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Abstract Hypertension is an increasingly prevalent chronic
illness. The condition may present as a hypertensive crisis,
and this entity may be further categorized as either hypertensive emergency or urgency. As the presentation is quite variable and is dependent upon the specific end-organ injury, a
thorough history and examination are necessary. Once the
underlying pathology is known, a target blood pressure can
be determined and a specific therapeutic agent selected. The
choice of most appropriate agent must take into consideration
coexisting morbidities, desired rate of blood pressure decline,
monitoring capabilities of the environment, and experience of
the clinician. In hypertensive emergencies, the therapeutic
goal is to protect remaining end-organ function, reduce the
risk of complications, and thereby improve patient outcomes.
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Introduction
Hypertension remains a major health problem in the United
States, affecting nearly 30 % of the population over 20 years
of age [1]. Between 2005 and 2008, 68 million Americans met
the criteria for diagnosis of hypertension [2]. The clinical
entity is not uniformly distributed among the population,
occurring twice as often in black compared to white
Americans, and more commonly in men than women [3, 4].
The World Health Organization has estimated that by the year
2025, the number of individuals with hypertension will have
risen to 1 billion or greater, and that at least 1 % of these
patients will experience an acute hypertensive episode requiring hospitalization [5].
Hypertensive emergencies were first described in 1914 in
patients with severe hypertension and signs of vascular damage to the heart, brain, kidney, and retina [6]. These individuals usually had a fatal course ending in myocardial infarction,
stroke, or renal failure. Keith and colleagues published the
first description of the natural history of hypertensive emergencies, reporting a one-year mortality rate in excess of 79 %
and median survival of 10.5 months if untreated [7].
Before the development of effective antihypertensive therapy, up to 7 % of hypertensive patients had at least one episode
of hypertensive emergency, and today, despite advances in
treatment, 1–2 % of patients will have an episode in their
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lifetime. In 2025, assuming that estimates for world population and hypertension prevalence remain stable, more than 47
million patients will develop a hypertensive emergency.

Definition of Hypertensive Crisis
The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC-7) defined hypertensive crisis as a systolic blood pressure (SBP) level≥180 mmHg and/or a diastolic blood pressure (DBP) level ≥120 mmHg [8]. Hypertensive
crisis is further divided into two categories based upon evidence of target-organ damage. If end-organ damage is present,
the condition is classified as hypertensive emergency.
Hypertensive crisis without evidence of organ damage is
classified as hypertensive urgency. This differentiation has a
profound impact on implications for treatment and prognosis.
As these entities were not addressed in the more recent JNC-8,
current recommendations are based on JNC-7 guidelines,
subspecialty consensus statements, and recent clinical trial
data [9•].
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Table 1 Examples of Hypertensive Crises
Eclampsia
HELLP Syndrome (Hemolysis,
Elevated Liver enzymes, and Low
Platelets)
Acute renal failure

Severe pre-eclampsia
Acute coronary syndrome
Dissecting aortic aneurysm

Acute postoperative hypertension

Acute left ventricle failure with
pulmonary edema

Hypertensive encephalopathy

Acute myocardial infarction/
unstable angina pectoris

Intracerebral hemorrhage

Pulmonary edema with
respiratory failure

Microangiopathic hemolytic anemia

several hours. It is suggested to reduce BP over a period of
24–48 hours with oral medications, usually a short-acting
agent (angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker), followed by several hours
of observation [9•].

Pathophysiology and Choice of Antihypertensive Agent
Hypertensive Emergencies
As noted above, hypertensive emergencies are characterized
by elevation of BP accompanied by target-organ dysfunction.
Evidence of organ dysfunction is not common in patients with
a DBP <130 mmHg (excluding pregnant patients and children). Upon diagnosis, immediate action must ensue to reduce
BP as soon as possible. However, BP reduction should be
made in a controlled fashion, and not aimed at normalizing the
BP, as this can exacerbate target-organ damage [10–12].
Parenteral drug therapy and intensive-care monitoring are
critical for the patient who presents with complications such
as hypertensive encephalopathy, aortic dissection, acute myocardial infarction, and acute kidney injury (Table 1). While
patients who develop hypertensive emergencies typically
have chronically elevated BP, this can be a de novo presentation if the patient suffers conditions such as preeclampsia or
acute glomerulonephritis [10–13]. The BP level itself may not
be as important as the rate of elevation, [14] and a patient with
a chronic history of hypertension can tolerate higher levels
than a previously normotensive patient [10, 15].

Hypertensive Urgencies
Hypertensive urgencies are severe elevations of BP with no
target-organ dysfunction. A majority of these patients present as a result of noncompliance or inadequate treatment
[16]. In these individuals, BP control can be achieved over

Determining the appropriate antihypertensive agent requires
an understanding of the pathophysiology of hypertension.
Regardless of etiology, the common mediator in all of these
crises is humorally mediated peripheral vasoconstriction, and
while the most common cause is medication non-compliance,
other factors can trigger this response. This vasoconstriction
leads to endothelial injury, and activation of platelet and
coagulation cascade [17]. The latter deposit of fibrin may
explain why, with marked elevations of the BP, fibrinoid
necrosis may follow. This chain of events can lead to ischemia, and consequently further release of vasoactive mediators
[18]. Excessive renin production by the kidneys stimulates
production of angiotensin II, which further increases vascular
resistance and the production of proinflammatory cytokines,
raising systemic BP [19]. Other factors such as endothelial
dysfunction, platelet aggregation, and reactive oxygen species
lead to vasoconstriction by decreasing the production of nitric
oxide, and in doing so, inhibiting small-vessel dilation [18].

Clinical Presentation and Initial Evaluation
Chronic hypertension is the most common precipitating factor
in hypertensive emergency [13], and the presentation is directly related to the particular end-organ that is being affected
[12]. Some authors have reported common presenting symptoms of chest pain, followed by dyspnea and neurologic
deficits [20]. When a patient presents with a hypertensive
crisis, particular consideration should be given to prior BP
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control, anti-hypertensive medications (including last dose),
and use of recreational drugs in the history of the present
illness [12]. The physical examination must include serial
BP measurements in both arms, lung and heart auscultation,
renal artery auscultation, neurologic evaluation, and fundoscopic evaluation [20, 21]. Symptoms that are as vague as
headache or altered mental status can indicate hypertensive
encephalopathy [22]. If the patient presents with severe chest
or back pain and unequal pulses in the upper extremities,
aortic dissection is a major concern, and imaging studies
should be obtained as soon as possible to rule out this pathology [23–25]. Electrocardiogram and cardiac enzymes are a
part of the initial workup in patients that have shortness of
breath or chest pain [26]. A 2D echocardiogram is useful if
acute cardiac failure (or exacerbation of chronic cardiac failure) is suspected [27].

Initial Management
As altered auto-regulation is present in hypertensive emergencies, a continuous infusion of a short-acting titratable
antihypertensive agent is the preferred method of treatment
to prevent further damage [10–12, 28, 29••]. Intensive care
unit (ICU) monitoring and, in some patients, intra-arterial BP
monitoring is prudent [30]. There is no consensus with regard
to first-line agent, and the choice is dictated by the affected
target-organ. The goal is to reduce BP by 10–15 % over a
period of 30–60 minutes, with the exception of the patient
that presents with aortic dissection or acute intracranial bleed,
in whom BP must be reduced within 5–10 minutes or to a
target SBP <140 mmHg and mean arterial pressure
<80 mmHg [31•, 32•].

Pharmacologic Agents
There are a variety of agents that are recommended for patients presenting with a hypertensive emergency [30]. The
following drugs are presented with a focus on mechanism of
action and trials that led to the proposed use, in no specific
order [33•].
Direct Vasodilators
Hydralazine An older antihypertensive agent, hydralazine has
a greater effect on the diastolic than the systolic BP [34]. It is
short-acting and increases renal blood flow [35]. The onset of
action is 5–25 minutes, with a half-life of three hours, but its
effect on BP is much longer (up to 12 hours). While it is a
good option for patients with impaired renal function, it
should not be used in patients with aortic aneurysm or with
potential ischemic heart disease, as it increases myocardial
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contractility. Although commonly used in the past and still
recommended in texts, hydralazine is an agent that some
suggest should be avoided in pregnancy due to potential
maternal-fetal complications, including decreased
uteroplacental blood flow [36].
Fenoldopam This drug acts on the peripheral dopamine-1
receptors, causing renal artery vasodilation by activating this
receptor on the proximal and distal tubes [35]. It is metabolized in the liver without cytochrome P450 enzyme involvement. The renal effects promote natriuresis (inhibiting sodium
reabsorption) and therefore diuresis [37]. Fenoldopam has an
onset of action of five minutes and peak action at 15 minutes.
The effect lasts from 30–60 minutes, and the half-life is five
minutes [38, 39]. The initial dose is 0.1 μg/kg/min, and this
can be increased by 0.05–0.1 μg/kg/min to a maximum dose
of 1.6 μg/kg/min. Side effects included tachycardia and increased intraocular pressure. As such, it is not the agent of
choice in patients with myocardial ischemia, glaucoma, or
intracranial hypertension. Another caveat is that this agent is
mixed in a solution that contains sodium met bisulfate, and
allergic reactions have been reported [10–12, 29••].

Nitrates
Sodium nitroprusside This agent was considered the goldstandard in the past [40]. It is an arterial and venous vasodilator that decreases both afterload and preload. The IV infusion is initiated at 0.25–0.3 mcg/kg/min and may be increased
by 0.5 mcg/kg/min until reaching goal BP. It has a rapid onset
of action (seconds), duration of 1–2 minutes, and a similar
half-life [41]. Despite its potency, this agent has several potentially lethal disadvantages, such as “coronary steal” in
patients with coronary disease, which can trigger acute myocardial infarction [42, 43]. In addition, it may increase intracranial pressure and decrease cerebral blood flow [44]. ICU
monitoring with intra-arterial BP measurement is required
[30]. Another concern is cyanide toxicity. Thiocyanate is a
metabolite of nitroprusside. In the absence of adequate
amounts of thiosulfate (required for metabolism of nitroprusside), cyanide levels can rise quickly [45]. To reduce the
potential for toxicity, sodium nitroprusside should be used
for no more than 24 hours and at an infusion rate no greater
than 2 μg/kg/min in patients with normal renal and hepatic
function [45]. It is contraindicated in patients with impaired
kidney function or hereditary optic nerve atrophy (due to
increased nerve ischemia). The current monitoring methods
for cyanide toxicity are not sensitive, and while red blood cell
(RBC) cyanide concentrations are more reliable, this test is not
widely available. Patients with RBC cyanide concentration
>40 nmol/mL have detectable metabolic changes and those
with levels >200 nmol/L have clinical symptoms (coma,
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encephalopathy, convulsion, irreversible focal neurologic abnormalities). Red blood cell cyanide concentration levels
greater than 400 nmol/mL are considered lethal. For these
reasons, sodium nitroprusside should be used only when no
other intravenous (IV) antihypertensive agents are available.
Nitroglycerin This is a venodilator that decreases preload,
increases coronary blood flow, inhibits coronary vasospasm,
and decreases cardiac oxygen demands [46]. It can also cause
arterial vasodilation, but not until high doses are reached. It is
the preferred agent in emergencies complicated with ischemic
heart disease, after a coronary bypass, or for the management
of aortic dissection in conjunction with a β-blocker [47]. The
recommended initial dose is 5 μg/kg/min, which can be increased 5 μg/kg/min every 3–5 minutes. After the dose
reaches 20 μg/kg/min, it can be incrementally increased by
20 μg/kg/min. Nitroglycerin has no dosing limits (although
the risk of hypotension is greater after 200 μg/kg/min). The
onset of action is 2–5 minutes and the duration is 3–5 minutes.
Adverse effects include tachyphylaxis (usually after four
hours of IV infusion) and methemoglobinemia [48]. Volume
status should be addressed before administration due to the
possibility of reduced cardiac output and preload in the
volume-depleted patient [49]. A common complaint of patients receiving nitroglycerin is headache.

Calcium Channel Blockers
While oral/sublingual nifedipine has been widely used, this
drug has an unpredictable effect and is not recommended by
the U.S. Food and Drug Administration (FDA) due to potential serious adverse effects [50].
Nicardipine This second-generation dihydropyridine has a
high selectivity for coronary and cerebral vasodilator activity,
increasing the blood flow in these organs [51]. The onset of
action is 5–15 minutes, [52] and the duration is up to three
hours [52, 53]. The initial infusion rate is 5 mg/hour, and the
dose can be titrated up by 2.5 mg/hour every five minutes. The
manufacturer recommends a maximum dose of 15 mg/hour. In
the author’s experience, doses as high as 30 mg/hour can be
tolerated with minimal adverse effects [30]. The plasma concentration can increase over 24 hours, resulting in an unexpected prolonged time of action. Nicardipine is metabolized in
the liver and is cleared renally. Blood pressure control is
usually achieved in 10–15 minutes [54]. American Heart
Association guidelines recommend this agent in acute ischemic
stroke when SBP is >220 mmHg or DBP is >120 mmHg [55].
Nicardipine has been compared favorably to other first-line
agents in several trials. In a study comparing IV nicardipine
with sodium nitroprusside, Neutel and associates demonstrated that nicardipine provided a greater reduction in SBP and
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DBP and was more effective in patients with severe hypertension [56]. The CLUE trial, a randomized comparative effectiveness study of IV nicardipine versus labetalol use in the
emergency department, revealed that nicardipine was more
effective in reaching the SBP target within 30 minutes than
labetalol [57••].
Clevidipine This third-generation dihydropyridine is metabolized by RBC esterases, and therefore its breakdown is not
altered by renal or hepatic failure [12, 58]. A direct coronary
vasodilator, clevidipine increases coronary blood flow while
increasing stroke volume and cardiac output, protects against
ischemia/reperfusion injury, and maintains splanchnic blood
flow and renal function [57••].
Because of its metabolism, clevidipine has an ultrashort
half-life of only 2–4 minutes [59••]. The initial rate of infusion
is 0.4 μg/kg/min, and is titrated up by doubling increments
every 90 seconds, to a maximum of 3.2 μg/kg/min [60]. The
maximum 24-hour dosage should not exceed 2.5 g/kg [30,
61•]. Due to its lipid emulsion formulation, it is recommended
that the infusion line be changed frequently to prevent potential bacterial contamination [62•]. Since the formulation includes soybean oil and purified egg yolk phospholipids, it
should not be given to patients with egg or soy allergies.
Several comparative and single-agent trials have addressed
the efficacy of clevidipine. The ESCAPE-1 (Efficacy Study of
Clevidipine Assessing Its Preoperative Antihypertensive
Effect in Cardiac Surgery-1) trial studied preoperative patients
with SBP of ≥160 mmHg, and ESCAPE-2 studied postoperative patients with SBP of ≥140 mmHg [60, 63]. These
investigations compared clevidipine in doses of 0.4 μg/kg/
min, doubled every 90 seconds, to placebo, and demonstrated
a lowering effect 1–2 minutes after infusion was initiated, with
an average of 6 minutes and 5.3 minutes to reach target BP
(15 % reduction) in preoperative and postoperative patients,
respectively. The ECLIPSE (Evaluation of CLevidipine In the
Perioperative Treatment of Hypertension Assessing Safety
Events) study compared clevidipine with nitroglycerin, sodium nitroprusside, and nicardipine [64•]. Overall, patients who
received clevidipine had lower rates of mortality (2.8 % vs
3.8 %), fewer total adverse effects, and improved BP control
compared to patients who received the other two agents [64•].
A subanalysis of the VELOCITY (Evaluation of the Effect of
Ultra-Short-Acting Clevidipine in the Treatment of Patients
with Severe Hypertension) trial was performed to confirm the
safety and efficacy of clevidipine in acute hypertension (SBP
>180 mmHg) with acute heart failure. Patients received an
initial dose of 2 mg/hour, titrated to double the dose every
three minutes up to 32 mg/hour, with 88.9 % of patients
reaching target BP within 30 minutes (median of 10.9 min)
[65•]. The most common adverse effects observed were headache, nausea, chest discomfort, and vomiting. In addition, the
trial documented successful transition to oral medications.
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Sympathoplegic Agents

Angiotensin-Converting Enzyme (ACE) Inhibitors

Labetalol This is a combined α1-adrenergic (selective) and
β-adrenergic (non-selective) receptor blocker, with a sevenfold greater effect on the β receptors as compared to the α
receptors [66]. Labetalol can be administered either as a
bolus or continuous infusion [67, 68]. The onset of action
is 2–5 minutes after administration, lasting 2–4 hours [69],
with a half-life of 5.5 hours [70••]. Patients with good
intravascular volume experience no reduction in cardiac
output, and the heart rate is maintained or slightly reduced
[71]. The recommended initial dosing is a load of 20 mg,
followed either by boluses of 20–80 mg every 10 minutes
(at the risk of hypotension) or titrated to a continuous
infusion rate of 1–2 mg/min [72•]. The total maximum dose
is 300 mg. The drug is commonly used in pregnancy because of its poor ability to cross the maternal-fetal barrier
[73]. Contraindications due to its beta-blocker effect include
pre-existing heart block, asthma, bradycardia, and severe
congestive heart failure [71]. As noted above, this agent
was compared to nicardipine in the CLUE trial [57••].
Labetalol may also be used for BP control in conjunction
with a vasodilator in patients with hypertensive crisis due to
cocaine [74••].

Enalaprilat This ACE inhibitor can be administered intravenously, at an initial dose of 1.25 mg over five minutes, over a
period of 12–24 hours, with a maximum dose of 5 mg every six
hours [30]. The onset of action is 15 minutes, with peak action
in one hour. The half-life is 11 hours, but the normal duration of
action is estimated to be six hours. Advantages of enalaprilat
include the absence of reflex tachycardia and minimal to no
effect on intracranial pressure [12]. Contraindications include
patients with hyperkalemia, circulatory decompensation (due
to the risk of acute renal failure), or whose mean arterial
pressure is insufficient for adequate renal perfusion [84]. As
with all ACE inhibitors, this agent is contraindicated in
pregnancy.

Esmolol This is an ultrashort-acting cardioselective beta blocking agent, with onset of action within 60 seconds and
duration of 10–20 minutes [75, 76]. Esmolol has been described as the “ideal” beta blocker agent for critically ill
patients [77], as it reduces heart rate and myocardial contractility but has no vasodilatory effect [75]. Its metabolism by
RBC esterases allows the medication to be safely used in
patients with underlying renal or hepatic pathology [78].
Administration is usually a 0.5 mg/kg loading dose for 60 seconds, followed by continuous infusion, starting at 50 μg/kg/
min, which can be titrated up to 300 μg/kg/min [79].
Contraindications for esmolol are due to its metabolic effects.
For example, anemia may prolong its half-life (RBC esterases
are reduced). The agent should also be avoided in patients
who are already on a beta blocker, have bradycardia, or have
heart failure exacerbation [80].
Alpha-1 Blockers
Phentolamine This is a pure α-adrenergic antagonist, agent of
choice in the initial management of catecholamine-induced
hypertensive emergencies [14]. The starting dose is 1–5 mg
IV boluses, the onset of action is immediate, and half-life is
15 minutes [81, 82]. Phentolamine is only recommended for
use as an initial agent (e.g., pheochromocytoma), as it may
cause tachyarrhythmias or angina, and a longer-acting α adrenergic antagonist like oral phenoxybenzamine should be
administered once the crisis is under control [83].

Conclusions
Hypertensive emergencies are always critical conditions and
must be swiftly addressed, with constant monitoring and care
to prevent further target-organ damage. While there are a wide
variety of pharmaceutical agents available, the mechanism of
action and contraindications of each must guide the choice of
treatment for optimal care. We favor titratable ultrashort-acting
agents initially, followed by longer-acting oral agents once BP
control is established and the patient is medically stable.
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