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A hypertensive crisis is an abrupt and severe rise in the arterial blood pressure (BP) occurring
either in patients with known essential or secondary hypertension, or it may develop spon-
taneously. The most frequent cause for the severe and sudden increase in BP is inadequate
dosing or stopping antihypertensive treatment in hypertensive patients. Severe hypertension
can be defined as either a hypertensive emergency or an urgency, depending on the existence
of organ damage. In hypertensive urgencies, there are no signs of acute end-organ dam-
age, and orally administered drugs might be sufficient. In hypertensive emergencies, signs
of acute end-organ damage are present, and in these cases, quickly-acting parenteral drugs
must be used. The prompt recognition, assessment, and treatment of hypertensive urgencies
and emergencies can decrease target organ damage and mortality. In this review, the defini-
tions and therapeutic recommendations in a hypertensive crisis are presented in the light of
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INTRODUCTION

Arterial hypertension presents a very high incidence and
is a frequently encountered clinical situation, affecting
nearly 1 billion subjects around the world. The overall
sex- and age-adjusted prevalence of hypertension (sys-
tolic/diastolic >130/80 mmHg) is 48% in males and 43%
in females.*

Approximately 1-2% of subjects with chronic hyper-
tension present acute elevations of blood pressure (BP)
that require urgent therapeutic measures, while more
than half of subjects presenting in the emergency depart-
ment with hypertensive crisis have not been compliant to
their blood pressure-lowering medication within the pre-
ceding days or weeks.?

DEFINITIONS

A hypertensive crisis is an abrupt increase in the systolic
BP (SBP) over 180 mmHg and/or elevation of diastolic BP
(DBP) over 120 mmHg. Based on the existence of acute
end-organ damage, a hypertensive crisis can be defined
as a hypertensive emergency or urgency."3

A hypertensive emergency is a critical rise in BP (of more
than 180/120 mmHg) with associated newly developed,
progressive or deteriorating target organ injury. Instances
of target organ injury comprise hypertensive encepha-
lopathy, intracerebral hemorrhage, acute ischemic stroke,
acute myocardial infraction, acute left ventricular failure
with pulmonary edema, unstable angina, dissecting aortic
aneurysm, acute renal failure, and eclampsia.»*
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In 2017, Guiga et al. published data on mortality rates
in a 670-patient cohort presenting with hypertensive
emergencies, and the one-year associated mortality rate
was over 79%, while the median survival period was 10.4
months in subjects in which the emergency was untreated.”

Subjects with chronic hypertension are regularly able
to tolerate significantly higher BP levels than those with
previously normal BP values. A review article focusing on
the epidemiology, causes, pathophysiology, and prognosis
of hypertensive crises, published in 2017 by Ipek et al., re-
vealed that in the evolution and prognosis of hypertensive
emergencies, the rate of BP rise seems to be more important
than the actual BP level.® In hypertensive emergencies, fast
reduction of BP is recommended (not necessarily to normal
values) in order to avoid and limit additional target organ
injury. In adults with a hypertensive emergency, hospital
admission and close supervision in an intensive cardiac
care facility is recommended, to continuously monitor ar-
terial pressure levels, to assess and treat target organ in-
jury, as well as to administer intravenous antihypertensive
medication. Both current European Society of Hypertension
(ESH) and European Society of Cardiology (ESC), as well as
American College of Cardiology (ACC) and American Heart
Association (AHA) guidelines discourage the use of oral an-
tihypertensive treatment for hypertensive emergencies.'?

Hypertensive urgencies are defined as severe BP eleva-
tion in chronic hypertensive patients with no acute tar-
get organ injury or dysfunction. In the majority of cases,
these patients are non-adherent to the prescribed anti-
hypertensive regimen and do not present with clinical or
laboratory signs of acute target organ injury. In hyper-
tensive urgencies, BP levels are frequently lowered in the
emergency department, with the use of oral medication,
and patients do not require hospital admission, but are,
however, followed-up in outpatient settings.>3

In 2015, Lagi et al. published a review that analyzed
373 articles directed towards the dissimilarities between
hypertensive emergencies and urgencies, while also de-
fining the concept of ‘acute hypertension’ as being dif-
ferent from ‘chronic hypertension’.” Acute hypertension
may be associated with target organ injury since it is the
cause, consequence, or effect of an acute stress. As a re-
sult of this review, Lagi et al. proposed a new terminology
and a classification system for hypertensive emergencies,
as follows: (a) acute primary hypertension, as the cause
(a mechanism is set as the first moment of hypertensive
disease targeting the heart, retina, brain, and kidney); (b)
acute secondary hypertension, as the consequence (a dis-
ease modifies the circulating volume and peripheral vas-
cular resistance); and (c) acute associated hypertension

without causal relationship (the disease is the effect of an
acute stress response). This classification system is based
on the pathophysiological mechanism and is a new clinical
approach of patients with hypertensive crises.”

PATHOPHYSIOLOGY

The factors that cause the acute severe increase in BP
in subjects with hypertensive crises are partially under-
stood.® In a review article, Marik et al. emphasized that the
major pathophysiological mechanism is a sudden rise in
systemic vascular resistance due the increased production
of humoral vasoconstrictors. The subsequent acute and
severe elevation of BP values creates mechanical stress
and endothelial damage, thus enhancing vascular perme-
ability, activation of the coagulation cascade, activation of
platelets, and fibrin deposition. The vessel damage causes
platelet and fibrin deposition, fibrinoid necrosis of the ar-
terioles, and an alteration of the normal self-regulatory
properties.®® The role of the angiotensin-aldosterone
system was described in numerous publications as caus-
ing further vasoconstriction, stimulating decreased renal
perfusion, and lowering tubular sodium concentration.'® A
review by van den Born et al. evaluated whether a hyper-
tensive crisis with advanced retinopathy is related to endo-
thelial dysfunction, platelet activation, thrombin genera-
tion, and decreased fibrinolytic activity and concluded that
hypertensive crisis leads to an enhanced prothrombotic
status due to endothelial dysfunction, platelet activation,
and increased thrombin production.” These modifications
in the pro- and antithrombotic pathways may add to the
already high risk of ischemic and hemorrhagic compli-
cations. Pressure natriuresis produces volume depletion,
stimulating the release of vasoconstrictor agents from the
kidney. The results of these events lead to a vicious cycle of
continuous injury producing ischemia and can culminate
in end-organ hypoperfusion and dysfunction.®** Recent
studies have also evaluated the role of genetic polymor-
phisms and have sought to identify susceptibility genes
that may lead to the development of arterial hypertension,
and also pulmonary arterial hypertension. Several genetic
profiles have been identified as factors that influence the
blood pressure homeostasis, such as endothelial nitric ox-
ide synthase (eNOS), or polymorphisms encountered in
the human angiotensinogen gene (AGT)."»*

CLINICAL PRESENTATION

The clinical manifestation of a hypertensive crisis var-
ies from one individual to another; its clinical signs and
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symptoms are directly connected to the consequent end-
organ injury which has been triggered. As Marik et al.
presented in a review about the challenges and manage-
ment of a hypertensive crisis, the most frequent motive
for presenting in the emergency department in patients
with hypertensive emergencies included acute chest pain
(27%), shortness of breath (22%), and neurological im-
pairment (21%), while the most frequent clinical presen-
tations of hypertensive emergencies were cerebral infarc-
tion (24.5%), pulmonary edema (22.5%), hypertensive
encephalopathy (16.3%), and congestive heart failure
(12%).8 The cardiac manifestations of hypertensive crisis
are angina and/or myocardial infarction, congestive heart
failure, or pulmonary edema.'*

Manning et al. reviewed the diagnosis and manage-
ment of specific neurological hypertensive emergencies
and described the specific neurologic manifestations of
hypertensive encephalopathy as the presence of occipital
headache, visual disturbances, vomiting, mental status
changes, seizure, and papilledema.!® Kidney injury may
present as oliguria or any of the typical characteristics
of acute renal failure. Gastrointestinal and hematological
manifestations may occur as nausea, vomiting, and mi-
croangiopathic hemolytic anemia (due to a diffuse arte-
riolar damage)."”

CLINICAL APPROACH

Patients with a hypertensive crisis usually present in the
emergency department for newly developed symptoms
related to their increased BP values.'® The physical exami-
nation should be performed quickly in order to recognize
signs related to end-organ injury. Proper patient triage is
a central phase in the clinical management of hyperten-
sive crises.’ A quick but complete medical history should
be obtained, including pre-existent hypertensive history,
current use of antihypertensive treatment, the adherence
to the therapeutic schedule, and the time from the last
dose.? Assessment of BP values should be performed on
both upper limbs, with an appropriately sized cuff.>°

The physical examination includes assessment of pulses
in all limbs, auscultation of the lungs (rales suggestive for
pulmonary edema), the heart (murmurs, gallop rhythm),
and the renal arteries (bruits), as well as a neurologic and
ocular (fundoscopic) check-up.®

Laboratory exams (full blood count, creatinine, urea,
electrolytes, urine analysis), ECG, chest X-ray, echocar-
diography, CT (chest/head), MRI should be performed.
Based on the physical examination, laboratory examina-
tions, and imaging, the clinician is able to distinguish be-

tween a hypertensive emergency and urgency, and to for-
mulate a patient management plan for further diagnostic
testing and therapeutic measures. 3

THERAPEUTIC APPROACH OF HYPERTENSIVE
CRISIS — “PRIMUM NON NOCERE”

Hypertensive emergencies require fast measures for de-
creasing the BP to avoid and limit additional damaging of
the target organs.?” Patients with a hypertensive emer-
gency require hospital admission and observation in an
intensive care unit, with continuous monitoring and fur-
ther testing for the identification and treatment of target
organ damage, as well as administration of intravenous
blood pressure-lowering medication.?? The therapeutic
management of hypertensive emergencies is strictly in-
fluenced by the subsequent organ damage and starts from
no lowering or extremely cautious lowering of BP.*

The 2017 ACC/AHA guideline recommends for adults
with a critical complication, such as severe preeclampsia,
eclampsia, or pheochromocytoma crisis, a reduction of
systolic BP to less than 140 mmHg during the first hour,
while in aortic dissection to less than 120 mmHg. For sub-
jects with no critical condition, systolic BP is reduced by
less than 25% in the first hour, then the target value is
carefully achieved in the next 24—48 hours.!

In contrast, in patients with hypertensive urgencies
without reason for referral to the emergency department
or for hospitalization, blood pressure values can be typi-
cally lowered in the emergency room, with oral medica-
tion (reinstitution or intensification of antihypertensive
therapy).!32

Several antihypertensive drugs from different pharma-
cological categories are accessible for managing hyper-
tensive emergencies, but there is no evidence which drug
class administered as first-line therapy provides more
benefits.?>26

A Cochrane systematic review on therapeutic mea-
sures applied in hypertensive emergencies, which studied
15 randomized controlled trials and 869 subjects treated
with seven drug classes, did not find sufficient data for
defining which antihypertensive medication is the most
efficient in treating hypertensive emergencies and de-
creasing mortality.”® Randomized clinical trials are needed
to investigate mortality and outcomes in patients with
hypertensive emergencies treated with different antihy-
pertensive drugs, and rate and grade BP lowering in a hy-
pertensive emergency.

According to actual guidelines (ESH/ESC and ACC/AHA),
in hypertensive emergencies, continuous intravenous ad-
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ministration of short-acting antihypertensive therapies
is recommended."?* Choosing an antihypertensive class
should be grounded on its pharmacological characteris-
tics, the degree and advancement of target organ damage,
the required rate of BP reduction, and comorbidities.?’ The
dosage of these agents must be titrable for a controllable
antihypertensive effect and for the prevention of further
target organ damage, because an excessive and rapid low-
ering of BP values may cause coronary, cerebral, or renal
ischemia.?829

INTRAVENOUS ANTIHYPERTENSIVE
MEDICATION IN HYPERTENSIVE EMERGENCIES

CALCIUM CHANNEL BLOCKERS — DIHYDROPYRIDINES

Nicardipine is a second-generation short-acting dihydro-
pyridine-type calcium-channel blocker. The onset of ac-
tion of intravenously administered nicardipine is from 5
to 15 minutes, the duration of action is 4 to 6 hours.?° It
is characterized by a high vascular selectivity and strong
coronary and cerebral vasodilator activity. CLUE was the
first randomized clinical trial that comparatively ana-
lyzed nicardipine infusion versus bolus labetalol in the
management of acute hypertension. The trial showed that
subjects who were administered nicardipine were more
expected to have their BP controlled compared to those
who were treated with labetalol (OR 2.73, 95% CI 1.1 to
6.7).>' Nicardipine may have unique benefits in cerebro-
vascular disease based on its pharmacologic profile. It
crosses the blood-brain barrier and produces relaxation of
cerebrovascular smooth muscle. At the acidic pH of isch-
emic cerebral tissue, nicardipine is rapidly accumulated
in the ischemic tissue, producing localized vasodilation.
Although nicardipine is a cerebral vasodilator, it dilates
small-resistance arterioles, so there are no significant
changes in intracranial volume or pressure. Komura et
al. published a literature review and the first two docu-
mented cases of nicardipine used as an intravenous bolus
dose in an acute ischemic stroke and a hemorrhagic stroke
subject, respectively. They concluded that nicardipine as
an intravenous medication is effective and safe in these
situations.??

The recommended initial infusion rate of nicardipine
is 5 mg/h, which may be increased every 5 minutes by
2.5 mg/h, up to a maximum of 15 mg/h until the chosen BP
reduction is attained. There is no required dose modifica-
tion in case of elderly patients, and there is no dependence
on the patient’s weight. Nicardipine is contraindicated in
advanced aortic stenosis."?

Clevidipine is a third-generation dihydropyridine
calcium-channel blocker with ultrashort action, with a
highly selective arteriolar vasodilator effect.?33* This ef-
fect is due to a selective inhibition of the influx of cal-
cium through the L-type channel, producing vasodila-
tation of the small arteries and reduction of peripheral
vascular resistance, thus reducing the afterload without
affecting cardiac filling pressures or reflex tachycardia.®
Clevidipine also protects against organ reperfusion in-
jury and increases the bioavailability of nitric oxide via
antioxidative actions. Clevidipine may reduce the sever-
ity of myocardial ischemia, preserve coronary endothelial
function, reduce infarct size, and maintain renal function
by preserving splanchnic blood flow.3>3¢ The ECLIPSE
trial was conducted for a comparative analysis between
the safety and efficacy of clevidipine with nitroglycerin,
sodium nitroprusside, and nicardipine in the treatment
of perioperative acute hypertension in patients under-
going cardiac surgery. The results showed that mortal-
ity was significantly higher for nitroprusside-treated
subjects compared with the clevidipine-treated arm (p =
0.04). Clevidipine was more effective than nitroglycerine
(p = 0.0006) or nitroprusside (p = 0.003) in maintain-
ing BP within the prespecified interval. Clevidipine was
comparable to nicardipine in keeping patients within the
prespecified BP range. There was no difference between
those treated with clevidipine and the other treatment
groups regarding the rate of major adverse cardiovascular
events including myocardial infarction, stroke, or renal
dysfunction.®

The initial dose recommended for clevidipine is 1 to
2mg/h in intravenous infusion, which can initially be dou-
bled at short (90 sec) intervals. The anticipated therapeutic
response for mostindividuals ensuesat doses of 4 to 6 mg/h.
Subjects with severe hypertension may need doses up to
32 mg/h. Clevidipine is contraindicated in subjects who
are allergic to soy- and egg-related products, and in pa-
tients with defective lipid metabolism. Dose adjustment is
required for the elderly.®

NITRIC OXIDE-DERIVED VASODILATORS

Sodium nitroprusside is a prodrug that reacts with sulf-
hydryl groups on erythrocytes, albumin, and other se-
rum proteins to release nitric oxide (NO). NO reduces the
vascular tone in small muscular arteries, via stimulation
of the guanyl-cyclase-cyclic GMP pathway. In 2014, in a
review by Hottinger et al., nitroprusside was described as
the most frequently used intravenous drug in hyperten-
sive crises in the emergency department or intensive care
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facilities, followed by labetalol (48% of cases), nicardipine
(15%), and hydralazine (15%).3

Nitroprusside decreases cerebral vascular resistance
and impairs brain and myocardial tissue oxygenation.
Early animal studies described that nitroprusside causes
vasodilation and maintains cerebral blood flow inhibiting
the vasospasm that occurs immediately after a subarach-
noid hemorrhage.3¢ A study by Immink et al. evaluated the
effect of labetalol versus nitroprusside in the treatment of
malignant hypertension, as well as their influence of ce-
rebral circulation and their hemodynamic effects.?” They
concluded that sodium nitroprusside lowered vascular re-
sistance and not cerebral vascular resistance, thus stimu-
lating a redirecting of the blood flow towards territories
with low vascular resistance rather than towards the brain
circulation.

The ECLIPSE trial compared nitroprusside with clevi-
dipine and nicardipine, showing results of similar efficacy
on BP reduction and small differences in adverse effects.?®

The initial dose of sodium nitroprusside is 0.3—0.5 mcg/
kg/min intravenously, with increases in increments of
0.5 pg/kg/min to reach the established BP goal values,
with an instantaneous effect and duration of effect lasting
2—3 minutes. The maximum dose is 10 mcg/kg/min ad-
ministered in as short a time as possible. A main concern
related to the use of sodium nitroprusside is the accumu-
lation of toxic metabolites.3® Cyanide toxicity results in
cellular hypoxia and is clinically manifested by irrevers-
ible neurologic changes and cardiac arrest.! For infusion
rates 24-10 mcg/kg/min or duration >30 min, thiosul-
fate can be co-administered to prevent cyanide toxic-
ity. Intra-arterial BP measuring is also recommended to
prevent overdosing. Dose adjustment is needed for elderly
patients.>®2 The current AHA/ACC guidelines recommend
the use of nitroprusside when treating acute hypertension
with a target SBP under 180 mmHg in subjects with intra-
cranial bleeding.!

Nitroglycerin is a powerful venous vasodilator that only
acts on the arterial vascular tonus at increased doses and
lowers BP by decreasing venous return (preload) and car-
diac output.® The initial recommended dose is 5 mcg/min,
which can be increased in increments of 5 mcg/min every
3—5 min to a maximum of 20 mcg/min. Tolerance to the
hemodynamic effects of nitroglycerin may limit its clini-
cal usefulness.? In the ECLIPSE trial, clevidipine was more
effective compared with nitroglycerine (p = 0.0006) in
sustaining BP in the target range. There was no difference
between the nitroglycerin group and the clevidipine- and
nitroprusside-treated patients regarding the rate of myo-
cardial infarction, stroke, or renal failure.?

Headache is the most common adverse effect of nitro-
glycerin treatment, and another potential side effect is
low blood pressure with reflex tachycardia, which can be
aggravated by volume depletion typically used in hyper-
tensive emergencies.3® Another undesirable effect of ni-
troglycerin is compromised cerebral and renal perfusion,
therefore, its use is recommended only in subjects pre-
senting an acute coronary syndrome or acute pulmonary
edema and is contraindicated in patients with volume
depletion.!

DIRECT VASODILATORS

Hydralazine inhibits calcium release from the sarcoplas-
mic reticulum in arteriolar smooth muscle fibers, thus
leading to peripheral vasodilation, which in turn decreases
cardiac afterload and improves left ventricular function in
subjects with heart failure.?® However, hydralazine is not
regularly used as a first-line therapy in the treatment of
hypertensive emergencies as it presents prolonged and
unpredictable blood pressure-lowering properties.*

ADRENERGIC BLOCKERS

Esmolol is an ultrashort-acting cardiac beta-1 receptor
blocker, with an ultra-rapid onset of action (within 60
seconds) and duration of action of 10 to 20 minutes. The
loading dose is 500—1000 pg/kg/min administered in 1
minute, with a subsequent infusion of 50 to 200 pg/kg/min
if necessary. Esmolol is an appropriate pharmacologi-
cal agent for situations of increased cardiac output, heart
rate, or blood pressure such as perioperative hyperten-
sion."*! Landoni et al. conducted a meta-analysis on the
clinical effects of esmolol in noncardiac surgery, which
included 1,765 subjects from 32 randomized clinical trials.
The results showed that the esmolol group presented sig-
nificantly lower rates of myocardial ischemic events and
less episodes of hypotension or bradycardia compared to
controls.? Contraindications for the use of esmolol com-
prise subjects under concomitant beta-blocker therapy,
low heart rate, acute or decompensated heart failure.
Continuous heart rate monitoring is recommended for
patients receiving esmolol in order to promptly recognize
severe bradycardia and notice heart failure symptoms, as
they may worsen.! The metabolism of esmolol is not de-
pendent on kidney or liver function, and it is considered
“an ideal B-adrenergic antagonist” in critically ill subjects
due to its pharmacokinetic properties.2®29

Labetalol, a non-selective alpha- and beta-adrenergic
receptor blocker, presents vasodilator properties in the pe-
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ripheral vasculature by inhibiting adrenergic stimulation in
the vascular smooth muscle cells and endothelial function.
Through its beta-blockade function, it acts in the bronchial
and vascular smooth muscle fibers as well. The overall sys-
temic effect of labetalol is to reduce systolic and diastolic
arterial pressure, resting and exercise cardiac frequency,
and cardiac output.”?! A systematic review published by
Peacock et al. included comparative studies between the
effects of labetalol and nicardipine in hypertensive crisis
subjects, with various associated clinical conditions such
as stroke, critical care, perioperative status, pediatrics, and
pregnancy. Their results revealed that there is equivalent
safety and efficacy in the use of labetalol or nicardipine,
despite the fact that nicardipine is able to provide a slightly
more consistent BP control.?' The initial dose of labetalol is
0.3—1.0 mg/kg (maximum 20 mg) in slow intravenous in-
jection every 10 minutes, or 0.4—1.0 mg/kg/h intravenous
infusion up to 3 mg/kg/h. The cumulative dose is 300 mg.
This dose can be repeated every 4—6 hours. Labetalol is
contraindicated in bronchial asthma and chronic obstruc-
tive pulmonary disease. Due to its negative inotrope and
chronotropic effects, it should not be given in subjects with
heart failure and with second- or third-degree atrioven-
tricular block or bradycardia.?®

Phentolamine is a competitive o-adrenergic recep-
tor antagonist with greater affinity for the ai- than
a2-receptor subtype, producing a significant reduction
in systemic vascular resistance and an increase in car-
diac output, myocardial oxygen demand, and heart rate.”
Phentolamine is recommended in hypertensive emergen-
cies caused by excessive catecholamine release including
pheochromocytoma, clonidine withdrawal, cocaine toxic-
ity, interactions between monoamine oxidase inhibitors
and other drugs or food, as well as amphetamine over-
dose.»?® The recommended dose is an intravenous bolus of
5 mg, and additional bolus doses can be administered ev-
ery 10 minutes, as needed to lower BP to the target value.
Adverse effects include reflex tachycardia and fluid reten-
tion, and it is contraindicated in myocardial ischemia.3

DOPAMINE 1-RECEPTOR SELECTIVE AGONIST

Fenoldopam is an agonist for Di-like dopamine receptors,
with moderate affinity to a2-adrenergic receptors. As a
D1-dopamine receptor agonist is a rapid-acting vasodila-
tor, it leads to a decreased peripheral vascular resistance
and increased blood flow to the kidneys, while also having
minimal diuretic (natriuretic) effects.“® This favorable ef-
fect on renal perfusion was confirmed by a meta-analysis
by Gillies et al., on 6 randomized controlled trials, which

found that patients who had received fenoldopam treat-
ment in the perioperative period, presented a significantly
lower rate of acute kidney injury following a major surgical
intervention.*® Fenoldopam is contraindicated in subjects
at high risk of conditions with increased intraocular (glau-
coma) or intracranial pressure and those with sulfite aller-
gy.! Adverse effects are hypotension and severe headache.?

ACE INHIBITORS

Enalaprilat is an angiotensin-converting enzyme (ACE)
inhibitor with vasodilator properties due to the decreased
production of angiotensin II and increased levels of bra-
dykinin. In patients with hypertension, the administration
of enalaprilat produces the reduction of total peripheral
resistance with slight influence on the heart rate or car-
diac output.** In a retrospective cohort study by Avaz et
al., the administration of bolus intravenous enalaprilat
was evaluated when administered to hypertensive patients
with acute heart failure, resulting in a substantial reduc-
tion in systolic BP. The treatment was well tolerated, with
limited hypotension and no adverse effect on kidney func-
tion.** The recommended dose of enalaprilat is 1.25 mg
administered over a 5-minute period.! The onset of enala-
prilat effect occurs in 15—30 minutes, the duration of its ac-
tion is 12—24 hours, and it produces an unpredictability of
BP response. In contrast to shorter-acting vasodilators used
for the treatment of hypertensive emergency, the dosage of
enalaprilat is not easily adjusted. The degree of BP lowering
associated with enalaprilat depends on the pretreatment
concentration of angiotensin II and plasma renin activ-
ity, thus being more efficient in individuals with high re-
nin levels."” Enalaprilat should be avoided in patients with
acute myocardial infarction and is contraindicated in those
with bilateral renal artery stenosis, or in pregnancy.>*

Compared to ESH recommendations, in the 2017 ACC/
AHA guidelines the use of the loop-diuretic furosemide is
not recommended as a first-line therapy in the treatment
of hypertensive emergencies.>* Volume depletion is fre-
quent in subjects with hypertensive emergencies, there-
fore, the administration of a diuretic alone or combined
with an antihypertensive medication can trigger a serious
and dangerous reduction in BP and produce an increased
reflex vasoconstriction with further damage of the target
organs. Furosemide must not be used except when it is
specifically needed for volume overload, for instance in
renal parenchymal disease.»*

Urapidil, an alpha-blocker, has also been recommended
by the ESH in the treatment of hypertensive emergencies
and does not appear as possible first-line medication for
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this pathology in the 2017 ACC/AHA guidelines."? Urapi-
dil is an alpha-blocker with supplementary effects on the
central nervous system (activates 5-HT1A receptors) and
induces vasodilatation without tachycardia. The recom-
mended dose of urapidil is 25—-50 mg in bolus, the onset
of action is 3—4 minutes with a duration of 8—12 hours.?

THE TREATMENT OF HYPERTENSIVE
EMERGENCIES IN PATIENTS WITH
SPECIFIC COMORBIDITIES

Subjects with hypertensive emergencies present with tar-
get organ damage, which includes acute aortic dissection,
acute pulmonary edema, acute coronary syndromes, acute
kidney injury, eclampsia or pre-eclampsia, perioperative
hypertension, states with excessive catecholamine dis-
charge, acute intracerebral hemorrhage, or acute ischemic
stroke."? Such individuals require immediate and efficient
therapeutic management, with intravenous medication
for a safe decrease in blood pressure, with protective ef-
fects on the function of target organs, which improves
symptoms and decreases the rate of complications, while
also improving clinical outcomes.*?

ACUTE AORTIC DISSECTION

If left untreated, this hypertensive emergency has a one-
year mortality rate of 70—90% and a 5-year mortality rate
of nearly 100%. In a review article focused on the manage-
ment of aortic dissection with hypertensive emergency,
Gupta et al. described a decrease in the 1-year and 5-year
mortality rates of 25% and 50% respectively, through an
adequate control of BP.43

The medication of choice in the management of acute
aortic dissection is intravenous labetalol or esmolol.! Fast
and immediate lowering of BP within 20 minutes is needed
for these patients, the target value being below 120 mmHg
for systolic BP values. If the BP is still elevated after beta
blocker administration, a nitrate-based vasodilator, such
as nitroglycerin or nitroprusside, is recommended. Beta
blockade should precede the infusion of vasodilator ther-
apy if needed, in order to control BP and to avoid reflex
tachycardia.*?

ACUTE PULMONARY EDEMA

The medication of choice for the management of ma-
lignant hypertension associated with acute pulmonary
edema includes clevidipine, or nitrate-based vasodilators
such as nitroglycerin or nitroprusside.! The BP in these

patients should be decreased in the first few minutes and
up to one hour, with approximately 20-25%, followed by
a decrease to 160/100 mmHg in the subsequent 2—6 hours,
with the goal of reaching normal arterial pressure values
in the next 24-48 hours. Beta-1 receptor antagonists
should not be used in the treatment of acute pulmonary
edema, as higher doses can further decrease the already
impaired respiratory function, due to beta-2 adrener-
gic stimulation and consequent bronchoconstriction.*#
PRONTO was a randomized, active control trial of clevi-
dipine versus standard-of-care (SOC) intravenous anti-
hypertensive therapy in patients with acute heart failure
in the emergency room. More clevidipine patients (71%)
reached the prespecified target BP range than those re-
ceiving standard care (37%; p = 0.002). Serious adverse
events (24% vs. 19%) and 30-day mortality were similar
between the clevidipine and the SOC group.**

ACUTE CORONARY SYNDROMES

Antihypertensive therapy in acute coronary syndrome
(ACS) patients is comprised of multiple pharmacologi-
cal agents.”> The guidelines of the ACC/AHA recommend
for patients with hypertensive emergency and ACS (acute
myocardial infarction with or without ST segment eleva-
tion and unstable angina) treatment with intravenous es-
molol, labetalol, nicardipine, or nitroglycerin.1 The target
blood BP in hemodynamically stable patients with ACS is
<140/90 mmHg. It is recommended to maintain the dia-
stolic BP over 60 mmHg to prevent the decrease of coro-
nary perfusion and aggravation of myocardial ischemia
below this value.® Beta blockers are contraindicated in
moderate to severe left ventricular failure, hypotension
(systolic BP <100 mmHg), bradycardia (<60 bpm), sec-
ond- or third-degree atrioventricular block, and reactive
airways disorders.»*

ACUTE RENAL INJURY

Individuals presenting a hypertensive emergency in as-
sociation with acute kidney injury are electively treated
with clevidipine, fenoldopam. or nicardipine.! Clevidipine
is a safe therapeutic choice due to its tissular metaboliza-
tion properties, which are independent of renal function.*?
VELOCITY, a multicentric trial that included 126 patients
with severe hypertension, aimed to evaluate the safety
and efficacy of clevidipine in patients with kidney failure.
The results were the first to prove that clevidipine is a safe
alternative for kidney failure patients with severely in-
creased blood pressure, and continuous prolonged intra-
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venous infusion of clevidipine allowed a successful switch
to oral antihypertensive treatment.

As we presented above, fenoldopam lowers the periph-
eral vascular resistance and concomitantly stimulates re-
nal perfusion in subjects with non-impaired kidney func-
tion, as well as in those with chronic renal insufficiency.
Data from experimental acute kidney injury models advo-
cate that it also has anti-inflammatory properties, inde-
pendent of its vasodilator actions.4%48

ECLAMPSIA OR PREECLAMPSIA

The target systolic blood pressure in eclamptic or pre-
eclamptic women is below 140 mmHg within the first
hour.#® Hydralazine, labetalol, and nicardipine are the
medication of choice in the treatment of this hypertensive
emergency.»?®47 Inhibitors of the renin-angiotensin-al-
dosterone system, as well as nitroprusside are contraindi-
cated in the treatment of hypertensive emergencies oc-
curring in pregnant women. If the thrombocyte number is
less than 100.000 cells/mm?, the BP should be maintained
below 150/100 mm Hg."49

PERIOPERATIVE HYPERTENSION

Perioperative hypertension is defined as a BP of 160/90
mmHg or higher or an SBP elevation of at least 20% of the
preoperative value, that persists for longer than 15 minutes.
Intraoperative hypertension is most frequently encoun-
tered during anesthesia induction and airway manipula-
tion.>° Intravenous administration of clevidipine, esmolol,
nicardipine, or nitroglycerin are the elective therapeutic
management option for this hypertensive emergency.">52

STATES WITH EXCESSIVE CATECHOLAMINE DISCHARGE

Excessive catecholamine discharge, including pheo-
chromocytoma or a hyperadrenergic status, are treated
with intravenous infusion of phentolamine, nicardipine,
or clevidipine.! The Endocrine Society Clinical Practice
Guideline for Pheochromocytoma endorses decreasing the
systolic BP to below 140 mmHg within the first 60 minutes
by administering intravenous phentolamine as needed to
achieve the target BP. Beta-adrenergic antagonists should
be avoided before administering phentolamine.>

ACUTE INTRACEREBRAL HEMORRHAGE

For acute intracranial bleeding, the ideal pharmacological
agents include labetalol, nicardipine, or esmolol.! Sodium

nitroprusside and hydralazine should be avoided. In adults
with acute intracerebral hemorrhage who present with a
systolic BP above 220 mmHg, intravenous antihyperten-
sive treatment and close BP monitoring is recommended.
In subjects with spontaneous intracerebral hemorrhage
presenting within the first 6 hours from onset, with a sys-
tolic BP ranging from 150 to 220 mmHg, immediate low-
ering of systolic BP below 140 mmHg can be potentially
harmful.54-56

The safety and feasibility of intensive BP lowering in
patients with acute hemorrhagic stroke was investigated
by two pilot, prospective, randomized trials. The INTER-
ACT1 was an international, blinded end-point trial, which
enrolled 404 subjects with acute intracerebral hemorrhage
and elevated systolic BP levels between 150—220 mmHg
within 6 hours from onset. The patients were random-
ized to either intensive BP management (SBP target <140
mmHg) or guideline-based management of BP (SBP tar-
get <180 mmHg). The study aimed to evaluate the safe-
ty, efficacy, and clinical outcomes (death or disability)
of treatment at 90 days. The intensive BP reduction at-
tenuated proportional hematoma growth at 24 hours (not
significantly though, p = 0.06), and the rates of serious
adverse events, neurological deterioration, and poor clini-
cal outcome did not differ significantly between the two
groups. The major concern of this treatment strategy was
a perihematomal ischemia due to the further reduction of
the already compromised cerebral blood flow (produced
by the compression of small arteries by the hematoma and
the associated edema). The ICH-ADAPT trial sought to
analyze the impact of aggressive BP lowering on cerebral
blood flow and provided strong arguments against this
concern. The results of this study revealed that intensive
BP treatment was not related to impaired perihematomal
cerebral blood flow compared to the SOC group.’” This
finding further supports the safety of early BP lowering
in acute intracerebral bleeding. However, it also indicates
that excessive BP treatment has no effect on diminishing
the perihematomal edema.

ACUTE ISCHEMIC STROKE

For acute ischemic stroke, the ideal therapeutic agents are
labetalol and nicardipine.! In subjects with acute (<72 h
from symptom onset) ischemic stroke and increased ar-
terial pressure, who undergo thrombolytic treatment, the
target BP value is below 180/105 mmHg, which should be
maintained for a minimum of 24 hours after thromboly-
sis, with the use of a slow-acting hypertensive medica-
tion.>59 In patients with BP over 220/120 mmHg, who are
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not eligible to receive intravenous alteplase or endovas-
cular treatment, without co-morbidities, but who require
acute BP lowering therapy, the benefits of antihyperten-
sive treatment within the first 48 to 72 hours is uncertain.
A lowering of BP by 15% within the first 24 hours from
onset of the acute cerebrovascular event might be use-
ful.5859 However, individuals with BP <220/120 mmHg
gain no benefits from initiating or reinitiating antihy-
pertensive treatment in the first 48-72 hours after the
stroke, unless they are eligible for fibrinolysis.»>%59

In the CATIS trial, which included 4,071 hypertensive
patients with non-thrombolysed ischemic stroke within
£48 hours of onset, subjects were randomly assigned to ei-
ther receive antihypertensive treatment (to achieve a BP
of under 140/90 mmHg within 7 days) or to discontinue
all antihypertensive medications (control) during hospi-
talization. The conclusion of this trial was that in subjects
with acute ischemic stroke, the administration of BP-low-
ering medications, compared with the absence of hyper-
tensive drugs, did not reduce the risk of death and major
disability at 14 days or at hospital discharge.>®

TREATMENT OF HYPERTENSIVE URGENCIES

Hypertensive urgencies represent the severe elevation of
BP (>180/120 mmHg) but without signs of acute target or-
gan damage. In these individuals, BP should be lowered
progressively, over a period of 24 to 48 hours, and for
orally administered antihypertensive drugs, a close fol-
low-up in outpatient settings is strongly recommended.
BP lowering should be gradual, as there is no confirmed
benefit from a rapid decrease in BP in patients without any
symptoms of acute target organ damage. Also, a rapid fall
in BP could produce important organ damage.’

The recommended oral medication for hypertensive
urgencies includes captopril (12.5—-25 mg p.o.), labetalol
(200—-400 mg p.o.), amlodipine (5—10 mg p.o.), felodipine
(5—10 mg p.o.), isradipine (5—10 mg p.0.), and prazosin
(1-2mgp.o.).3 As we mentioned above, loop diuretics such
as furosemide should be avoided if there is no specific in-
dication for conditions that present volume overload, as
for example in renal parenchymal disease.?

Oral (sublingual) nifedipine is a frequently used phar-
macological agent for the treatment of hypertensive ur-
gencies. After nifedipine administration, within the first
5—10 minutes after ingestion, an important decrease in
the arterial pressure is registered, with a maximum effect
in 30—60 minutes and a duration of circa 6—8 hours. Se-
vere and uncontrolled decrease in BP caused by nifedipine
may trigger cerebral and myocardial ischemic events. Due

to such serious adverse effects, as well as the lack of sci-
entific evidence to confirm its benefits, nifedipine is not
recommended in treating hypertensive urgencies.>?

CONCLUSIONS

Patients presenting in the emergency department with se-
verely increased arterial pressure require careful exami-
nation for signs and symptoms of target organ damage.
A proper initial assessment in needed in order to further di-
rect patient management, for identification and treatment
of possible life threatening complications such as aortic
dissection, acute coronary syndromes, acute heart failure
or cerebrovascular events. The prompt recognition, assess-
ment and treatment of hypertensive urgencies and emer-
gencies can decrease organ damage and mortality.
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