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Abstract

Hypertension is a common problem encountered in everyday clinical practice. Patients with poorly controlled
hypertension may present to the emergency room with “hypertensive emergency” - severely elevated blood pressure
(>180/120 mmHg) associated with end organ damage, involving neurological, cardiovascular or renal systems. There
is a paucity of literature regarding the preferred rate of decline of blood pressure, while treating these patients, as well
as the appropriate medications to be used. Based on expert opinion and anecdotal data, it is recommended that the
initial management should focus on promptly identifying impending or established end organ damage and decreasing
the blood pressure by about 25% in the first 2 hours, except in aortic dissection where rapid lowering of blood pressure
is recommended. This review provides a focused approach to the management of hypertensive emergencies.
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Introduction

Hypertension is a common problem affecting 60-70 million
people in the United States [1]. Two thirds of patients are unaware
that they have hypertension [2]. While it is well known that poorly
controlled hypertension is a major risk factor for cardiovascular
and cerebrovascular mortality, acute severe elevation in the blood
pressure can also cause acute end organ damage. Approximately
1-2% of all the hypertensive patients present to the emergency room
with hypertensive emergency at least once in their lifetime [3]. Given
the high prevalence of hypertension in our society, hypertensive
emergencies are commonly encountered in everyday clinical practice
[3]. Prompt recognition, evaluation and treatment are of paramount
importance in preventing permanent end organ damage. The most
recent periodic review by the Joint National Committee (JNC) on
“Prevention, Detection, Evaluation and Treatment of High Blood
Pressure”, does not give explicit guidelines on the management of
hypertensive emergencies [4].

This review article aims to discuss the management of hypertensive
emergencies based on specific clinical situations.

Definition

JNC 7 classifies blood pressure into different categories (Table 1)
(4].

Hypertensive emergency is defined as “a severe elevation is blood
pressure (usually >180/120 mmHg) complicated by impending or
progressive target organ dysfunction involving neurological, cardiac
or renal systems” [4]. Common clinical manifestations of end
organ damage in hypertensive emergency include Acute Coronary
Syndrome (ACS), acute decompensated heart failure, encephalopathy,
intracerebral hemorrhage and acute renal failure. Common clinical
manifestations of end organ damage in hypertensive emergency are
shown in Figure 1.

Hypertensive urgency is acute severe elevation in blood pressure
(>180/120 mmHg) without evidence of end organ damage. The
term “hypertensive crisis” is often used to include both hypertensive
emergencies and urgencies.

Initial Clinical Evaluation

Patients with hypertensive emergency commonly present with new
symptoms related to the target organ involved. A thorough history and

physical examination should be performed and appropriate treatment
strategies should be employed to address the underlying cause.

History

All patients with presenting with severe hypertension should

Systolic Blood Diastolic Blood
Pressure (mmHg) Pressure (mmHg)

Normal <120 <80

Category

Pre-hypertension 120-139 80-89
Hypertension — Stage | 140-159 90-99
Hypertension — Stage Il =160 2100

. > 120 and end organ
Hypertensive Emergency >180 damage

Table 1: Classification of Blood Pressure for Adults [4].

Hypertensive Emergency
BP > 180 / 120 mm Hg with impending
target organ dysfunction
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Figure 1: Common clinical scenarios associated with hypertensive
emergency.
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be assessed for acute target organ damage. Patient’s hypertensive
history, current medication regimen, last dose of antihypertensive
medication taken and medication compliance should be obtained.
History of recreational drug use (amphetamines, cocaine, monoamine
oxidase inhibitors or phencyclidine) should also be explored. Attempt
should be made to find out the usual blood pressure reading for each
patient either at home or in the ambulatory setting before the onset of
hypertensive crisis. It is important to understand that some patients
with chronic hypertension always have an elevated blood pressure. In
fact, a normal blood pressure of 120/80 mmHg, may be too low for
them. Hence, a diagnosis of hypertensive emergency or urgency cannot
be made based on a single absolute blood pressure reading, but is based
on acute elevation of blood pressure from baseline associated with end
organ damage.

Examination

Blood pressure should be evaluated in both arms with appropriately
sized cuff. Physical examination should also be aimed at identifying
target organ dysfunction. A focused neurological examination to
assess for mental status changes and focal neurological deficits
should be done. Altered mental status with fundoscopic examination
revealing exudates, hemorrhages or papilledema suggests hypertensive
encephalopathy [5]. Cardiovascular examination should focus on
presence of pathologic gallops (S, and S,) and murmurs (e.g., aortic
regurgitation). Elevated jugular venous pulsations and crackles in the
lung field suggest pulmonary edema and decompensated congestive
cardiac failure. Distal pulses should be palpated in all extremities, and
unequal pulses should raise a suspicion for aortic dissection.

Laboratory work up

Electrocardiogram should be done to assess for left ventricular
hypertrophy, arrhythmias, acute ischemia or infarction. Urinalysis
should be done to assess for hematuria and proteinuria. Basic metabolic
profile including assay of blood urea nitrogen and serum creatinine is
important to assess for kidney dysfunction. Cardiac biomarkers should
also be checked if ACS is suspected.

Radiographic studies

Patients presenting with altered mental status or focal neurological
deficits should get a Computed Tomography (CT) of the brain to
assess for hemorrhage or infarct. Chest X ray is often done to assess for
pulmonary edema. If aortic dissection is suspected (based on history
of chest pain, unequal pulses and/or a widened mediastinum on chest
X ray), imaging of the aorta (CT angiogram/magnetic resonance
imaging/transesophageal echocardiogram) should be performed
immediately [5].

Initial Treatment

The existing literature on hypertensive emergencies or urgencies
does not provide robust evidence regarding a specific rate of decline in
blood pressure that should be achieved in order to improve mortality
and morbidity [6]. To date there are no randomized controlled trials to
assess clinical outcomes, comparing different rates of decline in blood
pressure among patients presenting with hypertensive emergencies [6].

Cerebral auto regulation of blood pressure is altered in hypertensive
emergencies. Hence it has been postulated that rapid reduction of blood
pressure might result in reduced cerebral perfusion - propagating the
end organ damage [6]. Therefore, invasive arterial hemodynamic
monitoring in intensive care setting with use of short acting, titratable

intravenous anti-hypertensive agents is recommended in these
situations [6].

The Clinical practice guidelines based on JNC 7 suggest that the
mean arterial blood pressure should be reduced by <25% within the
first 2 hours and to around 160/100-110 mmHg over the next 6 hours
[4]. Aortic dissection, however, is a special clinical situation where it
is recommended to reduce the blood pressure to less than 120 mmHg
within 20 minutes [4]. The choice of the antihypertensive agent is often
based on target organ dysfunction, availability, ease of administration,
institutional culture and physician preference [7].

Pharmacological management

There are several drugs to choose from, in the management of
hypertensive emergencies. No single drug has been proved to be more
beneficial than the others in this clinical setting.

The following are some of the common medications used (Table 2):

Sodium nitroprusside: Sodium nitroprussideis both an arterialand
venous vasodilator [8,9]. It results in pre load and after load reduction
[8,9]. It is easily titratable and its effects are reversible. However,
it causes decreased cerebral perfusion with increasing intracranial
pressure, and hence should be cautiously used in hypertensive
encephalopathy [10,11]. Also, in patients with coronary artery disease,
it may cause a significant reduction in coronary blood flow secondary
to coronary steal phenomenon [12]. In a large randomized controlled
trial among patients with acute myocardial infarction and elevated left
ventricular filling pressure, the use of nitroprusside within 9 hours after
the onset of chest pain, resulted in increased mortality [13]. Since it
is a very potent agent with rapid onset of action and short half-life, it
should only be used with intra-arterial blood pressure monitoring in an
intensive care setting [6].

Nitroprusside contains 44% cyanide by weight [14]. Excretion of
cyanide in the form of thiocyanate requires adequate liver and renal
functions. Given the potential for cyanide toxicity and need for active
invasive hemodynamic monitoring with an arterial line, it is not used
often as the first agent of choice in hypertensive emergencies [14].

Nitroglycerin: Nitroglycerin is a venodilator and acts as an
arteriolar dilator only in high doses [15]. It reduces the blood pressure
by decreasing the preload and after load at higher doses. Similar to
nitroprusside, it can compromise cerebral perfusion and hence is not
used in hypertensive encephalopathy. It is often the agent of choice in
hypertensive emergencies associated with acute pulmonary edema or
acute coronary syndromes [6].

Labetalol: Labetalol is a combined alpha adrenergic and non-
selective beta-adrenergic receptor blocker [16]. It has a rapid onset of
action within 2-5 minutes after IV administration and the effect lasts
for about 2-4 hours [17]. It can be given both as a bolus and continuous
intravenous injections without invasive blood pressure monitoring. A
potential side effect could be bradycardia because of the beta blocking
effect. It reduces the total systemic vascular resistance, but maintains the
cerebral and coronary blood flow [18,19]. Hence, it is recommended by
the American Stroke Association for the management of hypertension
in patients who received tissue Plasminogen Activator (tPA) for stroke
[20]. It is often used in pregnancy induced hypertensive emergencies as
it is lipid soluble and does not cross the placenta [17,21].

Fenoldopam: Fenoldopam acts on peripheral dopamine-1
receptors resulting in peripheral vasodilatation, predominantly in the
renal, cardiac and splanchnic vascular beds [22-24]. Ironically despite
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Drug Mechanism of Action Dose Onset Duration Clinical Situations Precautions
Used in all clinical situations of Elevated Intracranial pressure
Sodium Direct arterial and venous 0.25 — 10 mcg/ . 3-4 minutes after hypertengve emergency. Cagtlon in Cergbrovascule_nr anq .
! . . . 1-2 min P . neurological emergencies as it can cardiovascular insufficiency
Nitroprusside vasodilator kg/ min stopping infusion R X X
decrease cerebral blood flow and in  Renal impairment
ACS can cause coronary steel. Hepatic impairment
Concomitant use of
5 — 200 mca/ phosphodiesterase 5 inhibitors.
Nitroglycerin Venous vasodilator Ka. min 9 2.5min 5-10 min Commonly used for ACS and ADHF  Raised intracranial pressure
9: Inferior ST-elevation myocardial
infarction.
Severe bradycardia
IV bolus: 20mg Bronchial asthma
Combined Alpha and beta over 2 min 2-5min 2-4 hours after | Aortic dissection, and neurological Recent cocaine use
Labetalol . - N B f
adrenergic blocker Infusion: 1-2  after bolus |stopping infusion emergencies Pheochromocytoma
mg/ min Acute decompensated heart
failure
Peripheral dopamine 1 0.1-1.6 mcg / . 1 hour after Useful in hypertensive emergencies Sulfite aIIergy
Fenoldopam - . 10 min X . X Hypokalemia
receptor agonist kg/ min stopping complicated by renal failure
. - . Advanced aortic stenosis
Dihydropyridine Calcium Post op hypertension and neurological Renal impairment
Nicardipine channel blocker, 5-15mg/hr 10 min 2 -6 hours p hyp 9 P
) emergencies Acute decompensated heart
vasodilator -
failure
. Potentially useful in most hypertensive Allergy to soy products and egg
Ultra short acting . L ) ) products
i ) . 2-16 mcg/ kg/ . 5 minutes after  emergencies ; studied extensively ) )
Clevidipine dihydropyridine Ca min 1-5 min stoppin in post operative cardiac surge Advanced aortic stenosis
channel blocker pping p P gery Acute decompensated heart
patients fai
ailure
. ) ) ! IV bolus: 10- . . . . . .
Hydralazine Direct arterial vasodilator 20 mg IV 10 — 20 min | 1-4 hours Pre eclampsia and eclampsia Dissecting aortic aneurysm.

Table 2: Drugs used for the management of Hypertensive Emergencies [2,5,7].

decreasing the blood pressure, it increases the renal perfusion [22-24].
In several studies comparing fenoldopam to other anti hypertensive
agents in hypertensive emergencies, improved creatinine clearance was
observed [25-27]. Therefore, this could be a useful drug in patients with
hypertensive emergencies associated with acute renal failure.

Nicardipine: Nicardipine is a second-generation dihydropyridine
calcium channel blocker. It acts on L-type voltage gated calcium
channels causing relaxation of the peripheral arteriolar smooth
muscles [5]. It has both cerebral and coronary arterial vasodilatory
properties [5]. Hence it improves cerebral perfusion and is often used
in hypertensive crisis in patients who received tPA for acute stroke [28].

Clevidipine: Clevidipine is a third generation dihydropyridine
calcium channel blocker, approved by the FDA in 2008 for management
of hypertensive emergencies [29]. It inhibits the extracellular calcium
influx through the L type channels, relaxing the arteriolar smooth
muscle resulting in decreased peripheral vascular resistance, increased
stroke volume and cardiac output [30]. Clevidipine has a rapid onset (<1
min) and offset of action and is easily titratable [31]. It is metabolized to
an inactive form by esterases in the blood and extravascular tissue and
hence does not require any dose adjustments in patients with renal and
hepatic dysfunction [30].

The safety and efficacy of clevidipine was assessed in the Evaluation
of the Effect of Ultra-Short-Acting Clevidipine in the Treatment of
Patients with Severe Hypertension (VELOCITY) [32]. Among 126
patients who presented to the emergency room or intensive care
unit with hypertensive crisis (81% had end organ damage), 90% of
patients treated with clevidipine reached their target blood pressure
within 30 minutes (median time of 10.9 minutes) [32]. The blood
pressure dropped lower than the pre-specified target rate only in 2
patients. The Efficacy Study of Clevidipine Assessing its Preoperative
Antihypertensive Effect in Cardiac Surgery-1,2 (ESCAPE -1, 2) and
the Evaluation of Clevidipine in the Perioperative Treatment of

Hypertension Assessing Safety Events Trial (ECLIPSE) are randomized
trials that showed clevidipine to be a safe drug in hypertensive urgencies
among post cardiac surgery patients [33-35].

Hydralazine: Hydralazine is a direct arteriolar vasodilator. It
is often used as an antihypertensive on a PRN basis in the inpatient
setting even for asymptomatic elevation of blood pressures [36]. It
has an initial latent period of 5-15 minutes followed by a precipitous
fall in blood pressure, with effects lasting up to 10 hours [37,38].
It is not recommended for use in hypertensive crisis because of its
unpredictable antihypertensive effect and difficulty in titration [39]. It
is often times used in pregnancy related hypertensive crisis because it is
not teratogenic and increases the uterine blood flow [7].

Management of Hypertension in Specific Clinical Situ-
ations

Neurological emergencies

Hypertensive encephalopathy: In patients with hypertensive
encephalopathy, cerebral vascular auto regulation is disrupted,
resulting in organic brain damage [40]. Cerebral blood flow is
auto-regulated within specific limits - as blood pressure increases,
cerebral vasoconstriction occurs to prevent hyperperfusion [41,42].
However, when the mean arterial pressure is exceedingly higher than
the upper limit of auto regulation (usually around 180mm Hg for
hypertensive patients), cerebral vasodilatation occurs resulting in over
perfusion [41,42]. Blood brain barrier is disrupted resulting in micro-
hemorrhages and cerebral edema. Symptoms include insidious onset of
lethargy, confusion, severe headache, visual disturbances and seizures,
which usually resolve within 24-48 hours with lowering of the blood
pressure. Retinal hemorrhages, exudates or papilledema are noted
on fundoscopic examination. If not acted upon immediately, it can
progress to fatal cerebral hemorrhage and death.
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The treatment should be aimed at decreasing the blood pressure
by 20-25% or diastolic blood pressure to 100-110 mmHg in the first
1-2 hours [43]. Drugs that are commonly used include nicardipine,
labetalol, clevidipine and fenoldopam. Sodium nitroprusside is often
used though there is a potential to increase the intracranial pressure.
Rapid reduction in blood pressure is not warranted as this may cause
cerebral hypo-perfusion resulting in worsening neurological status and
stroke [43].

Cerebrovascular Accidents (CVA): In contrast to patients with
hypertensive encephalopathy, patients with CVA present with acute
focal neurological deficits. Optimal management of blood pressure in
these patients has not been well established.

In patients with ischemic stroke, rapid decrease in blood pressure
might result in hypo-perfusion of the peri-infarct area resulting in
infarct expansion [44,45]. Hence, anti hypertensive treatment is held
unless the diastolic blood pressure is >120 mmHg or systolic blood
pressure is >220 mmHg [46,47]. “Permissive” hypertension is allowed
for 24-48 hours [46]. In patients who received thrombolytic, more
aggressive blood pressure control (systolic blood pressure <180 mmHg
and diastolic blood pressure <110 mmHg) is recommended to prevent
hemorrhagic conversion [46]. In patients with hemorrhagic stroke,
American Heart Association recommends to keep the mean arterial
pressure <130 mmHg [48].

In patients with subarachnoid hemorrhage, optimal target blood
pressure is controversial. While elevated blood pressure can result in
recurrent hemorrhage, rapid decrease in blood pressure may result in
reduced cerebral perfusion due to arteriolar vasospasm resulting in
brain ischemia. While some studies suggest maintaining mean systolic
arterial pressure 15% above baseline, others suggest more aggressive
approach to keep the peak systolic blood pressure 20% below baseline
(49,50].

If patient with cerebrovascular accidents, labetalol or nicardipine
are good first choice agents as they have minimal effect on cerebral
blood flow and do not lead to hypoperfusion. Nimodipine is often used
in subarachnoid hemorrhage to prevent cerebral arteriolar vasospasm
and hence maintains cerebral perfusion [50].

Cardiac Emergencies

Hypertensive emergency with involvement of the cardiovascular
system can present as three clinical entities: Acute Coronary Syndrome
(ACS), Acute Decompensated Heart Failure (ADHF) and aortic
dissection.

Acute coronary syndrome

Patients with ACS typically present with precordial chest pain.
The spectrum of presentation could range from unstable angina,
non ST-segment elevation myocardial infarction or ST-segment
elevation myocardial infarction. Electrocardiogram might show signs
of left ventricular hypertrophy and/or dynamic ST-segment changes
consistent with ischemia. In these patients, acute adrenergic surge
results in elevated blood pressure and tachycardia and increased
myocardial oxygen demand. In some patients, acute elevation of blood
pressure by itself can result in supply-demand mismatch from increased
cardiac workload, causing elevation in cardiac enzymes. The goal of
treatment would be to gradually decrease the patients’ blood pressure
to optimize cardiac function and alleviate symptoms. Intravenous
(IV) morphine and sublingual nitroglycerin could be administered
promptly while deciding on further management. Agents such as IV

nitroglycerin and IV labetalol are good choices in this situation. All
these agents are anti-angina medications that decrease the cardiac
workload significantly and improve symptoms. Since patients with
acute cardiac ischemia are prone to developing arrhythmias, labetalol
has a theoretical advantage over other agents due to its beta-blocking
property. Intravenous nitroprusside is best avoided in this scenario as it
could potentially worsen ischemia due to coronary steal phenomenon
[12].

Acute decompensated congestive cardiac failure

Patients with ADHF usually present with acute onset of dyspnea
with or without chest pain. A number of clinical scenarios can lead to
ADHF and hypertensive emergency. Acute aortic dissection (discussed
later) can involve the aortic valve and lead to acute aortic insufficiency,
which can precipitate acute heart failure and pulmonary edema.
Patients with underlying significant renal artery stenosis can develop
acute hypertensive episodes that can lead to ADHF presenting as “flash
pulmonary edema”. These patients could be relatively euvolemic.
Patients that have underlying systolic and/or diastolic dysfunction
and a history of poorly controlled hypertension can present with an
acute hypertensive episode leading to acute pulmonary edema. These
patients are typically volume overloaded. Patients who present de
novo with acute hypertension and “flash pulmonary edema” should
be investigated for renal artery stenosis. Intravenous loop diuretics
(furosemide, bumetanide and torsemide) should be administered
in patients that are hypervolemic and can result in some reduction
of BP. Judicious use of diuretic should be employed, particularly in
patients that do not have significant volume overload as this might
lead to dehydration and renal injury. Nitroprusside and nitroglycerin
are excellent agents for blood pressure management in ADHEF.
Since nitroprusside use requires invasive blood pressure monitoring
and an ICU admission, nitroglycerin is a preferred agent if these
facilities are not available. Severe renal dysfunction and recent use of
phosphodiesterase inhibitors could preclude the use of nitroprusside
and nitroglycerin respectively. Intravenous labetalolF and nicardipine
are relatively contraindicated in patients with systolic dysfunction,
given their negative inotropic effect. However, they can be used if the
first line agents are ineffective or contraindicated. Rapid reduction of
BP by about 20% within the first hour is adequate to improve cardiac
performance and further reduction to a normal BP can be achieved
over the next 6 hours.

Acute aortic dissection

Patients with acute aortic dissection present with acute chest pain.
Unequal arm blood pressure readings and/or a widened mediastinum
on a chest X-ray are clues to the diagnosis. When the clinical suspicion
is strong, BP management should not be delayed while awaiting
definitive diagnostic workup. Unlike most other presentations, the goal
in this situation is to rapidly decrease BP to a normal level. Intravenous
nitroprusside is an excellent first line agent for this purpose. If this is
chosen, co-administration of beta blockers is necessary [51]. Other
agents that are also effective include labetalol and nicardipine. If a
diagnosis of type A aortic dissection is made, the definitive management
would be surgery, which should be performed promptly.

Acute Kidney Injury

Acute worsening of the renal function during the management
of hypertensive emergencies is a common phenomenon, especially in
patients with chronic kidney disease. This is often times secondary to
a precipitous fall in the blood pressure with medications rather than
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a complication of acutely elevated blood pressure [52]. The ideal rate
of lowering blood pressure for renal protection is still not known.
The recommended strategy is 10-20% reduction in the mean arterial
pressure during the first hour or two and then further 10-15% during
the next 6-12 hours [52].

The ideal drug to use in hypertensive emergencies in patients
with chronic kidney disease is controversial. Nitroprusside is often
used; however it has increased risk of cyanide toxicity in patients with
renal fajlure. Fenoldopam- the dopamine 1 agonist, has been shown
to improve natriuresis, diuresis and creatinine clearance compared
to nitroprusside in a few studies and is currently preferred over
nitroprusside in patients with renal failure [25-27].

Hypertensive Emergency during Pregnancy

Patients with Pregnancy Induced Hypertension (PTH) can present
with pre-eclampsia or eclampsia. Initial therapy with magnesium
sulfate is recommended for seizure prophylaxis [53]. Delivery is the
definitive treatment for eclampsia [53]. Initial reduction of blood
pressure to a safe range, being very careful to avoid a precipitous fall
is important to prevent cerebral hemorrhage without compromising
the cerebral blood flow. The American College of Obstetricians and
Gynecologists recommend keeping the blood pressure between 140-
160 mm hg and diastolic blood pressure between 90-105 mmHg
[53]. Hydralazine and oral nifedipine have been traditionally used in
pregnancy induced hypertension. However, recent data suggests the
use of I'V labetalol or nicardipine, both of which are easily titratable, to
be safe and efficacious in PIH [54-57].

Hypertensive Emergency due to Catecholamine Excess

Hypertensive emergencies due to catecholamine excess are
most commonly due to the following three clinical scenarios:
pheochromocytoma, monoamine oxidase inhibitor crisis and abuse of
drugs such as cocaine [52]. Treatment is initiated with alpha blockers
(intravenous phentolamine) and beta blockers are added only if
necessary. Beta blockers should never be started first because blockade
of vasodilatory peripheral adrenergic receptors can theoretically
lead to unopposed stimulation of alpha adrenergic receptor,
resulting in precipitous elevation of blood pressure. In cocaine
induced hypertension, isolated beta blockade increases the coronary
vasoconstriction, heart rate and blood pressure [52]. Adequate blood
pressure control with other agents such as nicardipine, fenoldopam,
verapamil or phentolamine in combination with verapamil can be used.

Conclusion

Hypertensive emergency is a common clinical entity with a
wide variety of clinical manifestations with life threatening adverse
outcomes if not recognized and acted upon immediately. Management
is challenging as despite the availability of several drugs, their universal
use is somewhat limited by side effects, ease of administration or
availability. Unfortunately due to the nature of the disease and acuity
of presentation it is difficult to conduct prospective randomized trials
and hence there is a clear paucity of data in this field regarding the
choice of medication and rate of lowering blood pressure in each
clinical situation. Clevidipine, a recently approved drug appears to be
safe and promising to use. For now, the choice of appropriate agent
is based on end organ damage at presentation, mechanism of action
and potential side effects of each medication, their availability and
institutional culture.
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