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Clevidipine is a third generation dihydropyridine and is a multiple Ca2+ channel blocker approved for clinical
use and clevidipine is used for intravenous management of hypertension. Clevidipine has been found efficacy
and safe in hypertensive patients but induces some adverse-effects which occur in a limited rate. Six studies have
been reported on treatment of hypertensive patients with clevidipine and three studies have been reported on
clinical trials conducted with clevidipine in hypertensive patients. Clevidipine is metabolized into the inactive
metabolite H152/81. The pharmacokinetics of clevidipine have been studied in hypertensive patients following
clevidipine infusion at the rate of 2 to 16 mg/h. Clevidipine is rapidly eliminated and the elimination of clevid-
ipine consists in two phases. Clevidipine peak concentration, the area under the concentration-time curve, and
the concentration at steady-state increase with the dose whereas the total body clearance and the elimination
half-life of the initial and terminal phases are not dose related. The half-life of the initial phase is approximately
3.5 minutes and that of the terminal phase is approximately 33 minutes. Clevidipine consists in two enantiomers
and the elimination half-life of the initial phase is approximately 2 minutes for both enantiomers whereas the
elimination half-life of the terminal phase is approximately 8 minutes for (-)-R-clevidipine and 11 minutes for
(+)-S-clevidipine. The aim of this study is to review clevidipine efficacy and safely, treatment of hypertensive pa-
tients with clevidipine, adverse-effects induced by clevidipine, trials conducted with clevidipine in hypertensive
patients, the metabolism of clevidipine, and the pharmacokinetics of clevidipine.
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Introduction

Mechanisms of Action of Clevidipine

Clevidipine, a dihydropyridine, is a multiple Ca** channel blocker

nels. Clevidipine produces its effects by binding to the al subunit of
the L-type voltage-gated Ca?* channels and lowering Ca?* flux through
the channel [1].

Pharmacological Actions of Clevidipine

approved for clinical use. An increased concentration of cytosolic Ca*
causes increased concentration in both cardiac and vascular smooth
muscle cells. In cardiac myocytes, the entry of extracellular Ca?* caus-
es a larger Ca* release from intracellular stores (Ca**-induced Ca?*re-
lease) and thereby initiates the contraction twitch. In smooth muscle
cells, entry of Ca?* plays a dominant role, but the release of Ca?* from
the intracellular storage sites also contributes to contraction of vascu-
lar smooth muscle, particularly in some vascular beds. Cytosolic Ca?*
concentrations can be increased by diverse contractile stimuli in vas-
cular smooth cells. Many hormones and autacoids increase Ca?* influx
through so-called receptor-operated channels, whereas increases in
external concentration of K* and depolarizing electrical stimuli in-
crease Ca?* influx through voltage-gated or “potential operated” chan-

Clevidipine is a third generation dihydropyridine calcium block-
er for intravenous management of moderate to severe hypertension.
Clevidipine is an ultra-short-acting selective arteriolar vasodilator
that acts similar to other L-type dihydropyridine calcium channel
blocker by inhibiting the influx of extracellular calcium into the vas-
cular smooth muscle. Depolarization of vascular smooth muscle cells
depends primarily on the influx of Ca?". At least three distinct mech-
anisms may be responsible for contraction of vascular smooth cells.
First, voltage-gated Ca?* channels open in response to depolarisation
of the membrane, and extracellular Ca?* moves down its electrochem-
ical gradient into the cell. After closure of Ca?* channels, a finite pe-
riod of time is required before the channels open again in response
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to a stimulus. Second, agonist-induced contractions that occur with-
out depolarization of the membrane result from stimulation of the
Gqg-phospholipase C (inositol 1,4,5-triphosphate) pathway, resulting
in the release of intracellular Ca** from the sarcoplasmic reticulum.
Emptying of intracellular Ca*" stores may trigger further influx of
extracellular Ca®* (store-operated Ca** entry), but its relevance in
smooth muscle is unresolved. Third, receptor-operated Ca** channels
allow the entry of extracellular Ca?* in response to receptor occupan-
cy. An increase in cytosolic Ca?* results in enhanced binding of Ca*
to calmodulin. The Ca®*-calmodulin complex in turn activates myosin
light-chain kinase, with resulting phosphorylation of the myosin light
chain. Such phosphorylation promotes interaction between actin and
myosin and leads to sustained contraction of smooth muscle. Ca?*
channel blockers inhibit the voltage-dependent Ca?* channels in vas-
cular smooth muscle and decreases Ca?* entry. Clevidipine relaxes ar-
terial smooth muscle and thereby decrease arterial resistance, blood
pressure, and cardiac afterload [1].

Absorption, Distribution, Metabolism, and Elimination of
Clevidipine

Clevidipine is administered by intravenous infusion. Clevidipine
was intravenously infused at a rate ranging from 2 to 16 mg/h and
clevidipine peak concentration varies with the infusion rate and rang-
es from 3.36 to 15.8 ng/ml. Clevidipine is rapidly eliminated and the
elimination of clevidipine consists in two phases. The half-life of the
initial phase is approximately 3.5 minutes and that of the terminal
phase is approximately 33 minutes and the elimination half-life of the
initial and terminal phases does not vary with the clevidipine infu-
sion rate. Clevidipine consists in two enantiomers and the elimina-
tion half-life of the initial phase is approximately 2 minutes for both
enantiomers whereas the elimination half-life of the terminal phase
is approximately 8 minutes for (-)-R-clevidipine and is 11 minutes
for (+)-S-clevidipine. Clevidipine is rapidly metabolized to the corre-
sponding inactive metabolite H152/81 and the terminal elimination
half-life of the inactive metabolite is 9.5 hours [1].

Molecular structure of clevidipine (molecular weight = 456.32 grams/mole).

Literature Search

The literature search was performed electronically using PubMed
database as search engine and the following key words were used:
", “clevidipine treatment”, “clevidipine

“clevidipine efficacy, safety”,
", “clevidipine trials”, “clevidipine metabolism”, and

adverse-effects”,
“clevidipine pharmacokinetics”. In addition the book: Goodman@Gil-
man’s. The Pharmacological basis of Therapeutics [1] has been con-

sulted.
Results
Efficacy and Safely of Clevidipine

Four studies have been reported on the efficacy and safely of
clevidipine. Clevidipine was intravenously infused at a rate of 10
mg/h to 22 patients undergoing neurosurgery to lower the systolic
blood pressure < 130 mmHg and the reduction of blood pressure was
obtained within 15 minutes. Clevidipine effectively and safely low-
ers the systolic blood pressure in hypertension patients undergoing

intracranial surgery [2]. Thirty-five patients with intracranial haem-
orrhage had a mean systolic blood pressure of 186 mmHg received
clevidipine by intravenously infusion at a rate of 10 mg/h and after
5.5 minutes the systolic blood pressure was lowered from 140 to 160
mmHg. Clevidipine effectively, safely, and rapidly lowers the systolic
blood pressure in patients with intracranial haemorrhage [3]. For-
ty-seven children with a mean age of 8.7 years undergoing neurosur-
gery received clevidipine by intravenous infusion at a rate of 0.5 pg/
kg/min. Clevidipine effectively and safely maintain intracranial pres-
sure and cerebral perfusion pressure without causing adverse-effects
in children undergoing neurosurgery [4]. A total of 1,512 patients
with acute hypertension undergoing cardiac surgery were enrolled. It
was compared the efficacy and safely of clevidipine to those of nitro-
glycerin, to those of sodium nitroprusside, and to those of nicardipine
in treatment of perioperative acute hypertension in patients undergo-
ing cardiac surgery. Clevidipine was more effective than nitroglycerin
(P-value = 0.0006) or than sodium nitroprusside (P-value = 0.003)
in maintaining the blood pressure within the proper range. Clevid-
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ipine was equivalent to nitroglycerin in keeping patients within the
proper blood pressure range. Clevidipine effectively and safely lowers
blood pressure in hypertensive patients undergoing cardiac surgery
[5]. Therefore, clevidipine effectively and safely lowers the systolic
blood pressure in patients undergoing intracranial surgery and in
patients with intracranial haemorrhage. Clevidipine effectively and
safely maintain intracranial pressure and cerebral perfusion in chil-
dren undergoing neurosurgery, and clevidipine is more effective than
nitroglycerin and sodium nitroprusside and is effective as nitroglycer-
in in maintaining the proper blood pressure in hypertensive patients
undergoing cardiac surgery.

Treatment of Hypertensive Patients with Clevidipine

Six studies have been reported on the treatment of hypertensive
patients with clevidipine. Deeks, Keating, and Keam [6] reviewed the
pharmacologic properties, the therapeutic efficacy, and the tolerabil-
ity of clevidipine in hypertensive patients. Clevidipine inhibits L-type
calcium channels in a voltage-dependent manner and exhibits a high
degree of vascular selectively in-vitro. Intravenous clevidipine is ef-
fective in treatment of both acute preoperative and postoperative hy-
pertension in adult cardiac surgery patients and with a rapid onset
and short duration of action the drug can be easily titrated for blood
pressure control. Moreover, in terms of controlling acutely elevated
blood pressure in this patient population, clevidipine is more effec-
tive than sodium nitroprusside or nitroglycerin in the perioperative
setting, and has an efficacy not different to that of nicardipine on the
postoperative setting. Clevidipine is generally well-tolerated in these
patient populations, and has a safely profile generally similar to that
of sodium nitroprusside, nitroglycerin or nicardipine in cardiac sur-
gery population. The blood pressure lowering effects of clevidipine
are rapid and dose dependent and are achieved by decreasing system-
atic vascular resistance without affecting venous capacitance vessels
or cardiac filling pressures with onset of effect within 5 to 15 min-
utes. Stead-state concentrations of clevidipine in arterial and venous
blood are rapidly attained within approximately 2 to 10 minutes in
healthy volunteers receiving clevidipine by intravenous infusions at
arate 0.91 or 3.2 pg/kg/min. The relationship between intravenous
clevidipine infusion dose and steady-state blood concentration was
linear over wide dose ranges in patients with mild to moderate hyper-
tension and in healthy volunteers.

Clevidipine is rapidly metabolized via hydrolysis by esterases in
the blood and extravascular tissues to a major metabolite namely
H152/81 that is inactive as an antihypertensive drug. Concentrations
of clevidipine in the blood fall rapidly in a multiphasic fashion after
termination of infusion. The elimination phase of the initial is rapid
with a half-life of approximately 1 minute and accounts for the ma-
jority of clevidipine exposure after an intravenous bolus dose and for
85% to 90% of its elimination and the terminal elimination phase has
a half-life of approximately 15 minutes. Clevidipine produces rapid
reductions of > 15% of systolic blood pressure from baseline in < 6

minutes, and rapidly improves mean arterial blood pressure relative
to placebo. Intravenous clevidipine administered by infusion is safe
and generally well-tolerated in cardiac surgery patients with acute
hypertension. Clevidipine is as safe as nitroglycerin, sodium nitro-
prusside, or nicardipine with regard to the incidence of myocardial
infarction, stroke, or renal dysfunction in patients with preoperative
or postoperative hypertension. The most common adverse-effects in-
duced by clevidipine include atrial fibrillation and sinus tachycardia,
although the incidence of such adverse-effects did not differ from that
seen with nitroglycerin, sodium nitroprusside, or nicardipine. Most
of adverse-effects associated with clevidipine were mild or moderate
in severity and considered unrelated to study drug, with the most
commonly reported being headache, nausea, chest discomfort, and
vomiting. Data from animal studies suggest that clevidipine may pro-
tect against myocardial and renal injury caused by ischemia and/or
reperfusion. One-hundred-five hypertensive patients scheduled for
cardiac surgery had a systolic blood pressure = 160 mmHg and re-
ceived either clevidipine by intravenous infusion at a rate of 0.4 to 8.0
ug/kg/min or placebo.

Patients treated with clevidipine demonstrated a 92.5% rate of
treatment success and a lower rate of treatment failure (P-value <
0.0001) than patients who received the placebo. Clevidipine achieved
target systolic blood pressure at a median time of 6.0 minutes. A
modest increase in heart rate from baseline occurred during clevi-
dipine administration. Adverse-effects occurred at the same rate in
patients treated with clevidipine and in patients who received the
placebo. Therefore, clevidipine rapidly decreases the blood pressure
and is well-tolerated in patients scheduled for cardiac surgery [7].
In patients with hypertension and intracerebral haemorrhage the
reduction of blood pressure may attenuate the mortality rate. Thir-
ty-five patients with a mean systolic blood pressure of 186 mmHg
received clevidipine and a mean time from onset of symptoms was
5.5 hours and the patients achieved target systolic blood pressure
within 30 minutes. Mild to moderate hypotension was reported in 3
patients and resolved with dose reduction or drug discontinuation.
Therefore, clevidipine effectively, safely, and rapidly lowers the blood
pressure in critically ill patients with intracranial haemorrhage. Pa-
tients showed minimal hematoma expansion with blood pressure
reduction suggesting that the rapid blood pressure control with clevi-
dipine may have a beneficial impact on hematoma [8]. Nicardipine
and clevidipine have been commonly used in neurosurgical settings.
It was assessed the efficacious of clevidipine after nicardipine treat-
ment failure in neurosurgical patients. Twelve patients treated with
clevidipine after nicardipine treatment failures were included in the
analysis. The median number of events that required dose-titration
was 20 in patients treated with nicardipine and 17 in patients treat-
ed with clevidipine (P-value = 0.534). The median percentage of time
spent at targeted systolic blood pressure goal was 76.2% in patients
treated with nicardipine and 93.4% in patients treated with clevidip-
ine (P-value = 0.123).
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Therefore, clevidipine could be an alternative effective drug with
acceptable benefit/risk ratio in the neurosurgical population that
fails to achieve blood pressure control with nicardipine treatment [9].
Evidence suggests that clevidipine may provide faster blood pressure
reduction with less volume than nicardipine in patients with stroke
and in patients undergoing cardiothoracic surgery. One-hundred-
eight-two patients were included in the study (103 patients received
nicardipine and 79 patients received clevidipine). The time to achieve
the goal blood pressure was 35 minutes in patients treated with clevi-
dipine and 33 minutes in patients treated with nicardipine (P-value
= 0.37). The infusion volume was significantly less with clevidipine
(222 ml versus 518 ml; P-value = 0.01); however, the total infusion
volume received in the intensive care unit was similar (3,370 ml ver-
sus 3,383 ml (P-value = 0.43). The percent time achieved the goal
blood pressure range was similar (43.1% with clevidipine versus
42.3% with nicardipine). Therefore, the time to achieve goal blood
pressure is similar for clevidipine and nicardipine and any decreases
in medication-associated volume with clevidipine are no longer evi-
dent when all volume sources are considered. Thus clevidipine may
not provide meaningful benefit in this heterogeneous population [10].
Twenty-five healthy volunteers received clevidipine by intravenous
infusion at a rate of 0.12 to 48 nmol/min/kg for 20 minutes. There
was a linear relationship between blood concentration and dose rate.
The mean clearance was 0.121 L/min/kg and the distribution volume
at steady-state was 0.56 L/kg. The half-life of the initial phase was 1.8
minutes and contributed to > 80% to the total area under the blood
concentration-time curve following intravenous bolus administration
and the terminal half-life was 9.5 minutes.

At the highest dose rates, the median arterial pressure was re-
duced by approximately 10%, and the over heart rate was > 120
beats/min. Therefore, clevidipine is a high clearance drug with ex-
tremely short half-life, is well-tolerated and is safe in healthy volun-
teers receiving an infusion rate up to at least 48 nmol/min/kg. The
effect of clevidipine on the blood pressure was marginal, probably
due to compensatory baroreflex activation in healthy volunteers [11].

Adverse-Effects Induced by Clevidipine in Hypertensive
Patients

Three studies have been reported on the adverse-effects induced
by clevidipine in hypertensive patients. Nguyen, Ma, and Pham [12]
assessed the rate of adverse-effects induced by clevidipine and those
induced by placebo in hypertensive patients. Patients received either
clevidipine or placebo and the mean reduction of arterial pressure
from baseline occurred in 31.2% of patients who received clevidipine
and in 11.2% of patients who received placebo (P-value < 0.001). The
adverse-effects included: atrial fibrillation which occurred in 13.0%
to 36.1% of patients who received clevidipine and it occurred in
12.0% of patients who received placebo, nausea occurred in 5.0% to
12.0% of patients who received clevidipine and it occurred in 12.0%

of patients who received the placebo, fever occurred in 19.0% of pa-
tients who received clevidipine and it occurred in 13.7% of patients
who received placebo, insomnia occurred in 12% of patients who
received clevidipine and occurred in 6.1% of patients who received
placebo, and the acute renal failure occurred in 9.0% of patients who
received clevidipine and occurred in 2.0% of patients who received
the placebo. Therefore, clevidipine and placebo induce similar rate
of adverse-effects thus clevidipine causes minimal adverse-effects in
hypertensive patients and is well-tolerated. Clevidipine was adminis-
tered to hypertensive patients and caused the following adverse-ef-
fects: atrial fibrillation, nausea, headache, and acute renal failure [13].
Clevidipine was administered to hypertensive patients and the most
frequent adverse-effects reported were: atrial fibrillation, headache,
nausea, vomiting, and acute renal failure [14]. Therefore, clevidipine
induces some adverse-effects in hypertensive patients but they occur
in a limited rate thus clevidipine is well-tolerated.

Trials Conducted with Clevidipine
Patients

in Hypertensive

Three studies have been reported on trials conducted with clevid-
ipine in hypertensive patients. A prospective, randomized, open-label,
and parallel-comparative trial compared the safely and the efficacy
of clevidipine alone, versus those of clevidipine plus nitroglycerin,
versus those of clevidipine plus sodium nitroprusside, and versus
those of clevidipine plus nicardipine in hypertensive patients under-
going cardiac surgery. No difference in the incidence of myocardial
infarction, stroke, or renal dysfunction was observed in these treat-
ment groups. The mortality rate was similar in patients treated with
clevidipine plus nitroglycerin and in patients treated with clevidipine
plus nicardipine, whereas the mortality rate appeared to be greater
in patients treated with clevidipine plus sodium nitroprusside than
in patients treated with clevidipine (P-value = 0.04). The control of
blood pressure was significantly more efficacious in patients treated
with clevidipine than in patients treated with clevidipine plus nitro-
glycerin (P-value = 0.0006) and in patients treated with clevidipine
plus sodium nitroprusside (P-value = 0.003) and fewer blood pres-
sure excursions were similar in patients treated with clevidipine plus
nicardipine and in patients treated with clevidipine. Therefore, clevi-
dipine and the other treatment groups are similarly safe with the ex-
ception for the mortality rate which is greater in patients treated with
sodium nitroprusside than in patients treated with clevidipine. Clevi-
dipine controls the blood pressure more effectively than clevidipine
plus nitroglycerin and clevidipine plus sodium nitroprusside [15]. A
randomized, double-blind trial was conducted in 100 patients under-
going coronary artery bypass grafting with cardiopulmonary bypass.
Clevidipine was intravenously infused at a rate of 0.2 to 8 ug/kg/min
or nitroglycerin was intravenously infused at a rate of 0.4 ug/kg/min
from induction of anaesthesia through 12 hours postoperatively. The
total mean dose pre-bypass was 4.5+4.7 mg for clevidipine and was
6.915.4 mg for nitroglycerin (P-value < 0.05).
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The geometric mean of the area under the concentration-time
curve was 283 mmHg*min/h for clevidipine (N = 45) and was 292
mmHg*min/h or nitroglycerin (N = 48). The geometric mean of the
area under the concentration-time curve during aortic cannulation
was 357.7 mmHg*min/h for clevidipine and was 190.5 mmHg*min/h
for nitroglycerin (P-value < 0.05). The heart rate following clevidipine
administration was 76.0+13.8 beats/min and it was 81.5+14.4 beats/
min following nitroglycerin administration. There were no clinically
important differences in adverse-effects for clevidipine and nitroglyc-
erin. Therefore, during coronary artery bypass grafting, clevidipine
is not inferior to nitroglycerin for blood pressure control and clevi-
dipine and nitroglycerin have been found to be well-tolerated [16].
A prospective, randomized, and open-label trial compared the safety
and the antihypertensive effect of clevidipine to those of nitroglycerin
and to those of sodium nitroprusside preoperatively and to those of
nicardipine postoperatively in patients undergoing cardiac surgery.
A total of 1,512 patients were randomized 1:1 for each three paral-
lel comparator treatment groups. The primary outcome was the in-
cidence of death, myocardial infarction, stroke, or renal dysfunction
at 30 days postoperatively. Adequacy and precision blood pressure
control was evaluated and reported as a secondary outcome. There
was no difference in the incidence of myocardial infarction, stroke, or
renal dysfunction for patients treated with clevidipine or with oth-
er drugs. There was no difference in mortality rate between patients
treated with clevidipine, with nitroglycerin, or with nicardipine. The
mortality rate was significantly higher in patients treated with sodi-
um nitroprusside than in patients treated with clevidipine (P-value
=0.04).

Clevidipine was more effective than nitroglycerin (P-value =
0.0006) or sodium nitroprusside (P-value = 0.003) in maintaining
the blood pressure within the pre-specified blood pressure range.
Clevidipine was equivalent to nicardipine in keeping patients with-
in a pre-specified blood pressure range; however, when the blood
pressure range was narrowed, clevidipine was associated with fewer
blood pressure excursions beyond these blood pressure limits com-
pared to nicardipine. Therefore, clevidipine is a safe and is an effec-
tive treatment of acute hypertension in patients undergoing cardiac
surgery [17].

Metabolism of Clevidipine

Two studies have been reported on the metabolism of clevidip-
ine. Clevidipine is rapidly metabolized by esterases in blood and in
tissues therefore its metabolism is not affected by renal or hepatic
function. Eight healthy male volunteers received 1,030 nmol /min of
clevidipine together with a tracer dose of 3[H]-clevidipine for 1 hour
by intravenous infusion. Frequent venous blood samples and effect
recordings were obtained during ongoing infusion and up to 32 hours
following termination of the infusion. The elimination half-life of the
initial phase was 1.6+0.3 minutes, and the elimination half-life of the
terminal phase was 1545 minutes. The maximum concentration of
the metabolite H152/81 was reached 2.2+1.3 minutes following ter-

mination of the infusion. The mean terminal half-life of inactive me-
tabolite was 9.5+0.8 hours and the mean recovery of the radioactive
in the urine reached 83+3% of the administered dose of clevidipine.
Clevidipine is a high clearance drug which is rapidly metabolized to
the corresponding inactive acid metabolite H152/81. The time to
reach the peak concentration of the metabolite is virtually identical to
the half-life of the initial elimination half-life of clevidipine. The dura-
tion of antihypertensive effect of clevidipine is short [18]. Clevidipine
is likely to be co-medicated and the potential for clevidipine and its
metabolite H152/81 to elicit drug interactions by induction or inhi-
bition of cytochrome P450 was investigated. Induction of CYP1AZ2,
CYP2C9, and CYP3A4 was examined in primary human hepatocytes
treated with clevidipine at the concentrations of 1, 10, and 100 pM.

Clevidipine was found to be an inducer of CYP3A4, but not of
CYP1A2 in the sale line or CYP2C9, at the concentrations of 10 uM
and 100 pM. Using cDNA-expressed enzymes, clevidipine inhibited
CYP2C9, CYP2C19, and CYP3A4 activities with IC; values below 10
uM, whereas CYP1A2, CYP2D6, and CYP2E1 activities were not sub-
stantially inhibited and the IC_, values were > 70 uM and little or no
inhibition of H152/81 was found for the enzyme activities with IC_;
values = 69 uM. Therefore, it is highly unlikely for clevidipine or its
metabolite H152/81 to cause cytochrome P450-related drug interac-
tions when used in the dose range required to manage hypertension
in humans [19].

Pharmacokinetics of Clevidipine

Clevidipine is a rapidly-acting intravenous dihydropyridine anti-
hypertensive acting via calcium channel blockade. Smith, et al. [20]
studied the pharmacokinetics of clevidipine following the intrave-
nous infusion of clevidipine at the infusion rate of 2, 4, 8, and 16 mg/h
in 61 patients with mild to moderate hypertension. Intravenous infu-
sion of clevidipine was initiated at a rate of 2 mg/h and force-titrated
in doubling increments every 3 minutes to the target dose then main-
tained for 72 hours. Clevidipine blood concentrations were obtained
during infusion and for 1 hour after infusion termination. The study
was conducted using a randomized, single-blind, placebo-controlled,
parallel-group design. Men and women aged 18 to 80 years with a
history of mild to moderate hypertension were screened. To be eligi-
ble for study inclusion, patients had to be assessed in the untreated
state with systolic blood pressure = 140 mmHg and < 200 mmHg and/
or a diastolic blood pressure 2 95 mmHg and < 115 mmHg, and the
heart rate < 120 beats per minute. Exclusion criteria included treat-
ment with = 5 oral antihypertensive agents, secondary hypertension,
myocardial infarction, or cerebrovascular events within 6 months,
congestive heart failure or other severe cardiovascular disease, prior
cerebral haemorrhage or intracranial tumour, liver failure or cirrho-
sis, intolerance to calcium channel blockers, and allergy to soybean or
egg lecithin. Table 1 summarizes the pharmacokinetic parameters of
clevidipine which were obtained following the intravenous infusion
of clevidipine at the rate of 2, 4, 8, and 16 mg/h to 61 patients with
mild to moderate hypertension. NC = not calculated. AUCO-t = area
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under the concentration-time curve from zero to the last quantifiable
concentration. aN = 8, bN = 6, cN = 9. This table shows that the peak
concentration, the area under the concentration-time curve, and the
concentration at the steady-state increase with the clevidipine dose

whereas the and the total body clearance and the elimination half-life
of initial and terminal phases do not vary with the clevidipine dose.

Table 1: Pharmacokinetic parameters of clevidipine which have been obtained in 61 patients with mild to moderate hypertension. The infu-
sion rate of clevidipine was 2, 4, 8, and 16 mg/h. Values are the mean+SD, by Smith, et al. [20].

Clevidipine Number of Peak conc. AUC,, Concegtration at | 1olbo dy clear- I.I;::lin}ipa_ti.orll h}al]f- Ellj?lir\fation }1allf-
infusion rate | determinations steady-state ance (L/min) ite of mitial phase ife of termina
(ng/ml) (ng*h/ml) (ng/ml) (minutes) phase (minutes)
10 3.36+1.35 122456 1.37+0.70 33.2+21.0 4.18+2.59 NC
10 5.17+1.67 211492 3.00+1.25 26.1+10.9 3.28+1.06° 37.0+29.9°
10 7.68+2.37 327+109 5.12+1.62 28.5+9.91 3.16+1.40 32.4+33.6*
16 10 15.8+4.01 724+246 9.20+3.37 33.4+14.7 3.34+0.96 37.3+21.7°

The elimination of clevidipine consists in two phases and the
elimination half-life of the initial phase is much shorter than that of
terminal elimination half-life. Clevidipine is rapidly eliminated thus
the pharmacokinetics of clevidipine are not saturated and the initial
elimination half-life phase and terminal elimination half-life phase of
clevidipine do not vary with the clevidipine dose. Ericsson, et al. [21]
studied the pharmacokinetics of (-)-R-clevidipine and (+)-S-clevid-
ipine enantiomers following the intravenous infusion of clevidipine
racemate to hypertensive patients. Twenty patients received three
out of five randomized treatments with clevidipine. The pharmaco-
kinetics of separate enantiomers were evaluated by compartmental
analysis of blood concentrations versus time curves using population
approach. The derived pharmacokinetic parameters were used to
simulate the time for 50% and 90% post-infusion decline following
various infusion times of clevidipine racemate. A two-compartment
model was used to describe the dispositions of the enantiomers; there
were only minor differences between the estimated pharmacokinetic
parameters of the separate enantiomers. The mean blood clearance
values of (-)-R-clevidipine and (+)-S-clevidipine were 0.103 and 0.096
L/min/kg, respectively, and the corresponding distribution volume at
steady-state was 0.39 and 0.54 L/kg, respectively. The elimination of
clevidipine consists in two phases and the elimination half-life of the
first phase was approximately 2 minutes regardless of stereochemi-
cal configuration, and the elimination half-life of the terminal phase
was approximately 8 minutes for (-)-R-clevidipine and 11 minutes for
(+)-S-clevidipine and a 90% decline in concentration was achieved
approximately 8 minutes post-infusion. Therefore, both enantiomers
are high-clearance compounds with similar blood clearance values.
The distribution volume for the enantiomers is slightly different, pre-
sumably due to differences in the protein binding. From a pharmaco-
kinetic point of view, the use of a single enantiomer as an alternative
to the racemic clevidipine will not offer any clinical advantages.

Discussion

Clevidipine, a third generation dihydropyridine, is a multiple
Ca?* channel blocker approved for clinical use. Clevidipine is a cal-

cium blocker and is used for intravenous management of moderate
to severe hypertension. Clevidipine is an ultra-short-acting selective
arteriolar vasodilator that acts similarly to other L-type dihydropyri-
dine calcium channel blocker by inhibiting the influx of extracellular
calcium into the vascular smooth muscle [1]. The efficacy and safely
of clevidipine have been reviewed. Clevidipine, intravenously infused
at a rate of 10 mg/h, effectively and safely lowers the systolic blood
pressure to < 130 mmHg in patients undergoing neurosurgery [2],
clevidipine, intravenously infused at a rate of 10 mg/h, effectively and
safely lowers the systolic blood pressure from 140 to 160 mmHg in
patients with intracranial haemorrhage [3], clevidipine, intravenous-
ly infused at a rate of 0.5 pg/kg/min effectively and safely maintain
intracranial pressure and cerebral perfusion in children undergoing
neurosurgery [4], and clevidipine is more effective than nitroglycerin
(P-value = 0.0006) and sodium nitroprusside (P-value = 0.003) and is
equivalent to nitroglycerin in maintaining blood pressure within the
proper range in patients with acute hypertension undergoing cardi-
ac surgery [5]. The treatment of hypertensive patients with clevid-
ipine has been reviewed. Deeks, Keating, and Kean [6] reviewed the
pharmacologic properties, the therapy efficacy, and the tolerability of
clevidipine in hypertensive patients.

Clevidipine inhibits L-type calcium channels in a voltage-depen-
dent manner and inhibits a high degree of vascular selectively in-vi-
tro. Clevidipine effectively treats both acute preoperative and post-
operative hypertension in patients undergoing cardiac surgery, and
clevidipine is more effective than sodium nitroprusside and nitro-
glycerin and is effective as nicardipine in controlling blood pressure
in patients on the postoperative setting. Clevidipine lowers blood
pressure rapidly and the decrease of vascular resistance in dose de-
pendent and lowers the vascular resistance approximately within 5 to
15 minutes. Clevidipine infused at the rate of 0.91 or 3.2 pg/kg/min
lowers blood pressure within 2 or 10 minutes. Clevidipine is rapidly
metabolized via hydrolysis by esterases in blood and extravascular
tissues to an inactive metabolite namely H152/81. The elimination of
clevidipine in the blood is rapid and consists in two phases. The elim-
ination half-life of the initial phase is approximately 1 minute and ac-
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counts for 85% to 90% of clevidipine elimination. The half-life of the
terminal phase is approximately 15 minutes and clevidipine reduces
> 15% from baseline in systolic blood pressure in < 6 minutes. Clevi-
dipine intravenously infused is found to be safe and well-tolerated in
patients with acute hypertension undergoing cardiac surgery. Clevi-
dipine is safe as nitroglycerin, sodium nitroprusside, or nicardipine
with regard to the incidence of myocardial infarction, stroke, or renal
dysfunction in patients with postoperative hypertension. The most
common adverse-effects induced by clevidipine include atrial fibril-
lation and sinus tachycardia and these adverse-effects are similar to
those induced by nitroglycerin, sodium nitroprusside, or nicardipine
and the adverse-effects induced by clevidipine are mild or moderate
in severity.

Other adverse-effects are headache, nausea, chest discomfort, and
vomiting. Patients undergoing cardiac surgery had a systolic blood
pressure = 160 mmHg and received either clevidipine infused at a
rate of 0.4 to 8.0 pg/kg/min or placebo. Patients treated with clevi-
dipine have a success rate of 92.5% and a lower rate of treatment
failure (P-value < 0.0001) than patients who received the placebo.
Clevidipine achieved target systolic blood pressure at a median time
of 6.0 minutes. A modest increase in heart rate occurs during clevid-
ipine administration and the adverse-effects occur at the same rate in
patients treated with clevidipine and in patients who receive placebo
[7], in patients with hypertension and intracerebral haemorrhage the
reduction of blood pressure may attenuate the mortality rate. Patients
with a mean systolic blood pressure of 186 mmHg received clevidip-
ine and the mean time from onset of symptoms is 5.5 hours. Patients
achieved target systolic blood pressure within 30 minutes and mild to
moderate hypotension was reported in 8.6% of patients [8], it was as-
sessed the effectivity of clevidipine after nicardipine treatment failure
in neurosurgical setting. The median number of events required for
dose-titration is 20.5 in patients treated with nicardipine and 17 in
patients treated with clevidipine (P-value = 0.534). The median per-
centage of time spent to target systolic blood pressure goal is 76.2 and
93.4 in patients treated with nicardipine and clevidipine, respective-
ly (P-value = 0.123). Therefore, clevidipine is an alternative effecting
drug with similar benefit/risk ratio in the neurosurgical population
that fails to achieve blood pressure control with nicardipine treat-
ment [9], clevidipine provides faster reduction in blood pressure than
nicardipine.

The time to achieve goal blood pressure is 35 and 33 minutes in
patients treated with clevidipine and nicardipine, respectively (P-val-
ue = 0.37) and the time to guideline-directed 25% reduction was
similar (P-value = 0.42) in patients treated with clevidipine or with
nicardipine. The volume from study drug is less with clevidipine than
with nicardipine (P-value < 0.01) however the total volume received
in the intensive care unit is similar with clevidipine and nicardipine
(P-value = 0.43). Therefore, the time to achieve goal blood pressure
is similar for clevidipine and nicardipine thus clevidipine may pro-
vide meaningful benefit in this population [10], healthy volunteers

received clevidipine by intravenous infusion at a rate of 0.12 to 48
nmol/min/kg for 20 minutes and there was a linear relationship
between blood concentration and dose rate. The mean clearance is
0.121 L/min/kg and the distribution volume at steady-state is 0.56
L/kg. The initial half-life is 1.8 minutes and contributes to > 80% to
the total area under the blood concentration-time curve following in-
travenous bolus administration and the terminal half-life is 9.5 min-
utes. At the highest dose rate, the median arterial pressure is reduced
by approximately 10% and the over heart rate is > 120 beats/min.
Therefore, clevidipine is a high clearance drug with extremely short
half-life, is well-tolerated and is safe in healthy volunteers and the
effect of clevidipine on blood pressure is marginal probably due to
compensatory baroreflex activation in healthy volunteers [11]. The
adverse-effects induced by clevidipine in hypertensive patients have
been reviewed. Nguyen, Ma, and Pham [12] assessed the rate of ad-
verse-effects induced by clevidipine and those induced by placebo in
hypertensive patients. The mean reduction of arterial from baseline
occurs in 31.2% of patients treated with clevidipine and in 11.2% of
patients who received placebo (P-value < 0.001).

The adverse-effects included: atrial fibrillation which occurs in
13.0% to 36.1% of patients who received clevidipine and it occurred
in 12.0% in patients who received placebo, nausea, fever, insomnia
and acute renal failure occur in similar rate in patients treated with
clevidipine and in patients who received placebo. Therefore, clevidip-
ine induces adverse-effects at a similar rate of those induced by pla-
cebo. Clevidipine induces the following adverse-effects: atrial fibrilla-
tion, nausea, headache, and renal failure [13], and the adverse-effects
induced by clevidipine are: atrial fibrillation, headache, nausea, vom-
iting, and acute renal failure. Therefore, clevidipine induces some ad-
verse-effects in hypertensive patients but they occur in a limited rate
thus clevidipine is a safe drug [14]. The trials conducted with clevi-
dipine in hypertensive patients have been reviewed. A prospective,
randomized, open-label, and parallel-comparative trial compared the
safety and the efficacy of clevidipine alone, versus those of clevidipine
plus nitroglycerin, versus those of clevidipine plus sodium nitroprus-
side, and versus those of clevidipine plus nicardipine in hypertensive
patients undergoing cardiac surgery. No differences in the incidence
of myocardial infarction, stroke, or renal dysfunction were observed
in the treatment groups. The mortality rate was similar in patients
treated with clevidipine plus nitroglycerin and in patients treated
with clevidipine plus nicardipine, whereas the mortality rate was
greater in patients treated with clevidipine plus sodium nitroprusside
than in patients treated with clevidipine (P-value = 0.04). The control
of blood pressure was significantly more effective in patients treated
with clevidipine than in patients treated with clevidipine plus nitro-
glycerin (P-value = 0.0006) and in patients treated with clevidipine
plus sodium nitroprusside (P-value = 0.003) and fewer blood pres-
sure excursions were similar in patients treated with clevidipine plus
nicardipine and in patients treated with clevidipine.
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Therefore, clevidipine and the other treatment groups are similar
safe with the exception for the mortality rate which is greater in pa-
tients treated with sodium nitroprusside than in patients treated with
clevidipine. Clevidipine controls the blood pressure more effectively
than clevidipine plus nitroglycerin and clevidipine plus nitroprusside
[15], a randomized, double-blind trial was conducted in 100 patients
undergoing coronary artery bypass grafting with cardiopulmonary
bypass. Clevidipine was intravenously infused at a rate of 0.2 to 8 ug/
kg/min or nitroglycerin was intravenously infused at a rate of 0.4 pg/
kg/min from induction of anaesthesia through 12 hours postoper-
atively. Total mean dose pre-bypass was 4.5+4.7 mg for clevidipine
and was 6.9+5.4 mg for nitroglycerin (P-value < 0.05). The geometric
mean of the area under the concentration-time curve was 283 mmH-
g*min/h for clevidipine (N = 45) and was 292 mmHg*min/h for nitro-
glycerin (N = 48). The geometric mean of the rea under the concen-
tration-time curve during aortic cannulation was 357.7 mmHg*min/h
for clevidipine and was 190.5 mmHg*min/h for nitroglycerin (P-val-
ue < 0.05). The heart rate following clevidipine administration was
76.0+13.8 beats/min and it was 81.5+14.4 beats/min following ni-
troglycerin administration. There were no clinically important differ-
ences in adverse-effects for clevidipine and nitroglycerin. Therefore,
during artery bypass grafting, clevidipine is not inferior to nitroglyc-
erin for blood pressure control and clevidipine and nitroglycerin have
been found to be well-tolerated [16], a prospective, randomized, and
open-label trial compared the safety and the antihypertensive effect
of clevidipine to those of nitroglycerin and to those of sodium nitro-
prusside preoperatively and to those of nicardipine postoperatively in
patients undergoing cardiac surgery.

A total of 1,512 patients were randomized 1:1 for each the three
parallel comparator treatment groups. The primary outcome was the
incidence of death, myocardial infarction, stroke, or renal dysfunction
at 30 days postoperatively. Adequacy and precision blood control
were evaluated and reported as a secondary outcome. There were no
differences in the incidence of myocardial infarction, stroke, or renal
dysfunction for patients treated with clevidipine, with nitroglycerin,
or with nitroglycerin. The mortality rate was significantly higher in
patients treated with sodium nitroprusside than in patients treated
with clevidipine (P-value = 0.0006) or sodium nitroprusside (P-val-
ue = 0.003) in maintain the blood pressure within the pre-specified
blood pressure range. Clevidipine was equivalent to nicardipine in
keeping patients within a pre-specified blood pressure range; how-
ever, when the blood pressure range was narrowed, clevidipine was
associated with fewer blood pressure excursions beyond these blood
pressure limits compared to nicardipine. Therefore, clevidipine is a
safe and effective treatment for acute hypertension in patients under-
going cardiac surgery [17]. The metabolism of clevidipine has been
reviewed. Clevidipine is rapidly metabolized by esterases in blood
and in tissues therefore its metabolism is not affected by renal or he-
patic function. Eight healthy male volunteers received 1,030 nmol/
min of clevidipine together with a tracer dose of 3[H]-clevidipine for

1 hour by intravenous infusion. The elimination half-life of the initial
phase was 1.6+0.3 minutes and the elimination half-life of the termi-
nal phase was 15+5 minutes. The maximum concentration of the me-
tabolite H152/81 was reached 2.2+1.3 minutes following termination
of the infusion.

The mean terminal half-life of the inactive metabolite was 9.5+0.8
hours and the mean recovery of the radioactive in the urine reached
83+3% of the administered dose of clevidipine. Clevidipine is a high
clearance drug which is rapidly metabolized to the corresponding
inactive metabolite H152/81. The time to reach the peak concen-
tration of the metabolite is virtually identical to the half-life of the
initial elimination half-life of clevidipine [18], clevidipine is likely to
be co-medicated and the potential for clevidipine and its metabolite
H152/81 to elicit drug interactions by induction or inhibition of cy-
tochrome P450 was investigated. Induction of CYP1A2, CYP2C9, and
CYP3A4 was examined in primary human hepatocytes treated with
clevidipine at the concentrations of 1, 10, and 100 pM. Clevidipine
was found to be an inducer of CYP3A4, but not of CYP1A2 or CYP2C9,
at the concentration of 10 uM and 100 pM. Using cDNA-expressed en-
zymes, clevidipine inhibited CYP2C9, CYP2C19, and CYP3A4 activities
with IC50 values below 10 uM, whereas CYP1A2, CYP2D6, and CYP2E1
activities were not substantially inhibited and the IC,  values were >
70 uM and little or no inhibition by H152/81 was found for the en-
zyme activities with IC_ values > 69 pM. It is highly unlikely for clevi-
dipine or its metabolite H152/81 to cause cytochrome P450-related
drug interactions when used in the dose range required to manage
hypertension in humans [19]. The pharmacokinetics of clevidipine
has been reviewed. Smith, et al. [20] studied the pharmacokinetics
of clevidipine following the intravenous infusion of clevidipine at the
rate of 2, 4, 8, and 16 mg/h in 61 patients with mild to moderate hy-
pertension.

The peak concentration of clevidipine ranged from 3.36+1.35 to
15.8+4.01 ng/ml and increased with clevidipine dose, the area under
the concentration-time curve of clevidipine ranged from 122456 to
724+246 ng*h/ml and increased with clevidipine dose, the clevidipine
concentration at the stead-state ranged from 1.37+0.70 to 9.20+3.37
ng/ml and increased with clevidipine dose, whereas the total body
clearance, the elimination half-life of the initial phase, and the elim-
ination half-life of the terminal phase remained constant according
to the clevidipine dose and were about 33 L/min, 3 minutes, and 37
minutes, respectively. Ericsson, et al. [21] studied the pharmacokinet-
ics of (-)-R-clevidipine and (+)-S-clevidipine following intravenous
infusion of clevidipine racemate to hypertensive patients. A two-com-
partment model was used to describe the disposition of the enantio-
mers; there were only minor differences between the estimated phar-
macokinetic parameters of the separate enantiomers. The mean total
blood clearance values of (-)-R-clevidipine and (+)-S-clevidipine were
0.103 and 0.096 L/min/kg, respectively, and the distribution volume
at the steady-state was 0.39 and 0.54 L/kg for (-)-R-clevidipine and
for (+)-S-clevidipine, respectively. The elimination of clevidipine con-
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sists in two phases and the elimination half-life of the first phase was
approximately 2 minutes regardless of stereochemical configuration,
and the elimination half-life of the terminal phase was approximately
8 minutes for (+)-R-clevidipine and 11 minutes for (+)-S-clevidipine
and a 90% decline in concentration was achieved approximately 8
minutes post-infusion. Therefore, both enantiomers are high-clear-
ance compounds with similar blood clearance values. The distribu-
tion volume for the enantiomers is slightly different, presumably due
to differences in the protein binding. From a pharmacokinetic point of
view, the use of a single enantiomer as an alternative to the racemic
clevidipine will not offer any clinical advantages.

In conclusion, clevidipine is administered by intravenous infu-
sion. Clevidipine is a third generation dihydropyridine calcium block-
er for intravenous management of moderate to severe hypertension.
Clevidipine is an ultra-short-acting selective arteriolar vasodilator
that acts similar to other L-type dihydropyridine calcium channel
blockers by inhibiting the influx of extracellular calcium into the
vascular smooth muscle. The efficacy and safely of clevidipine, the
treatment of hypertensive patients with clevidipine, and the trials
conducted with clevidipine in hypertensive patients have been re-
viewed. Clevidipine induces adverse-effects in hypertensive patients
such as: atrial fibrillation, headache, vomiting, and acute renal failure
and a study revealed that the adverse-effects induced by clevidipine
occur at a similar rate in patients who received placebo. Clevidipine is
metabolized into the inactive metabolite namely H152/81 and clevi-
dipine induces or inhibits some cytochromes P450. The pharmacoki-
netics of clevidipine have been reviewed. Clevidipine is administered
at the infusion rate of 2, 4, 8, and 16 mg/h and clevidipine elimination
consist in two phases. The initial elimination half-life of clevidipine
is shorter than the terminal elimination half-life of clevidipine. Clevi-
dipine peak concentration, the area under the concentration-time
curve of clevidipine, and the clevidipine concentration at the steady-
state increase with clevidipine dose whereas clevidipine total body
clearance, the elimination half-life the initial and terminal phases do
not vary with clevidipine concentration. Clevidipine consists of two
enantiomers: (-)-R-clevidipine and (+)-S-clevidipine and the elimina-
tion half-life of the initial phase is approximately 2 minutes for both
enantiomers whereas the elimination half-life of the terminal phase
is approximately 8 minutes for (-)-R-clevidipine and 11 minutes for
(+)-S-clevidipine. The aim of this study is to review the clinical phar-
macology of clevidipine.
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