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DRUG EVALUATION

Clevidipine and the management of 
acute hypertension 

One of the most common chronic medical con-
ditions, affecting almost 30% of the population 
over the age of 20 years, and accounting for 
approximately 72 million people in the USA 
alone, is chronic hypertension [1]. While the 
chronic form of hypertension is more common 
than acute hypertension, the management of 
acute hypertension clinically represents a greater 
challenge. More frequent and severe compli-
cations and poorer short-term prognosis are 
common with acute hypertension as opposed 
to chronic hypertension. Acute elevations in 
blood pressure (BP) may result in severe clini-
cal conditions such as hypertensive encephal-
opathy, acute aortic dissection, acute myocar-
dial infarction, acute renal failure, intracranial 
hemorrhage, acute heart failure and eclampsia, 
amongst others [2].

Hypertensive crises are commonly encoun-
tered by emergency department (ED) personnel 
in a clinical setting, occurring in up to 27.5% of 
all nonsurgical emergencies presenting to the ED, 
and up to 3% of all emergency room visits [3].

Some of the most commonly used agents are 
sodium nitroprusside and nitroglycerin. Both 
are intravenous, short-acting vasodilators, used 
in the management of acute hypertension due to 
high vascular resistance; however, both of these 
agents present multiple adverse effects that limit 
their utility [4–7].

Clevidipine is a relatively new ultra-short-
acting, dihydropyridine, calcium channel 
blocker [8]. It is a potent arterial vasodilator due, 

in part, to its selectivity for arteriolar dilatation 
without affecting myocardial contractility, as 
well as its null effect on venous capacitance [9]. 
Its rapid onset of effect, high clearance and small 
volume of distribution make it a promising agent 
for the management of acute severe hypertension 
in situations when tight BP control is a critical 
issue [10].

General aspects of acute 
hypertension
There have been numerous terms used to defi ne 
acute elevations in BP, and ‘hypertensive crises’ 
has been used to defi ne any acute elevation in 
systolic BP (SBP) or diastolic BP (DBP) that 
may, or may not, occur with end-organ dam-
age. The Seventh Joint National Committee 
on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure [11] further 
stated that a hypertensive emergency can be 
defi ned as an acute elevation associated with 
end-organ damage; while an acute elevation of 
SBP and/or DBP without end-organ damage can 
be defi ned as a hypertensive urgency [11].

The differentiation between a hypertensive 
emergency and hypertensive urgency is impor-
tant, since either the presence or absence of 
end-organ damage will dictate the urgency and 
aggressiveness of treatment. In a hypertensive 
emergency, the rapid reduction and control 
of BP is essential to avoid further end-organ 
damage [11], while in a hypertensive urgency the 
BP control can be achieved with the use of oral 
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medications within the fi rst 24–48 h after its 
presentation, with little or no change in fi nal 
outcome [12,13].

Epidemiology
Hypertensive crises can account for 25% or more 
of all medical emergencies presenting in the ED 
[3], and up to 3% of the total visits to the ED, 
therefore making it one of the most commonly 
encountered affl ictions in emergency settings. It 
is estimated that approximately 1% of chronically 
hypertensive patients will experience a hyperten-
sive crisis in their lifetime [14]. Risk factors for 
hypertensive crises include old age, African–
American heritage, male gender, tobacco abuse, 
obesity and diabetes mellitus [15,16]. The mor-
bidity and mortality of hyper tensive crises are 
dependent on the degree of target organ damage, 
adequate BP control and adherence to treatment. 
In the untreated patients, the mortality rate at 
1 year can be as high as 79% [17], and among all 
patients that present with hypertensive crises, 
there is a 5-year survival rate of 74% [18].

Pathophysiology
As with chronic hypertension, the patho physiology 
of a hypertensive crisis is considered to be mul-
tifactorial. The factors that lead to a hyperten-
sive crisis have not been entirely elucidated, but 
include mechanical stress, injury, endothelial 
damage, oxidative stress and renin–angiotensin 
system activation [19].

It is well known that endothelial damage will 
cause the rapid release of humoral agents, most 
noticeably vasoconstrictors that will increase 
systemic vascular resistance, although the ini-
tiating factor is still not well understood [20,21]. 
The resulting increase in BP will, in turn, 
increase the mechanical stress and endothelial 
injury. The subsequent damage to the vascu-
lar endothelium will result in the activation of 
platelets and the coagulation cascade, with the 
subsequent formation on thrombi resulting in 
ischemia, as well as the activation and release 
of proinfl ammatory cytokines such as IL-6, 
vasoactive mediators and the renin–angiotensin 
system. The result of these collective mecha-
nisms can be further hypoperfusion, ischemia 
and end-organ damage [19,22].

Clinical presentation
Patients with a hypertensive emergency usu-
ally present to the ED with a complaint that 
is directly related to the presence of end-organ 
damage; some of the most common clini-
cal presentations include a patient with chest 

pain, dyspnea and changes in mental status [3]. 
It is important to keep in mind that there is no 
specifi c BP that is associated with end-organ 
damage, and the elevation of BP is not the 
only factor contributing to organ damage. 
Moreover, the rate of increase should be taken 
into account [2].

Patients presenting with or as a hyperten-
sive emergency need an immediate reduction 
in BP to reduce the risk of end-organ damage; 
a general goal is to reduce mean arterial pres-
sure (MAP) by 15–20% within the fi rst 2 h 
of treatment. However, in hypertensive urgen-
cies there is no need to achieve a BP control 
as urgently, and the target BP can be achieved 
over a period of 24–48 h [19]. In fact, rapid 
reduction can result in a marked decrease in 
tissue perfusion, which can result in ischemia 
or infarction [23–26].

Most individuals presenting to the hospital 
with chronic hypertension and an elevated BP 
exhibit a rightward shift of the pressure/fl ow 
autoregulation curve with no acute end-organ 
damage [27]. Vascular injury leads to platelet and 
fi brin deposition, breakdown of normal auto-
regulation and, with ischemia, the release of 
vasoactive substances [27]. Altered autoregulation 
also occurs in patients with acute severe hyper-
tension, and since end-organ damage is already 
present, rapid and excessive correction of the 
BP can further reduce perfusion and propagate 
further injury [1].

Operative & postoperative 
hypertension
A hypertensive crisis may present during any sur-
gical setting, especially during cardiac surgery, 
major vascular surgery (i.e., carotid endarter-
ectomy and aortic surgery), neurosurgery, 
head and neck surgery, renal transplantation 
and major trauma (e.g., burns or head injury). 
Postoperative hypertension (BP ≥ 190 mmHg 
and/or a diastolic BP of 100 mmHg on two con-
secutive readings following surgery) [28,29] could 
result in creating signifi cant adverse sequelae in 
both cardiac and noncardiac patients. Depending 
upon the population examined, the incidence of 
post operative hypertensive crises varies from 4 
to 35% of patients shortly after a surgical pro-
cedure [30–32]. Greater attention should be given 
to precise perioperative BP control, as excursions 
outside a targeted BP range have been shown to 
be correlated with an increased risk of 30-day 
mortality [33]. Individual consideration must be 
given to this clinical syndrome due to the unique 
factors in the postoperative period and the 
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transient nature itself of postoperative hyperten-
sion. Patients with perioperative hyper tension, as 
with other forms of severe hypertension, usually 
have a history of hypertension.

Initial management
There are numerous drugs that are commonly 
utilized for the management of acute hyper-
tension, but among currently available drugs, 
none have the ideal combination of vascular 
selectivity, rapid onset and fast termination 
of action, with a low incidence of side effects. 
Nitroprusside and nitroglycerin are both short-
acting intravenous vaso dilators; nitroprusside 
has long been the most commonly used drug 
for hypertensive crises due to its rapid onset of 
effects and well-demonstrated effi cacy, but its 
use has been decreasing due to severe disadvan-
tages such as low arteriolar selectiveness, toxicity 
and severe side effects such as tachyphylaxis, 
refl ex tachycardia and rebound hypertension 
[34]. Nitroglycerin has never been considered 
a fi rst-line treatment for the management of 
acute hypertension due to lower effi cacy than 
nitroprusside and other medications, and its 
known role in causing hypotension and refl ex 
tachycardia [1,17,19].

Another group of medications currently avail-
able for acute BP control is the calcium chan-
nel blockers, particularly those of the dihydro-
pyridine class. These agents have a demonstrated 
effi cacy and vascular selectivity; however, many 
of the currently available medications such as 
nicardipine have a long half-life and prolonged 
effect that typically last from 4 to 6 h, which is 
not advantageous [17].

Role of clevidipine
Clevidipine is the latest generation calcium 
channel blocker of the dihydropyrimidine 
family, with characteristics of arterial selectiv-
ity, extremely rapid onset of action and high 
clearance [9,35–37].

Pharmacokinetics
Clevidipine is structurally similar to other dihy-
dropyridines, but has an extra ester link that 
allows its rapid hydrolyzation to its inactive 
carboxylic acid metabolite in the blood (<10% 
total elimination) and extravascular tissues. 
Clevidipine is excreted principally through urine 
and fecal pathways (FIGURE 1) [36]. This results in a 
high clearance value (median blood clearance is 
0.125 l/min-1/kg-1 [37]), coupled with the small 
volume of distribution of 0.51–0.58 l/kg-1, result-
ing in an ultra-short half-life of approximately 

1 min (TABLE 1) [10,37]. This short half-life allows a 
more rapid titration to the desired effect, as the 
drug rapidly achieves steady blood concentra-
tions after the infusion is initiated [38,39], and 
has a negligible effect on BP after the infusion 
has ended [8]. Clevidipine does not inhibit or 
induce any cytochrome P450 (CYP) enzyme, 
and exhibits no clinically relevant drug interac-
tions [101]. Therefore, clevidipine is well toler-
ated when used concomitantly with β-blockers 
and other antihypertensive agents.

Pharmacodynamics
Clevidipine has a rapid onset of effect in 
2–3 min [37] and exerts its effect by inhibition of 
transmembrane infl ux of calcium ions through 
the voltage-dependent l-type calcium channels 
[40]. Like other drugs of the dihydropyridine 
family, such as nicardipine and nifedipine, a key 
characteristic of clevidipine is its arterial dila-
tion selectivity. This allows for the rapid reduc-
tion of BP by reducing vascular resistance, but 
without venous dilation, thereby not affecting 
preload; thus, having minimal effect on cardiac 
function, it will not affect stroke volume, car-
diac output or heart rate [41], making it safe to 
use in patients with renal or hepatic dys function 
without dose adjustment. Clevidipine is formu-
lated and administered in a lipid emulsion, but 
has shown no negative net effects on serum 
triglyceride levels.

Blood pressure reduction with clevidipine is 
rapidly reversed after discontinuation or reduc-
tion of the infusion. In most patients, full recov-
ery of blood pressure is achieved in 5–15 min 
after the infusion is stopped [101]. In a recent 
study that compared clevidipine with sodium 
nitroprusside, there was a signifi cantly greater 
(p < 0.001) increase in heart rate in patients 
treated with nitroprusside, resulting in a greater 
demand for oxygen and a greater risk for myo-
cardial ischemia [34]. Clevidipine is not associated 
with coronary steal or ischemia.

Table 1. Pharmacology of clevidipine.

Characteristic Value

Class Dihydropyridine

Pharmacokinetics

Metabolism Ester hydrolysis in blood
Metabolite Inactive carboxylic metabolite H152/81
Plasma protein binding >99.5%
Volume of distribution 0.51–0.58 l/kg-1

Half-life Phase 1 = 1.6
Phase 2 = 15.5

Blood clearance 0.105 l/min-1/kg-1
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Clinical trials
ESCAPE-1 �

Recent trials include the Efficacy Study 
of Clevidipine Assessing Its Preoperative 
Antihypertensive Effect in Cardiac Surgery 
(ESCAPE-1), a trial in which 105 patients sched-
uled for cardiac surgery that either had or recently 
had hypertension were randomized into two 
groups in which one received a 0.4–0.8 µg/kg/min 
infusion of clevidipine, while the other group 
received an infusion of 20% lipid emulsion. The 
clevidipine group had a signifi cantly lower rate of 
treatment failure (failure to reduce SBP by more 
than 15% from the baseline BP or the termina-
tion of infusion) than the placebo group (7.5 vs 
82.7%; p < 0.0001). Clevidipine patients reached 
the targeted BP at a median time of 6 min, while 
the median time for placebo patients could not be 
determined due to the small number of patients 
who actually reached the target BP [35]. In this 
and other studies, clevidipine reduced BP to target 
in more than 90% of patients with perioperative 
hypertension [35,42]. The authors concluded that 
clevidipine was effective in rapidly decreasing 
blood pressure preoperatively to targeted blood 
pressure levels, and was well-tolerated in patients 
scheduled for cardiac surgery.

ESCAPE-2 �
The Effi cacy Study of Clevidipine Assessing Its 
Postoperative Antihypertensive Effect in Cardiac 
Surgery-2 (ESCAPE-2) is a double-blind, pla-
cebo-controlled trial that examined and com-
pared the effi cacy and safety of clevidipine in the 
setting of hypertension in post-cardiac surgery 
patients. The trial consisted of 110 patients that 
met criteria for post-operative hypertension who 
were randomized to receive either 0.4–0.8 µg/
kg/min or a 20% lipid emulsion for 30 min 
to a maximum of 1 h. The clevidipine group 
had a signifi cantly better success rate (91.8%; 
p < 0.0001), defi ned as the absence of treatment 

failure, than the placebo group, which had a suc-
cess rate of just 20.4%. The clevidipine-treated 
group also showed a considerably greater reduc-
tion in MAP than the placebo group 2 min after 
the respective infusion was started (p = 0.0004 ): 
-5.9%, which equates to -5.7 mmHg, in the cle-
vidipine group, versus -0.1%, which corresponds 
to a decrease in 0.1 mmHg, in the placebo group. 
The increased effi cacy of clevidipine is more evi-
dent when comparing the greatest mean change: 
in the clevidipine group there was a reduction 
of 28.1 mmHg, compared with a reduction of 
-8.9 mmHg in the placebo group (p < 0.0001) 
[43]. In ESCAPE-2, it was demonstrated that 
clevidipine was effective and safe in the rapid 
treatment of acute postoperative hypertension 
after cardiac surgery.

VELOCITY �
The Prolonged Infusion of Clevidipine Results 
in Safe and Predictable Blood Pressure Control 
in Patients with Acute Severe Hypertension 
(VELOCITY) trial consisted of an open-label, 
single-arm, multicenter study of 126 patients 
who presented to the ED or intensive care unit 
with acute hypertension. The goal of the study 
was to determine the percentage of patients 
whose SBP dropped below a preset intended tar-
get with an initial dose of 2 mg/h within 3 min 
(safety end point, i.e., overshoot), as well as the 
percentage that reach an individualized target 
range within 30 min (effi cacy end point). In 
this trial, clevidipine showed a rapid and effec-
tive reduction in BP, with a decrease of 6% 
(i.e., 12 mmHg) within the 3-min mark, and 
a reduction of 15% within 9.5 min. The trial 
also demonstrated the effi cacy of clevidipine 
in a relatively long-term infusion, with a 27% 
(i.e., 55 mmHg) reduction in BP at 18 h after the 
initiation of the infusion [44]. The 18 h was pre-
specifi ed by study design. Likewise, VELOCITY 
demonstrated that clevidipine is safe and effec-
tive in subsets of patients with severe hyperten-
sion and heart failure or renal dysfunction. This 
data is consistent with data obtained from the 
ESCAPE trials, which showed a fi rst reduction 
of 15% from the baseline at a median time of 
6 min in the ESCAPE-1 trial, and 5.3 min in 
ESCAPE-2. The authors concluded that cle-
vidipine, dosed in a non-weight-based manner, 
was safe and effective in a cohort of patients 
with severe hypertension at a starting dose of 
2 mg/h, followed by simple titration during 18 h 
or more of continuous infusion. Patients were 
effectively managed via simple blood pressure 
cuff monitoring throughout.
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Figure 1. Clevidipine.
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ECLIPSE �
The Evaluation of Clevidipine in the 
Perioperative Treatment of Hypertension 
Assessing Safety Events (ECLIPSE) evaluated 
1964 cardiac surgical patients who were enrolled 
in three random groups assigned to compare 
the clevidipine to three intravenous antihyper-
tensive drugs: nicardipine, nitroglycerin and 
nitroprusside. Prior to the surgery, the patient’s 
BP was monitored and the drug was adminis-
tered if needed. The investigators determined 
the ‘BP excursions’, which were defi ned as how 
long and how much the systolic BP was over or 
under the predetermined BP ranges that were 
considered acceptable for each patient [42]. In 
all three trials, clevidipine was superior in pro-
viding BP control, with almost half of the BP 
excursion in relation to the other three agents 
(3.8 vs 7.8 mmHg × min/h), as well as the nar-
rowest SBP range both pre- and post-operatively 
and during surgery, with 105–145 mmHg and 
93–135 mmHg, respectively.

Clevidipine had almost half the BP excur-
sions that nitroglycerin and nitroprusside had, 
with 4.14 vs 8.87 mmHg × min/h and 4.37 vs 
10.5 mmHg × min/h, respectively. When com-
pared with nicardipine, there was no important 
difference in the pre-/post-operative period in BP 
excursions (1.76 mmHg × min/h vs 1.79 mmHg 
× min/h) [42]. Moreover, clevidipine reduced BP 
to target in more than 90% of patients with peri-
operative hypertension [35,42]. The ECLIPSE trial 
also demonstrated that clevidipine not only offers 
better BP control, but also showed a noticeable 
decrease in mortality when compared with nitro-
prusside, with a death rate of 1.7% for clevidipine 
versus 4.7% for nitroprusside at 30 days post-
operative. There were no signifi cant differences 
with regards to stroke, heart attack or kidney dam-
age [42]. In this study, it was demonstrated that 
clevidipine was a safe and effective treatment for 
acute hypertension in patients undergoing cardiac 
surgery, and afforded more precise and titratable 
BP control compared with sodium nitroprusside 
or nitroglycerin.

Adverse effects
Clevidipine has also been shown to be a well-
tolerated drug, with almost no reported adverse 
effects in the various trials. The ESCAPE-1 and 
-2 trials demonstrated that the most notable 
adverse effect was the increase in heart rate, 
which was relatively small and had no clinical 
signifi cance. The VELOCITY trial reported no 
serious adverse events and, most importantly, no 
episodes of rebound hypertension. Other adverse 

effects reported were fl ushing, headache, fever, 
atrial fi brillation, acute renal failure and nausea 
(TABLE 2) [35]. In the ECLIPSE trial, there were 
no differences in death or adverse outcomes at 
the time of hospital discharge or day 7 among 
any of the treatment groups. Across all pivotal 
studies, it has been determined that clevidipine 
is a safe and effective treatment for patients with 
severe hypertension, those scheduled for cardiac 
surgery, those with acute hypertension undergo-
ing cardiac surgery, and in the rapid treatment 
of acute postoperative hypertension after cardiac 
surgery [35,42–44].

Clevidipine dosing
Clevidipine is easy to use and is initiated with 
a non-weight-based starting dose, followed by 
simple titration to a target BP. It may be admin-
istered as a loading dose of 1–2 mg, followed 
by repeated incremental doubling of the dose at 
90 s intervals until the desired BP is achieved. 
As the BP approaches goal, it is advised to 
increase the dose by less than doubling, and 
lengthen the time between dose adjustments to 
every 5–10 min. An increase of approximately 
1-2 mg/h will generally produce an additional 
2–4 mmHg decrease in systolic pressure. The 
desired therapeutic response for most patients 
occurs at doses of 4–6 mg/h. Patients with severe 
hypertension may require doses up to 32 mg/h 
[101]. Clevidipine is administered by either a cen-
tral or peripheral line, providing convenience 
and fl exibility. When treatment with clevidipine 
is no longer required, patients can be easily and 
successfully transitioned to oral therapy.

Conclusion
Clevidipine has an extremely fast onset and off-
set of action and arteriolar selectivity. It is easy 
to use and is initiated with a non-weight-based 
starting dose, followed by simple titration to a 
target BP. Reduction in BP with clevidipine is 
rapidly reversed after discontinuation or reduc-
tion of the infusion. Structurally, it is similar 
to other agents of the dihydropyridine family, 
but contains an extra ester link that allows the 

Table 2. Frequency of adverse effects.

Adverse effect Frequency (%)

Flushing 40

Fever 18.9

Atrial fi brillation 13.2

Acute renal failure 9.4

Nausea 5.7
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rapid hydrolyzation in blood and extravascular 
tissues. As clevidipine is a pure afterload reducer, 
it does not affect central venous pressure. Studies 
show clevidipine is well-tolerated and effective in 
patients with severe hypertension and heart fail-
ure or renal dysfunction. In addition, clevidipine 
can be simply and safely monitored with a blood 
pressure cuff, reducing the need for more inva-
sive monitoring. These characteristics, coupled 
with its small volume of distribution, result in 
the rapid and easy titration to the desired effect, 
making clevidipine clearly superior to other 
agents commonly used in the management of 
acute hypertension.

Clevidipine is a promising new agent that 
has been shown to be highly effective in rapidly 
lowering BP. It has also been proven to be well-
tolerated with only minor side effects. It com-
bines the rapid onset of action of commonly used 
nitroprusside with the vascular selectivity and 
safety of nicardipine.

Future perspective
With an estimated worldwide prevalence of up 
to 1 billion people, chronic hypertension is by 
far one of the most common diseases. Acute 
hypertension will affect approximately 1% of 
these patients. The therapies previously available 
for the managment of hypertensive crises are less 
than ideal. Some medications, such as nitrop-
russide, although quite effective in controlling 
BP, are plagued by severe adverse effects, while 
others such as nifedipine are hindered by a long 
onset and termination of action.

Trials such as ESCAPE-1, ESCAPE-2, 
VELOCITY and ECLIPSE have demonstrated 
that clevidipine is not only an extremely effective 
drug in controlling BP, but is also safe and well 
tolerated. There is no doubt that clevidipine, with 
its rapid onset and termination of action, effi cacy 
and safety, is a promising agent that will greatly 
impact the prognosis, morbidity and mortality of 
patients with acute severe hypertension.

Executive summary

Introduction
Acute elevations in blood pressure (BP) can result in hypertensive encephalopathy, acute aortic aneurysm, myocardial infarction, renal  �
failure and heart failure.

General aspects of acute hypertension
Hypertensive urgency is an acute elevation in BP with no end-organ damage. �
A hypertensive crisis is an acute elevation in BP associated with end-organ damage. �

Epidemiology
Hypertensive crises account for more than 25% of all medical emergencies presenting to the emergency department. �
Approximately 1% of chronic hypertensive patients will experience a hypertensive crisis. �

Pathophysiology
Factors that lead to hypertensive crises include: mechanical stress, endothelial damage, oxidative stress and renin–angiotensin  �
system activation.

The role of clevipidine: pharmacokinetics
Similar to other dihydropyridines, but with an extra ester link that allows rapid hydrolyzation in the blood. �
High clearance rate and small volume of distribution result in a half life of 1–3 min. �
Allows the rapid titration to desired effect and rapid offset of action. �

The role of clevidipine: pharmacodynamics
The main characteristics of clevidipine include: arterial dilation selectivity, which allows for the rapid reduction of BP without affecting  �
preload and cardiac function.

ESCAPE-1
Clevidipine showed a signifi cantly lower rate of treatment failure than placebo (7.5 vs 82.7%). �
Clevidipine patients reached the target BP in a median time of 6 min. �

ESCAPE-2
Patients in the clevidipine group showed a mean arterial pressure reduction of 5.9% within 2 min of infusion, with a maximum  �
reduction of 28.1 mmHg.

VELOCITY
Clevidipine patients had a reduction in mean arterial pressure of 6% within 3 min, 15% at 9.5 min and 27% at 18 h after start  �
of infusion.

ECLIPSE
Clevidipine was superior in providing BP control, with almost half the BP excursions when compared with nitroprusside, nicardipine and  �
nitroglycerin.
When compared with nitroprusside, clevidipine provided a signifi cant reduction of mortality: 1.7 vs 4.7%. �



www.futuremedicine.com 757future science group

Clevidipine & acute hypertension DRUG EVALUATION

Financial & competing interests 
disclosure
Dr Varon has received honoraria for lectures from 
PDL Pharmaceuticals and The Medicines Company, 
and has served as a consultant for The Medicines 
Company. The authors have no other relevant affi lia-
tions or fi nancial involvement with any organization 
or entity with a fi nancial interest in or fi nancial con-
fl ict with the subject matter or materials discussed in 
the manuscript apart from those disclosed.

The authors would like to thank Richard Pistolese 
for his assistance in the preparation and review of 
this manuscript. No other writing assistance was 
utilized.

Bibliography
Varon J: Treatment of acute severe 1 

hypertension: current and newer agents. 
Drugs 68, 283–297 (2008).

Marik PE, Varon J: Hypertensive crises: 2 

challenges and management. Chest 131, 
1949–1962 (2007).

Zampaglione B, Pascale C, Marchisio M, 3 

Cavallo-Perin P: Hypertensive urgencies and 
emergencies. Prevalence and clinical 
presentation. Hypertension 27, 144–147 (1996).

Kaplan JA, Finlayson DC, Woodward S: 4 

Vasodilator therapy after cardiac surgery: 
a review of the effi cacy and toxicity of 
nitroglycerin and nitroprusside. Can. Anaesth. 
Soc. J. 27, 254–259 (1980).

Amaranath L, Kellermeyer WF Jr: 5 

Tachyphylaxis to sodium nitroprusside. 
Anesthesiology 44, 345–348 (1976).

Khambatta HJ, Stone JG, Khan E: 6 

Hypertension during anesthesia on 
discontinuation of sodium nitroprusside-
induced hypotension. Anesthesiology 51, 
127–130 (1979).

Benumof JL: Hypoxic pulmonary 7 

vasoconstriction and infusion of sodium 
nitroprusside. Anesthesiology 50, 481–483 
(1979).

Vuylsteke A, Milner Q, Ericsson8  H et al.: 
Pharmacokinetics and pulmonary extraction 
of clevidipine, a new vasodilating ultrashort-
acting dihydropyridine, during 
cardiopulmonary bypass. Br. J. Anaesth. 85, 
683–689 (2000).

Kieler-Jensen N, Jolin-Mellgård A, 9 

Nordlander M, Ricksten SE: Coronary and 
sustemic hemodynamic effects of clevidipine, 
an ultra-short-acting calcium antagonist, for 
treatment of hypertension after cardiac 
surgery. Acta Anaesth. Scand. 44, 7 (2000).

Bailey JM, Lu W, Levy10  JH et al.: Clevidipine in 
adult cardiac surgical patients: a dose-fi nding 
study. Anesthesiology 96, 1086–1094 (2002).

Chobanian AV, Bakris GL, Black11  HR et al.: 
Seventh report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure. Hypertension 42, 1206–1252 (2003).

Ferguson RK, Vlasses PH: Hypertensive 12 

emergencies and urgencies. JAMA 255, 
1607–1613 (1986).

Kaplan NM: Treatment of hypertensive 13 

emergencies and urgencies. Heart Dis. Stroke 
1, 373–378 (1992).

Kincaid-Smith P, McMichael MJ, 14 

Murphy EA: The clinical course and 
pathology of hypertension with papilloedema 
(malignant hypertension). Q. J. Med. 27, 
117–153 (1958).

Bennett NM, Shea S: Hypertensive 15 

emergency: case criteria, sociodemographic 
profi le, and previous care of 100 cases. Am. 
J. Public Health 78, 636–640 (1988).

Lip GY, Beevers M, Potter JF, Beevers DG: 16 

Malignant hypertension in the elderly. Q. 
J. Med. 88, 641–647 (1995).

Varon J, Marik PE: Clinical review: the 17 

management of hypertensive crises. Crit. Care 
7, 374–384 (2003).

Lip GY, Beevers M, Beevers DG: 18 

Complications and survival of 315 patients 
with malignant-phase hypertension. 
J. Hypertens. 13, 915–924 (1995).

Haas AR, Marik PE: Current diagnosis and 19 

management of hypertensive emergency. 
Semin. Dial. 19, 502–512 (2006).

Ault MJ, Ellrodt AG: Pathophysiological 20 

events leading to the end-organ effects of 
acute hypertension. Am. J. Emerg. Med. 3, 
10–15 (1985).

Wallach R, Karp RB, Reves JG, Oparil S, 21 

Smith LR, James TN: Pathogenesis of 
paroxysmal hypertension developing during 
and after coronary bypass surgery: a study of 
hemodynamic and humoral factors. Am. 
J. Cardiol. 46, 559–565 (1980).

Varon J, Strickman NE: Diagnosis and 22 

treatment of hypertensive crises in the elderly 
patients. J. Geriatr. Cardiol. 4, 50–55 (2007).

Prisant LM, Carr AA, Hawkins DW: 23 

Treating hypertensive emergencies. 
Controlled reduction of blood pressure and 
protection of target organs. Postgrad. Med. 93, 
92–96, 101–104, 108–110 (1993).

Bannan LT, Beevers DG, Wright N: ABC of 24 

blood pressure reduction. Br. Med. J. 281, 
921–923 (1980).

Bertel O, Marx BE, Conen D: Effects of 25 

antihypertensive treatment on cerebral 
perfusion. Am. J. Med. 82, 29–36 (1987).

Reed WG, Anderson RJ: Effects of rapid 26 

blood pressure reduction on cerebral blood 
fl ow. Am. Heart J. 111, 226–228 (1986).

Varon J, Marik PE: The diagnosis and 27 

management of hypertensive crises. Chest 118, 
214–227 (2000).

Chobanian AV, Bakris GL, Black28  HR et al.: 
The Seventh Report of the Joint National 
Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure: the JNC 7 report. JAMA 289, 
2560–2572 (2003).

Plets C: Arterial hypertension in 29 

neurosurgical emergencies. Am. J. Cardiol. 63, 
40C–42C (1989).

Halpern NA, Alicea M, Krakoff LR, 30 

Greenstein R: Postoperative hypertension: a 
prospective, placebo-controlled, randomized, 
double-blind trial, with intravenous 
nicardipine hydrochloride. Angiology 41, 
992–1004 (1990).

Prys-Rroberts C: Anaesthesia and 31 

hypertension. Br. J. Anaesth. 56, 711–724 
(1984).

Gal TJ, Cooperman LH: Hypertension in the 32 

immediate postoperative period. 
Br. J. Anaesth. 47, 70–74 (1975).

Aronson S, Dyke CM, Stierer33  KA et al.: 
The ECLIPtrials SE: comparative studies of 
clevidipine to nitroglycerin, sodium 
nitroprusside and nicardipine for acute 
hypertension treatment in cardiac surgery 
patients. Anesth. Analg. 107, 1110–1121 
(2008).

Powroznyk AV, Vuylsteke A, Naughton34  C 
et al.: Comparison of clevidipine with sodium 
nitroprusside in the control of blood pressure 
after coronary artery surgery. Eur. 
J. Anaesthesiol. 20, 697–703 (2003).

Levy JH, Mancao MY, Gitter35  R et al.: 
Clevidipine effectively and rapidly controls 
blood pressure preoperatively in cardiac 
surgery patients: the results of the 
randomized, placebo-controlled effi cacy study 
of clevidipine assessing its preoperative 
antihypertensive effect in cardiac surgery-1. 
Anesth. Analg. 105, 918–925 (2007).

Rodriguez Gabriela, VJ: Clevidipine: a 36 

unique agent for the critical. Critical Care & 
Shock 9, 4 (2006).

Ericsson H, Fakt C, Jolin-Mellgard37  A et al.: 
Clinical and pharmacokinetic results with a 
new ultrashort-acting calcium antagonist, 
clevidipine, following gradually increasing 
intravenous doses to healthy volunteers. Br. 
J. Clin. Pharmacol. 47, 531–538 (1999).

Levy JH, Huraux C, Nordlander M: 38 

Treatment of perioperative hypertension. 
In: Calcium Antagonists in Clinical Medicine. 
Epstein M (Ed.). Hanely and Belfus, 
Philadelphia, PA, USA, p345–358 (1997).

Friederich JA, Butterworth JF 4th: Sodium 39 

nitroprusside: twenty years and counting. 
Anesth. Analg. 81, 152–162 (1995).



Therapy (2008) 5(6)758 future science group

DRUG EVALUATION Varon & Angeles

Nordlander M, Sjoquist PO, Ericsson H, 40 

Ryden L: Pharmacodynamic, 
pharmacokinetic and clinical effects of 
clevidipine, an ultrashort-acting calcium 
antagonist for rapid blood pressure control. 
Cardiovasc. Drug Rev. 22, 227–250 (2004).

Kieler-Jensen N, Jolin-Mellgard A, 41 

Nordlander M, Ricksten SE: Coronary and 
systemic hemodynamic effects of clevidipine, 
an ultra-short-acting calcium antagonist, for 
treatment of hypertension after coronary 
artery surgery. Acta Anaesthesiol. Scand. 44, 
186–193 (2000).

Aronson S, Dyke C, Stierer42  K et al.: 
The ECLIPTrials SE: Comparative studies of 
clevidipine to nitroglycerin, sodium 
nitroprusside, and nicardipine for acute 
hypertension treatment in cardiac surgery 
patients. Anesth. Analg. 107(4), 1110–1121 
(2008).

Singla N, Warltier DC, Gandhi43  SD et al.: 
Treatment of acute postoperative hypertension 
in cardiac surgery patients: an effi cacy study 
of clevidipine assessing its postoperative 
antihypertensive effect in cardiac surgery-2 
(ESCAPE-2), a randomized, double-blind, 
placebo-controlled trial. Anesth. Analg. 107, 
59–67 (2008).

Pollack, CV, Varon J, Garrison NA, 44 

Ebrahimi R, Dunbar L, Peacock WF 4th: 
Clevidipine, an intravenous dihydropyridine 
calcium channel blocker, is safe and effective 
for the treatment of patients with acute severe 
hypertension. Ann. Emerg. Med. (2008) 
(Epub ahead of print).

Website �
The Medicines Company, I: Cleviprex™ 101 

(clevidipine butyrate) prescribing information 
(online) (updated 2008 August; cited 25 
August 2008)
www.cleviprex.com/media/ClevidipinePI.pdf



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


