

	>6.2-7.7
	0 (0.0)
	1 (2.0)

	Up to 8.0
	0 (0.0)
	0 (0.0)


Safety: A total of 63.9% of patients receiving clevidipine and 57.1% of patients receiving placebo reported at least one adverse event after receiving the study drug.  Of these, nausea and atrial fibrillation, both occurring at a rate of 21.3% (13 patients) in the clevidipine group vs. 12.2% (6 patients) on placebo, were the most significant.  Of the 3 withdrawals in the clevidipine group, one patient was discontinued because of atrial fibrillation, which resolved without sequelae on the same day.  The other two discontinuations were due to excessive drops in systolic blood pressure; one from 140 to 100 mm Hg in 3 minutes and one from 140 to 108 mm Hg in 5 minutes.
Conclusion:  Clevidipine was shown to be statistically superior to placebo in reducing postoperative hypertension, with an overall success rate of 91.8% in decreasing SBP by >15% from baseline within a 30-minute treatment period.  The rates of adverse events were similar with clevidipine compared to placebo; although 3 patients in the clevidipine group discontinued therapy due to adverse events and a higher number of patients developed atrial fibrillation.
Limitations: Due to ethical reasons (not treating hypertension during surgery), the study could not be designed to evaluate clevidipine use during surgery.  Another potential limitation could be the influence of other antihypertensive premedications and sedatives on blood pressure, although use between the two groups was similar.  

ECLIPSE6 

(Evaluation of CLevidipine In the Perioperative treatment of hypertension assessing Safety Events): compilation of three open-label Phase III safety studies in which 1506 patients randomly received clevidipine, nitroglycerin, sodium nitroprusside (SNP), or nicardipine for the treatment of hypertension in cardiac surgery.  Two studies treated patients with clevidipine or either nitroglycerin or sodium nitroprusside perioperatively (268 clevidipine patients and 278 nitroglycerin patients in one study, 296 clevidipine patients and 283 SNP patients in the other).  The third study compared clevidipine to nicardipine postoperatively only (188 clevidipine patients, 193 nicardipine patients).  Results of the studies compared individual treatment groups, as well as pooled groups of clevidipine and comparators (nitroglycerin, SNP, and nicardipine).


The primary objective was to assess the safety of the four groups by comparing incidences of death, stroke, myocardial infarction (MI), and renal dysfunction for each group through 30 days post-operation.  Adequacy and precision of blood pressure control was measured as a secondary outcome.  This was assessed using area under the curve analysis of systolic blood pressures falling out of the predetermined limits (75-145 mm Hg pre- and postoperatively and 65-135 mm Hg intraoperatively).  The safety analysis population consisted of all randomized patients who received study drug, while efficacy analysis used a modified intent-to-treat population of all patients who met post-randomization criteria for perioperative hypertension.


Results (Safety):  There was no statistically significant difference between the pooled clevidipine group and the pooled comparator group in any of the 30 day safety outcome measures.  Within treatment groups, there was no difference in the 30 day safety outcome measures between the clevidipine groups and the nitroglycerin and nicardipine groups.  While results between clevidipine and sodium nitroprusside were similar, SNP had a significantly higher rate of 30-day mortality (4.7% vs. 1.7%, P=0.0445).  However, the study further analyzed treatment effect (with either clevidipine or sodium nitroprusside) as an independent variable for mortality, while considering other risks such as surgery duration, age, and medical history.  This showed no significant association between SNP use and 30-day mortality (OR 1.968, 95% CI 0.619-6.257, P=0.25).  
A summary of the primary safety endpoints between clevidipine and the individual comparator groups, as well as all clevidipine patients and all comparators, is shown in the table below, adapted from Aronson S, Dyke CM, Stierer KA, et al.  The ECLIPSE trials, Table 5.6
	EVENT
	CLV (N=268) n/N (%)
	NTG (N=278) n/N (%)
	P

	Death
	7/252 (2.8)
	9/266 (3.4)
	0.69

	Myocardial infarction
	8/246 (3.3)
	9/260 (3.5)
	0.90

	Stroke
	4/245 (1.6)
	6/260 (2.3)
	0.59

	Renal dysfunction
	17/248 (6.9)
	21/260 (8.1)
	0.60

	
	CLV (N=296) n/N (%)
	SNP (N=283) n/N (%)
	

	Death
	5/286 (1.7)
	13/274 (4.7)
	0.04

	Myocardial infarction
	4/281 (1.4)
	6/264 (2.3)
	0.46

	Stroke
	3/282 (1.1)
	4/262 (1.5)
	0.63

	Renal dysfunction
	24/284 (8.5)
	24/265 (9.1)
	0.80

	
	CLV (N=188) n/N (%)
	NIC (N=193) n/N (%)
	

	Death
	8/181 (4.4)
	6/189 (3.2)
	0.53

	Myocardial infarction
	4/173 (2.3)
	2/183 (1.1)
	0.37

	Stroke
	1/173 (0.6)
	2/183 (1.1)
	0.60

	Renal dysfunction
	15/180 (8.3)
	11/185 (5.9)
	0.38

	
	All CLV (N=752) n/N (%)
	All Comparators (N=754) n/N (%)
	

	Death
	20/719 (2.8)
	28/729 (3.8)
	0.26

	Myocardial infarction
	16/700 (2.3)
	17/707 (2.4)
	0.88

	Stroke
	8/700 (1.1)
	12/705 (1.7)
	0.38

	Renal dysfunction
	56/712 (7.9)
	56/710 (7.9)
	0.99



The most common adverse event reported, atrial fibrillation (2.4%), was similar for clevidipine and the comparator groups, with a nonsignificant P value for all three comparators.  In all, 17.7% of clevidipine patients experienced at least one serious adverse event, compared to 20.0% of patients in the other treatment groups.

Since clevidipine is administered in a lipid emulsion, changes in clinical laboratory data, including triglycerides, were evaluated in the various treatment groups.  Clevidipine was not found to cause an increase in triglycerides vs. the comparison treatments.

Results (Efficacy):  As discussed above, efficacy was assessed using area under the curve analysis of systolic blood pressures falling out of the predetermined limits (75-145 mm Hg pre- and postoperatively and 65-135 mm Hg intraoperatively).  Clevidipine was compared to the pooled data of the entire comparator group and found to be significantly more effective at keeping blood pressure within the prespecified range.  Clevidipine was also compared with the individual treatment groups and found to be significantly more effective at keeping blood pressure within the prespecified range compared with nitroglycerin or SNP.  When compared with nitroglycerin and SNP individually, clevidipine had a lower total AUC (representing SBP-time outside the prespecified ranges) and met the target blood pressure range more often.  However, there was no difference in the AUCs of patients treated postoperatively with clevidipine compared to nicardipine.  A summary of the secondary efficacy endpoints between clevidipine and the individual comparator groups, as well as all clevidipine patients and all comparators, is shown in the table below, adapted from Aronson S, Dyke CM, Stierer KA, et al.  The ECLIPSE trials, Table 6.6 (The P values presented reflect a comparison of the median difference in AUCs between the two groups; a P value was not provided for the comparison between clevidipine and nicardipine since no statistically significant difference was found.)
	AUCSBP-D, mm Hg x min/h
	CLV (N=269)
	NTG (N=278)
	P

	Mean +/- SD
	16.3 +/- 39.02
	44.48 +/- 109.23
	

	Median
	4.14
	8.87
	0.0006

	
	CLV (N=295)
	SNP (N=284)
	

	Mean +/- SD
	24.33 +/- 62.01
	39.51 +/- 88.25
	

	Median
	4.37
	10.5
	0.0027

	
	CLV (N=187)
	NIC (N=194)
	

	Mean +/- SD
	28.02 +/- 68.45
	35.84 +/- 105.28
	

	Median
	1.76
	1.69
	---

	
	All CLV (N=751)
	All comparators (N=756)
	

	Mean +/- SD
	22.37 +/- 56.89
	40.4  +/- 100.71
	

	Median
	3.79
	7.79
	0.0004



Conclusion:  Clevidipine was found to be as safe as nitroglycerin, SNP, and nicardipine for the treatment of perioperative hypertension.  There was no difference in the incidence of death, stroke, MI, or renal dysfunction with clevidipine compared to pooled treatment of nitroglycerin, SNP, or nicardipine.  Treatment with clevidipine was associated with a decreased rate of 30-day mortality compared to SNP; although the difference was no longer statistically significant after adjustments for risk for mortality.   For the secondary endpoint, clevidipine was shown to be more effective than the comparators at maintaining blood pressure within the studies’ prespecified ranges.

Limitations:  One major limitation was the open-label design.  However, an independent Clinical Events Committee set the end-points of the study to minimize any potential bias.  Another potential limitation could be the influence of other antihypertensive medications and sedatives on blood pressure, although use between the two groups was similar.  Clevidipine was dosed the same at all study sites, whereas the comparator drugs were dosed according to that institution’s practice.  This allowed the analysis to be more applicable to actual clinical use.  
Comparison of clevidipine with sodium nitroprusside in the control of blood pressure after coronary artery surgery8:  The study by Powroznyk et al. randomized thirty patients with MAP > 90 mmHg for at least 10 minutes to clevidipine or sodium nitroprusside infusions to evaluate the control of blood pressure (target MAP 70 to 80 mmHg during the following 3 hours) and hemodynamic changes in hypertensive patients following coronary bypass grafting.  

Results:  No statistically significant difference was found between the efficacy (AUCMAP mm Hg min h-1) of clevidipine and sodium nitroprusside in controlling blood pressure (106+25 mm Hg min h-1 vs. 101+28 mm Hg min h-1, respectively) or in the total number of dose adjustments required to maintain MAP within the target range.  Patients receiving clevidipine had less increase in heart rate than patients receiving SNP.  Two patients withdrew from therapy: one in the clevidipine group inadequate BP control; one in the SNP group for hypotension.  It was reported that treatment with SNP significantly reduced stroke volume, central venous pressure, and pulmonary artery pressure which was not seen with clevidipine.

Conclusion:  Treatment with clevidipine was similar to SNP in controlling MAP in patients following coronary bypass surgery.
Clevidipine, an Intravenous Dihydropyridine Calcium Channel Blocker, is Safe and Effective for the Treatment of Patients with Acute Severe Hypertension (VELOCITY)4,9:  The prospective, open-label, single-arm study by Pollack et. al assessed the safety and efficacy of IV clevidipine in the treatment of acute, severe hypertension.  The study group consisted of 131 (modified intent-to-treat; N=117) patients >18 years old presenting to the ER or ICU with SBP>180 and/or DBP>115 mm Hg.  Exclusion criteria were a positive pregnancy test, aortic dissection, unable to tolerate IV antihypertensive treatment for at least 18 hours, receipt of an antihypertensive agent within the past 2 hours, inability to tolerate a CCB, allergy to soybean oil or egg lecithin, hepatic failure or cirrhosis, severe hypertension due to use of or withdrawal from alcohol, illicit drugs, or intentional overdose, or enrollment in another clinical trial within 30 days.  The initial dose of clevidipine was 2 mg/hr for 3 minutes and if the patient-specific target SBP was not achieved, the dose was doubled every 3 minutes as needed to a maximum dose of 32 mg/hr, which was then continued for 18-96 hours.  The primary endpoint of the study was the achievement of a patient-specific systolic blood pressure range (e.g., determined by the investigator with a range of 20 to 40 mm Hg from the upper to the lower limit for the first 30 minutes of infusion; after this point, the target could be changed at the discretion of the investigator). 
Results: 88.9% of patients (104/117) receiving clevidipine achieved their target SBP range within 30 minutes of treatment initiation, with a median time-to-target of 10.9 minutes (mean infusion rate 5.71+4.9mg/hr; maximum mean infusion rate 10.9+10.9mg/hr).  Systolic blood pressure was reduced by a mean of 26% at 18 hours.  No concomitant IV antihypertensives were needed in 92.3% of the patients (108/117) and successful transition to oral therapy after infusion occurred in 91.3% of patients (115/126.)  All patients were effectively managed via blood pressure cuff monitoring throughout. In the safety population (i.e., patients who received at least one dose clevidipine), 1.6% (N=2) experienced a SBP below the lower level of the target range within the first 3 minutes of treatment; treatment was continued and no adverse events were reported in these patients.  Compared to baseline, the median percent increase in pulse was not more than 10 beats per minute (baseline median 79 bpm) during the first 30 minutes of infusion.  Therapy was discontinued in one patient who experienced an increase in pulse from 89 to 142 bpm (after 7 minutes therapy).  During treatment, the most frequently reported adverse events were headache (6.3%), nausea (4.8%), chest discomfort (3.2%), and vomiting (3.2%).  Eleven patients experienced serious adverse events (including 3 deaths) during treatment; although, only one (chest discomfort) was felt to be treatment-related.  
Conclusion:  Initial titration followed by an infusion (> 18 hours) of clevidipine was safe and effective in reducing severe hypertension.

Limitations: Study design was open-label without a control group and included patients that may not have required intravenous antihypertensive therapy in clinical practice.  A patient-specific target was determined by the investigator for the primary endpoint and could be adjusted at the discretion of the investigator.    

Summary of Efficacy Findings 

· ESCAPE-1: evaluated efficacy and tolerability in treating preoperative hypertension.  

· 105 patients preparing to undergo cardiac surgery met the post randomization entrance criteria of SBP>160 and needed a SBP reduction of 15% from baseline
· These patients were treated with either clevidipine or placebo preoperatively.

· Clevidipine reduced blood pressure to target levels at a 92.5% success rate with a significantly lower rate of failure versus placebo (7.5% vs. 82.7%).

· ESCAPE-2: evaluated efficacy and tolerability in treating postoperative hypertension following cardiac surgery.
· 110 patients met the post randomization inclusion criteria of SBP>140 within 4 hours of admission to a postoperative setting, and needed a SBP reduction of 15% from baseline

· These patients were treated with clevidipine or placebo infusion.

· Clevidipine reduced blood pressure to target levels at a 91.8% success rate compared to just 20.4% with placebo.  Clevidipine also had a significantly lower rate of failure versus placebo (8.2% vs. 79.6%).
·  ECLIPSE: compilation of three open-label studies comparing clevidipine with nitroglycerin, SNP, and nicardipine in the treatment of hypertension in cardiac surgery.

· A total of 1506 patient were included among the three studies.

1. 268 clevidipine vs., 278 nitroglycerin

2. 296 clevidipine vs. 283 SNP

3. 188 clevidipine vs. 193 nicardipine
· The primary objective was to assess the safety of the four treatments by comparing death, stroke, myocardial infarction, and renal dysfunction for each group at 30 days post-operation.

· No statistically significant difference was found between the pooled clevidipine group and the pooled comparator group in any of the four safety measures.

· No statistically significant difference was found between the individual clevidipine groups and any of the individual comparators, except for a higher rate of 30 day mortality in the SNP group (4.7% vs. 1.7%, P=0.0445).  This was further analyzed considering other factors, such as surgery duration, age, and medical history, and no association between SNP and mortality was found.

· Adequacy and precision of blood pressure control was measured as a secondary outcome.

· Clevidipine was found to be significantly more effective at keeping blood pressure within the specified range when compared to the entire comparator group.  

· When comparing the individual groups, clevidipine was found to be more effective at keeping blood pressure within the specified range than nitroglycerin and SNP, but no difference was found between clevidipine and nicardipine.

· Comparison of clevidipine with sodium nitroprusside in the control of blood pressure after coronary artery surgery:  evaluated blood pressure control and hemodynamic changes in 30 hypertensive patients following coronary bypass grafting.

· No significant difference was found between the two groups in blood pressure control or in total number of dose adjustments required to maintain MAP in the target range.

· Patients receiving clevidipine experienced less heart rate increase than patients receiving SNP.

· VELOCITY: assessed the safety and efficacy of IV clevidipine in the treatment of acute severe hypertension. 
· 117 patients >18 years old who presented to the ER or ICU with SBP>180 and/or DBP>115 mm Hg were included in the study and treated with titrated doses of clevidipine.

· The primary endpoint of the study was achievement of a patient-specific SBP range.

· 88.9% of patients (104/117) achieved their target SBP within 30 minutes of treatment initiation.

· Median time-to-target was 10.9 minutes.

· Successful transition to oral therapy after infusion occurred in 91.3% of patients.

ADVERSE EVENTS 
The most commonly reported adverse reaction with clevidipine in patients with severe HTN is headache (6.3%).  Nausea and vomiting have been reported in 4.8% and 3.2% of these patients, respectively.  Other adverse reactions reported in <1% include dyspnea, syncope, myocardial infarction, and cardiac arrest. Drug discontinuation due to adverse events in patients with severe HTN was 4.8%.3  

In limited, placebo-controlled trials in patients with perioperative HTN, the following adverse reactions were reported (treatment vs. placebo):  nausea (21% vs. 12%), atrial fibrillation (21% vs. 12%), and acute renal failure (9% vs. 2%). In comparison trials, the rate of discontinuation due to adverse events was 5.9% with clevidipine vs. 3.2% in patients receiving the alternate treatment.3
Systemic hypotension and reflex sinus tachycardia may also occur.  If either of these occur, the dose should be decreased.3
Although clevidipine is administered in a lipid emulsion, it does not cause an increase in triglyceride levels.6
PRECAUTIONS/CONTRAINDICATIONS
Clevidipine is contraindicated in patients with hypersensitivity to the drug or any of its components, including egg or soy.  The drug is contraindicated in patients with defective lipid metabolism due to the high lipid content in the emulsion vehicle.  Clevidipine is also contraindicated in patients with severe aortic stenosis as afterload reduction will reduce myocardial oxygen delivery.  Dihydropyridine CCBs can produce negative inotropic effects and exacerbate heart failure, therefore clevidipine should be used cautiously in heart failure patients.1,3
DRUG INTERACTIONS
At concentrations seen in clinical practice, clevidipine does not induce or inhibit any CYP450 enzymes; therefore, the potential for interaction with other drugs is low.  Clevidipine does have moderate interaction with other drugs, including antihypertensive agents (diuretics, alpha-blockers, and beta-blockers), NSAIDs, MAOIs, local and general anesthetics, ethanol, estrogens/oral contraceptives, hawthorn, ephedra (Ma huang), and yohimbine.  This interaction is due primarily to the effect on blood pressure and caution should be used when administering clevidipine with any of these agents.  Ritonavir also causes a moderate interaction with clevidipine by prolonging the PR interval and the two drugs should be co-administered with caution and careful monitoring.3
MONITORING
Blood pressure and heart rate should be continuously monitored during infusion and then until vital signs are stable.  Patients who are not transitioned to another antihypertensive agent before discontinuation of clevidipine should be monitored for rebound hypertension for at least 8 hours after stopping the infusion and may require follow-up of blood pressure control.  Routine laboratory monitoring is not necessary.1,2 

Look-alike/Sound-alike Error Risk Potential
As part of a pilot program, the VA PBM and Center for Medication Safety queried a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonological similarities, as well as similarities in dosage form, strength and route of administration.  By incorporating similarity scores as well as clinical judgment, it was determined that the following drug names may pose as potential sources of drug name confusion. 

	Drug Name
	Potential Name Confusion

	Clevidipine (generic)
	cladribine
clonidine

	
	clozapine
clofarabine

	
	nicardipine

fludarabine

	
	cerubidine** (identified as a high-alert drug per ISMP)

	Cleviprex (brand)
	Clarinex
Clinimix

	
	Clorpres
Celebrex

	
	Clobex

	
	Calcijex

	
	Cerebyx** (identified as a high-alert drug per ISMP)


* Identified as a High Alert Medication per ISMP (i.e., special precautions must be taken in the receipt, storage, distribution and administration of these drugs)
In addition, a potential source of error with clevidipine could occur by confusion with propofol since both drugs are milky, white emulsions in small glass bottles and are used in similar treatment settings.

ACQUISITION COST COMPARISON3,6
	Drug
	Pricea per vial
	Dosing
	Average Doseb
	Average Cost/Pt

	Clevidipine 0.5mg/ml

-- 50ml vial

-- 100ml vial
	$82.82
$165.81
	1-2mg/hr initially; most respond to 4-6 mg/hr;  max 1000ml per 24 hours
	32.3mlc 
(one 50ml vial)
	$82.82

	Sodium Nitroprusside

25mg/ml

--2ml vial

(must dilute)
	$12.80
	0.5mcg/kg/min, titrated to max 10mcg/kg/min for 10 minutes
	25.6ml 

(one vial diluted)
	$12.80

	Nitroglycerin
--50mg/10ml vial

(must dilute)
	$3.11


	5mcg/min initially; effective dose range 5-100 mcg/min
	74.8 ml 
(one vial diluted)
	$3.11



	Nicardipine 25mg/10ml ampule
(must dilute)
	$75.13
	10mg/hr initially, titrated up to 15mg/hr max
	163.8 ml
(one vial diluted)
	$75.13


a VA prices current as of 04012009 per McKesson. . Check VA pricing resources for updated information

b“Average dose” reflects median doses used in ECLIPSE trials5 

cThe average doses for the ECLIPSE trials were 21.8ml x 268 patients, 26.5ml x   296 patients, and 56.4ml x 188 patients; average of 32.3ml5
PHARMACOECONOMIC ANALYSIS

There are no published pharmacoeconomic evaluations available at this time.
CONCLUSIONS
Clevidipine has been shown to be safe and effective in the treatment of perioperative hypertension and for the treatment of severe HTN.  The VA National Formulary has multiple agents available for the treatment of hypertension, including IV push, IV infusion, and oral therapy options. Additional controlled clinical trials are warranted to determine whether clevidipine has a proven advantage over other available therapies.  The average cost per treatment with clevidipine should be taken into consideration when considering this agent’s place in therapy.
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