
Part I of this series focused on hypertensive syndromes and
clinical evaluation. This second and final part will cover antihy-
pertensive medications and management of hypertension in spe-
cific disease processes.

—The Editor

Antihypertensive 
Medications

Vasodilators. Nitroglycerin.
Nitroglycerin is an arterial and
venous vasodilator (primarily
venous) that decreases blood
pressure by decreasing venous
return and cardiac output. It
also is a coronary artery dila-
tor. Heart rate usually increases
modestly as a reflex to the fall
in blood pressure, but paradox-
ical bradycardia can occur.
Other adverse effects include
headache and postural
hypotension.

Nitroglycerin is indicated for high blood pressure associated
with cardiac ischemia. Caution should be used in patients with
increased intracranial pressure, uncorrected hypovolemia, con-
strictive pericarditis/pericardial tamponade, and concurrent use

of erectile dysfunction medications such as sildenafil (Viagra) or
tadalafil (Cialis).1

Tolerance to nitroglycerin therapy may occur, therefore result-
ing in poor response to high
doses of nitroglycerin. There-
fore in acute cardiac ischemia
or decompensated heart failure
that is unresponsive to nitro-
glycerin, other agents will need
to be utilized.

There are many forms of
nitroglycerin available. (See
Table 1.) The most useful forms
of nitroglycerin for use in the
emergent setting are sublingual,
aerosol, and injectable. The
onset of action of the transder-
mal form is not rapid enough to
be useful in the setting of acute
chest pain or hypertension. 

Nitroprusside. Nitroprus-
side is a direct vasodilator that, like nitroglycerin, affects both
peripheral arteries and veins as well as the coronary arteries.
It is given only by infusion, as the onset of action is fewer
than five minutes, and the effects dissipate rapidly after stop-
ping the medication.1 Nitroprusside is indicated for the imme-
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diate reduction of blood pressure in patients with a hyperten-
sive emergency. As with all vasodilators, caution should be
used in patients with increased intracranial pressure. Adverse
effects include excessive hypotension and bradycardia or
tachycardia. A well-known adverse effect is cyanide toxicity.
This is more likely to occur in patients who are on high or

prolonged doses or those with renal or hepatic insufficiency.
Although unusual, cyanide toxicity can occur after only a few
hours on nitroprusside. The diagnosis is not made via a
cyanide level, as this is not readily available in the ED, but via
clinical clues including bright red venous blood, confusion,
air hunger, metabolic acidosis, and death. The usual starting
dose of nitroprusside is 0.3 mcg/kg/min with titration upward.
The average effective dose is 3 mcg/kg/min, with the maxi-
mum dose of 10 mcg/kg/min.1

Hydralazine. Hydralazine (Apresoline) is a peripheral
vasodilator, primarily of the arterioles. It decreases peripheral
vascular resistance but increases heart rate and cardiac output.
Hydralazine primarily is used for treatment of blood pressure in
preeclampsia and eclampsia. It has significant adverse effects,
including headache, vomiting, diarrhea, and palpitations. It can
be given orally or parenterally, with the oral route being pre-
ferred. The usual starting dose for all forms is 10 mg.

Minoxidil. Minoxidil (Loniten) is a peripheral vasodilator
that is reserved for patients who do not respond adequately to
maximum doses of a diuretic and two other antihypertensive
agents. Minoxidil may produce serious adverse effects, such as
pericardial effusion, pericardial tamponade, and exacerbation of
angina. The concomitant use of a loop diuretic almost always is
required to prevent fluid retention and congestive heart failure.
The use of a beta-blocking agent almost always is required as
well to prevent increased heart rate, cardiac output, and thus
myocardial oxygen demand. Minoxidil is not an agent that
should be started by the emergency physician unless it is in
conjunction with the patient’s physician and the patient is to be
admitted.1

Fenoldopam. Fenoldopam (Corlopam) is a vasodilator that
is used via titratable infusion to treat hypertensive emergen-
cies. It is a dopamine1 receptor agonist with a half-life of
about five minutes. It generally is well-tolerated, although it
can cause dose-related increase in intraocular pressure and
heart rate as well as mild hypokalemia. It is safe in pregnancy.
The concurrent use of beta-blocking agents with fenoldopam
is contraindicated. It has similar efficacy as nitroprusside but is
more expensive. The dose range is 0.1-0.6 mcg/kg/min infu-
sion. No bolus is needed.1

Diuretics. Diuretics long have played a role in the treatment
of hypertension, both in combination with other agents or as
monotherapy. Elderly and African-American patients respond
more readily to diuretics than do younger and Caucasian
patients. The antihypertensive effects of diuretics are multipha-
sic. Initially the plasma volume decreases, as does cardiac output
and systemic blood pressure.2,3 Later, the plasma volume returns
to normal but the blood pressure remains low due to reduced
peripheral vascular resistance.2

Diuretics are divided into four main classes—thiazide-type,
loop, potassium-sparing, and aldosterone antagonists. 

Thiazide-type Diuretics. These include hydrochlorothiazide
(Oretic), chlorothiazide (Diuril), methylclothiazide, and metola-
zone (Zaroxolyn). They interfere with sodium reabsorption in the
early distal tubule. They are considered to be potassium-sparing
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agents. The antihypertensive effects are due to reduced blood
volume and reduced cardiac output as well as some reduced vas-
cular tone. They often are used to enhance the effectiveness of
other antihypertensive drugs. These drugs generally are well-tol-
erated, but can cause hyperkalemia in patients with renal insuffi-
ciency, diabetes, or advanced age.22 Indications include edema
associated with congestive heart failure, cirrhosis, or renal dis-
ease. These agents should not be used in patients who are anuric
or are allergic to sulfa compounds. Adverse effects include
hyponatremia, hypochloremic alkalosis, hyperkalemia, and
hyperglycemia in diabetics. Hydrochlorothiazide often is found
combined with other agents. 

Loop Diuretics. Loop diuretics prevent sodium reabsorption
in the distal loop of Henle. The agents are potent and have a
rapid onset of action. They also are effective in patients with
renal insufficiency. Furosemide (Lasix) and bumetanide (Bumex)
are available parenterally and produce effective diuresis, espe-
cially in patients with pulmonary edema. Representative agents
include furosemide, bumetanide, torsemide (Demadex), and
ethacrynic acid (Edecrin).1,2

Potassium-sparing Diuretics. Potassium-sparing diuretics
inhibit the sodium for potassium exchange in the distal tubule.
Triamterene and amiloride (Midamor) are considered potassium-
sparing diuretics. They are weak diuretics alone and often are
used in combination with a thiazide.  

Aldosterone Antagonists. Aldosterone antagonists include
spironolactone (Aldactone) and eplerenone (Inspra). They are
potassium-conserving diuretics as well that exert their effects by
blocking aldosterone receptors. Spironolactone’s use is limited
by its endocrine effects, as it has a binding affinity for andro-
genic and progestogenic receptors. Eplerenone is a newer aldos-
terone antagonist that seems to have a lower incidence of those
side effects due to a lesser affinity for those receptors. In early
trials, it demonstrated significantly decreased blood pressure
effects both as a single agent or in combination with other anti-
hypertensives.4

Beta-Blockers. Beta-blockers are first- or second-line agents
for treatment of hypertension, either alone or in combination
with diuretics. Commonly used beta-blockers include atenolol
(Tenormin), metoprolol (Lopressor), propranolol (Inderal),
esmolol (Brevibloc), and nadolol. Combined alpha- and beta-
blockers include labetalol (Normodyne, Trandate) and carvedilol
(Coreg).

The cardioselective and non-cardioselective beta-blockers are
equally effective in the reduction of blood pressure. However, the

cardioselective agents have lower risk of inducing bronchospasm.
Most beta-blockers also have been shown to have anti-ischemic
and anti-anginal properties and thus are recommended in patients
with previous or ongoing myocardial infarction.5

Beta-blockers reduce blood pressure via multiple mecha-
nisms, including reducing heart rate and cardiac output, block-
ing renin release, and blocking the production of angiotensin II
and aldosterone.6 They generally are well-tolerated, with the
most commonly cited side effects including dizziness, ortho-
static hypotension, nausea and gastrointestinal effects, and
fatigue.1 Contraindications to the use of beta-blockers include
reactive airway disease, decompensated congestive heart fail-
ure, second-degree or higher heart block, severe bradycardia,
or hypotension. Labetalol and carvedilol are combined alpha-
and beta-blockers. Esmolol is an ultra-short acting beta-block-
er that is used via continuous infusion. It is useful because the
effects diminish rapidly when the infusion is stopped, thereby
allowing any medication-induced hypotension to reverse.
Beta-blockade is useful in patients with pheochromocytoma
who have tachycardia, palpitations, and catecholamine-
induced arrythmias. Beta-blockade must not be initiated prior
to alpha-blockade because this may result in severe hyperten-
sion as a result of unopposed alpha stimulation from the circu-
lating catecholamines.7 (See Table 2.)

Calcium Channel Blockers. Calcium channel blockers
(CCBs) are a class of antihypertensive drugs known for their het-
erogeneity. The CCBs are divided into two chemically distinct
groups, dihydropyridines (DHPs) and nondihydropyridines. Each
group has its own distinct binding site, but similar mechanism of
action. The approved DHPs include amlodipine (Norvasc),
felodipine (Plendil), nicardipine (Cardene), and nifedipine
(Adalat, Procardia). The DHPs are recognized for their effect on
vascular calcium channels, rather than on the cardiac channels.
The non-DHPs include diltiazem (Cardizem, Dilacor, Tiazac)
and verapamil (Calan, Isoptin, Covera, Verelan). They have dual
action on cardiac and vascular smooth calcium channels; howev-
er, their cardiac influence predominantly is responsible for
decreased automaticity and inotropy. The mechanism by which
they exert their effect is based on the inhibition of intracellular
calcium responsible for maintaining smooth muscle tone and car-
diac contractility. 

The short-acting CCBs have half-lives of 1.5-7 hours. Their
rapid delivery causes a reflex neurohormonal activation of the
sympathetic nervous system that leads to increased heart rate,
increased cardiac output, and increased plasma catecholamines
and renin activity. With prolonged use and scheduled dosing,
these effects are retarded. The long-acting CCBs have half-lives
of 35-45 hours. Multiple early studies documented increased car-
diovascular risk with short-acting CCBs; however, recent large
clinical trials assert that long-acting CCBs are not associated
with increased cardiovascular risk.8 Adverse effects include
flushing, pedal edema, constipation, dizziness, headache,
hypotension, and fatigue. Relative contraindications include con-
gestive heart failure because of the negative inotropic effects,
which can lead to decreased cardiac output and coronary flow,
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Table 1. Forms of Nitroglycerin

• Ointment (7.5 mg per ½ inch)
• Transdermal patch (multiple doses)
• Sublingual (0.4 mg q5 min x 3 doses is typical)
• Injectable (titrate up from 5 mcg/min IV)
• Aerosol (0.4 mg per spray) q 5 min x 3 doses)
• Extended-release oral (multiple doses)



especially with non-DHPs. (See Table 3.)
Angiotensin-converting Enzyme (ACE) Inhibitors. ACE

inhibitors commonly are used in uncomplicated primary
hypertension in white, young, or elderly individuals and
patients with chronic congestive heart failure or a history of
myocardial infarction. This drug is less effective in African-
American patients due to their documented lower renin levels.
The mechanism by which these drugs are successful in con-
trolling blood pressure stems from the overstimulated renin-
angiotensin-aldosterone system. These drugs block the
angiotensin-converting enzyme that cleaves angiotensin I to
form a potent vasoconstrictor angiotensin II. By inhibiting this
action, not only is angiotensin II blocked from forming but
also bradykinin inhibition is inactivated. Vasodilation results
from lower levels of angiotensin II being available for vaso-
constriction and the potent vasodilatory effect of bradykinin.
Furthermore, angiotensin II levels are low such that secretion
and activation of the aldosterone system is inhibited, resulting
in less sodium and water retention.  

Adverse effects include dry cough, rash, fever, altered taste,
hyperkalemia, angioedema, first dose syncope, and leukopenia.
Angioedema can occur even after the patient has been taking an
ACE inhibitor for months. Relative contraindications include
potassium supplementation or spironolactone, pregnancy, and
renal artery stenosis.1,9 (See Table 4.)

Angiotensin Receptor Blockers. The angiotensin receptor
blockers are fairly new drugs used most commonly in patients
who are unable to tolerate ACE inhibitors. The mechanism of
action relies on the ability of effective blockade of the
angiotensin type I receptor and not type II. As reviewed in the
prior section, angiotensin I is converted to angiotensin II by
angiotensin-converting enzyme. Angiotensin II acts on type I and
type II receptors. The type I receptors are responsible for the
known effects of angiotensin II, including vasoconstriction,
increased sodium retention, suppression of renin secretion,
increased endothelial secretion, increased vasopressin release,
and initiation of sympathetic activity. The blood pressure effects

are similar to those of ACE inhibitors. These drugs are more tol-
erable with fewer side effects. (See Table 5.)

Anti-Adrenergic Agents (Alpha-Blockers). The alpha-
blockers are a group of drugs that selectively antagonize the
post-synaptic alpha1 receptors responsible for vasoconstric-
tion. By blocking the alpha1 mediated constriction, there is a
decrease in peripheral resistance with arteriolar and venous
dilation. Since the presynaptic receptor is unblocked, the feed-
back loop of inhibition of norepinephrine release is intact. This
action is responsible for less tachycardia, tolerance, and renin
release. Alpha-blockers commonly are used in renal patients
and those with obstructive prostatism since it relaxes smooth
muscle of the bladder neck. Clonidine (Catapres) is a useful
drug for emergency medicine because it has a short onset of
action, lowers blood pressure predictably, and generally is
well-tolerated. However, chronic clonidine users who abruptly
discontinue its use can develop significant rebound hyperten-
sion. Its side effects include postural hypotension, reflex
tachycardia, first dose syncope, dizziness, weakness, fatigue,
and headache.1,9 (See Table 6.)

Management of Hypertension in Specific Disease
Processes

Hypertension and Ischemic Stroke. Elevated blood pressure
at the time of ischemic stroke is common, probably due to a
physiologic response that maintains adequate perfusion to the
ischemic penumbra. Systemic hypertension also can be a reflec-
tion of the body’s attempt to maintain a cerebral perfusion pres-
sure (CPP = mean arterial pressure-intracranial pressure) that
becomes dependent on systolic blood pressure once the ischemic
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Table 2. Beta-Blockers9

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Atenolol (Tenormin) 25-100 mg
Betaxolol (Kerlone) 5-20 mg
Bisoprolol (Zebeta) 2.5-10 mg
Metoprolol (Lopressor) 50-100 mg
Nadolol 40-120 mg
Propranolol (Inderal) 40-160 mg
Timolol (Blocadren) 20-40 mg
Acebutolol (Sectral) 200-800 mg
Penbutolol (Levatol) 10-40 mg
Pinolol (generic) 10-40 mg
Carvedilol (Coreg) 12.5-50 mg
Labetalol (Normodyne, 200-800 mg

Trandate)
Esmolol (Brevibloc) 50-200 mcg/kg/min

Table 3. Calcium Channel Blockers

CCB- DHP9

Drug (Trade Name) Usual dose range in mg/day
Amlodipine (Norvasc) 2.5-10 mg
Felodipine (Plendil) 2.5-20 mg
Isradipine (Dynacirc) 2.5-10 mg
Nicardipine sustained release 60-120 mg

(Cardene SR)
Nifedipine long acting 30-60 mg

(Adalat CC, Procardia XL)
Nisoldipine (Sular) 10-40 mg

CCB- NON-DHP

Diltiazem extended release 180-420 mg
(Cardizem CD, Dilacor XR, Tiazac)

Diltiazem extended release 120-540 mg
(Cardizem LA)

Verapamil immediate release 80-320 mg
(Calan, Isoptin)

Verapamil long acting 120-360 mg
(Calan SR, Isoptin SR)

Verapamil—Coer 120-360 mg
(Covera HS, Verelan PM)



brain has lost its ability to autoregulate.10 Some authors believe
that an increase in mean arterial pressure (MAP) in the setting of
stroke might be protective. If this is the case, decreasing blood
pressure might lead to further ischemic damage and stroke exten-
sion.11 The desire to do something to initiate secondary preven-
tion without a full appreciation of the potential dangers associat-
ed with excessive blood pressure lowering can be detrimental.12

There is no general agreement on how blood pressure should
be managed in the acute phase of ischemic stroke. Opinions
range from not treating to treating if systolic blood pressure is
greater than 220 mmHg or the diastolic blood pressure is greater
than 120 mmHg.13,14

Elevated blood pressure in stroke is not considered an emer-
gency requiring acute treatment unless associated with an acute
MI or aortic dissection or if the patient is otherwise a candidate
for thrombolytic therapy.10 The recommended blood pressure cut-
off for patients receiving tissue plasminogen activator (TPA) is
180/110.15 However, TPA can be given if the blood pressure can
be brought below 180/110 after one or two doses of medication.

A recent Cochrane review failed to find any evidence of a
clinically meaningful benefit from any specific treatment for
blood pressure in acute stoke.10 However, acute antihypertensive
therapy was not associated with a worse outcome at three months
among control patients in the large National Institute of Neuro-
logical Disorders and Stroke Recombinant Tissue Plasminogen
Activator (NINDS-rTPA) stroke trial.11,16 Other studies are con-
tradictory, noting that the lowering of elevated blood pressure in
acute stroke can result in extension of the infarct and worsening
stroke symptoms and has been shown to result in worse short-
and long-term outcome.17-23

The latest American Heart Association guidelines recommend
treatment of hypertension only if the systolic is greater than 220
mmHg or the diastolic is greater than 140 mmHg or if the MAP
is greater than 130.10

If treatment of hypertension in acute stroke is deemed nec-
essary, the ideal agent would be parenteral, easily titratable,
have a short half-life, and have minimal effect on the cerebral
vasculature.11 The drug that most closely fits this profile is
labatelol. It can be given in IV increments of 10-20 mg every
10 minutes to a total dose of 300 mg. It easily can be switched
over to oral therapy once the acute phase has passed. Direct

vasodilators such as nitroprusside and nitroglycerin should be
avoided, as they can cause increased intracranial pressure.
Most oral agents should not be used in the acute setting as they
are not easily amenable to titration. The overall goal blood
pressure should be no lower than 185/110. Patients with per-
sistent blood pressures greater than 185/110 should not receive
thrombolytic therapy.24

Aortic Dissection. Chronic systemic hypertension is the most
common factor predisposing to aortic dissection and is present in
62-78% of patients with aortic dissection.25-27 Dissection is
thought to occur through aortic dilatation and high blood pres-
sures superimposed on a structural weakness of the arterial
wall.28 Pulsatile pressure extends the dissection by separating the
layers of the arterial wall.11 Extension of the dissection is related
to the aortic pulse wave and the MAP. The aortic pulse pressure
is influenced by heart rate, contractility, and MAP.11 The goals
are to reduce the force of the left ventricular contractions, to
decrease the steepness of the rise of the aortic pulse wave, and to
reduce the systemic arterial pressure to as low a level as possible
without compromising vital organ perfusion.29 Intravenous anti-
hypertensive therapy should be started on all patients except
those that are hypotensive. The blood pressure should be lowered
to a systolic of 100-120 mmHg. Dual agent therapy is preferred
in most patients. A vasodilator such as nitroprusside or nicardip-
ine will decrease the MAP but result in a reflex tachycardia. The
tachycardia can be controlled with a beta-blocker such as
labatelol.24

Congestive Heart Failure. Hypertension is a major cause of
left ventricular failure, and control of high blood pressure slows
the progression of heart failure and improves left ventricular
function. The hypertension associated with acute pulmonary
edema usually is the result of increased peripheral vascular
resistance caused by elevated catecholamines. Occasionally, pul-
monary edema occurs due to an abrupt rise in blood pressure that
precipitates acute left ventricular failure (flash pulmonary
edema) in a patient with no previous history of cardiomegaly.30

In addition to the standard therapy of oxygen and diuretics,
vasodilators such as nitroprusside or nitroglycerin are used to
decrease preload and afterload. Nesiritide is a recombinant B-
type natriuretic peptide that also can be used to decrease preload
and afterload as well as increased cardiac output. However, when
compared to intravenous nitroglycerin, despite nesiritide produc-
ing a greater decrease in pulmonary capillary wedge pressure,
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Table 4. ACE Inhibitors9

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Benazepril (Lotensin) 10-40 mg
Captopril (Capoten) 25-100 mg
Enalapril (Vasotec) 2.5-40 mg
Fosinopril (Monopril) 10-40 mg
Lisinopril (Prinivil, Zestril) 10-40 mg
Moexipril (Univasc) 7.5-30 mg
Perindopril (Aceon) 4-8 mg
Quinapril (Accupril) 10-40 mg
Ramipril (Altace) 2.5-20 mg

Table 5. Angiotensin Antagonists9

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Candesartan (Atacand) 8-32 mg
Eprosartan (Teveten) 400-800 mg
Irbesartan Avapro) 150-300 mg
Losartan (Cozaar) 25-100 mg
Olmesartan (Benicar) 20-40 mg
Telmisartan (Micardis) 20-80 mg
Valsartan (Diovan) 80-320 mg



there is no significant difference in dyspnea and global clinical
status in decompensated congestive heart failure.31

If a patient requires mechanical ventilation to treat pulmonary
edema, caution should be used in treating pre-intubation hyper-
tension. Once an airway is secured and the patient is ventilating
and oxygenating adequately, blood pressure may drop precipi-
tously once the sympathetic stimulation of respiratory distress
diminishes.  

Cardiac Ischemia. Ischemic heart disease is the most com-
mon form of target end-organ damage associated with hyperten-
sion.32 The goal of blood pressure management in the setting of
an acute coronary syndrome is to reduce myocardial oxygen
demand and work while avoiding excessive blood pressure
reduction that may worsen cardiac ischemia because coronary
perfusion pressure depends on diastolic blood pressure.2 Reduc-
ing myocardial work by decreasing blood pressure and heart rate
can reduce infarct size.11,33 In patients with acute coronary syn-
dromes, hypertension initially should be treated with beta-block-
ers, ACE inhibitors, and nitrates.9

Nitroglycerin is a useful agent to treat hypertension in this set-
ting because it is a coronary arterial dilator and reduces preload
and afterload. Sublingual and intravenous nitroglycerin are the
most effective forms used in acute coronary syndrome. Beta-
blockade should be used during acute coronary syndrome as
well, not only to control blood pressure, but to reduce myocardial
oxygen demand. Labatelol or metoprolol are agents commonly
used in this setting. 

Pregnancy. Hypertension is an important cause of maternal
and fetal morbidity and mortality and complicates 6-8% of all
pregnancies.34 Hypertension in pregnancy is best divided into
four categories: chronic hypertension; preeclampsia-eclampsia;
preeclampsia superimposed on chronic hypertension; and ges-
tational (transient) hypertension. Chronic hypertension is
defined as elevated blood pressure (systolic blood pressure =
140 and/or diastolic blood pressure = 90 mmHg) that was either
present prior to conception or was detected before the 20th
week of gestation and does not resolve after delivery.
Preeclampsia-eclampsia is a systemic syndrome characterized
by hypertension occurring after the 20th week of gestation and
usually is accompanied by proteinuria. Eclampsia is the convul-

sive phase of the disorder. Preeclampsia superimposed on
chronic hypertension has a prognosis that is much worse than
for either condition alone and can cause severe maternal and
fetal complications.29 It can be difficult to distinguish superim-
posed preeclampsia from an exacerbation of chronic hyperten-
sion with underlying kidney disease. Nevertheless, it is better to
err on the side of caution and overdiagnose preeclampsia rather
than to miss it.35 Superimposed preeclampsia hypertension is
highly likely in previously hypertensive women who have a
new-onset of proteinuria, in women with hypertension and pro-
teinuria before 20 weeks’ gestation, a sudden, precipitous
increase in blood pressure (greater than 30 mmHg systolic or
greater than 15 mmHg diastolic) in women with previously
controlled hypertension; thrombocytopenia (fewer than 100,000
cells/mm3) or abnormal alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) levels.35 Gestational (tran-
sient) hypertension, a relatively benign condition, is elevated
blood pressure occurring without proteinuria with onset late in
pregnancy or the early puerperium that resolves within 12
weeks of delivery. The cause of preeclampsia is not known.
Many consider the placenta to be the pathogenic focus for all
manifestations of preeclampsia because delivery is the only
definitive cure of this disease. Thus research has focused on the
changes in the maternal blood vessels that supply blood to the
placenta.34

The most commonly used drugs in treatment of preeclamp-
sia/eclampsia include hydralazine and labetalol. Nitroprusside
can be used if necessary. Magnesium sulfate is indicated as well,
especially if seizures have occurred. Treatment should be done in
conjunction with an obstetrician.  

Intracranial Hemorrhage. Damage to the brain as a target
organ as a result of hypertension may manifest in many forms,
including acute chronic hypertensive encephalopathy, lacunar
infarction, intracerebral hemorrhage, subarachnoid hemor-
rhage, ischemic stroke, and transient ischemic attacks. The
most devastating hypertensive-related organ damage in the
brain manifests as intracerebral hemorrhage (ICH). ICH usual-
ly is caused by arterial bleeding into the brain parenchyma
from small penetrating arteries. These vessels, affected by
long-term hypertension, have reduced compliance and an
increased likelihood of spontaneous rupture. The most fre-
quent anatomic locations for hypertensive ICH include the
putamen, globus pallidus, external capsule, subcortical white
matter, thalamus, internal capsule, the cerebellum, and brain
stem.36 Shortly after vessel rupture, a large hematoma forms
with adjacent cytotoxic and vasogenic edema. The progression
of the edema is directly related to patient morbidity and mor-
tality. ICH can present either suddenly or with a gradual onset.
Findings are related to the anatomic location and size of the
ICH. Universal symptoms include headache, nausea, vomiting,
decreased consciousness, elevated blood pressure, and focal
neurological deficits. Noncontrast CT remains the most rapid,
reliable, and readily available neuroimaging technique in most
EDs.36 It has a sensitivity of 100% in diagnosing ICH. Fresh
blood appears hyperdense (white) on CT scan. The CT of the
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Table 6. Alpha1 Blockers and Central Alpha2
Agonists

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Alpha1 blockers9

Doxazosin (Cardura) 1-16 mg
Prazosin (Minipress) 2-20 mg
Terazosin (Hytrin) 1-20 mg

Central alpha2 agonist
Clonidine (Catapres) 0.1-0.8 mg
Clonidine patch 0.1-0.3 mg per week
(Catapres-TTS) 

Methyldopa (Aldomet) 250-1000 mg
Reserpine (generic) 0.05-0.25 mg
Guanfacine (generic) 0.5-2 mg



brain also provides information on the location, size/grade,
presence of ventricular blood, surrounding edema, mass affect,
hydrocephalus, or midline shift. The management of these
patients includes vigilant airway surveillance and early inter-
vention, blood pressure control, and intracranial pressure
reduction (medical or surgical). Commonly held dogma dic-
tates that blood pressure control in the setting of brain hemor-
rhage should be more aggressive than for patients with
ischemic strokes so as to decrease the risk of continued bleed-
ing. However, the relationship between rebleeding and sys-
temic blood pressure is unproven, and overly aggressive lower-
ing of blood pressure might decrease cerebral perfusion pres-
sure and worsening brain injury.11,37 The American Heart Asso-
ciation/ American Stroke Association (AHA/ASA) guidelines
recommend similar blood pressure control as in ischemic
strokes with a MAP goal of 130 mmHg. Useful agents include
nicardipine, labatelol, esmolol, and enalapril. 

Renal Failure. The kidney is both the target and the cause of
hypertension syndromes. Chronic hypertension is a common
cause of end-stage renal disease. The kidneys typically are
atrophic and there is mild proteinuria. In contrast, malignant
hypertension results in enlarged kidneys and severe proteinuria.
Severe hypertension in young patients should raise suspicion for
intrinsic renal disease. 

Acute renal failure associated with a severe elevation of blood
pressure is considered to be a hypertensive emergency and
should be treated aggressively. This is an uncommon presenta-
tion, however. Poorly controlled blood pressure that is associated
with chronic renal failure is the more common scenario. The
overall goal of hypertension treatment in patients with chronic
renal disease is to slow progression of the renal disease. This
often requires several medications. The rapidity of reduction in
blood pressure is dependent on the severity of the associated
symptoms, as with all hypertension syndromes. Too rapid reduc-
tion to a normal is associated with worsening renal failure. Sug-
gested agents include beta-blockers, calcium channel blockers,
nitroprusside, nitroglycerin, and clonidine. ACE inhibitors are
used in chronically hypertensive patients with renal insufficiency,
and caution should be used in patients who have hyperkalemia
and acute uremia. If a patient has undiagnosed bilateral renal
artery stenosis, use of an ACE inhibitor may precipitate worsen-
ing renal failure and severe hyperkalemia.11

Disposition
The Joint National Committee on Prevention, Detection, Eval-

uation, and Treatment of High Blood Pressure (JNC) guidelines
are designed for primary care providers with no specific emphasis
on the role of emergency physicians in the treatment of newly
diagnosed or poorly controlled hypertension. However, the guide-
lines still can be applied to patients in the ED with special consid-
eration for arrangement of follow-up and monitoring on an outpa-
tient basis. Initial treatment strategies must include lifestyle modi-
fications, including dietary changes, tobacco cessation, weight
loss, increased physical activity, and decreased alcohol intake. 

If the patient is considered likely to be non-compliant or

unable to follow up for blood pressure monitoring, it would
be acceptable to place this patient in a short-term observation
unit for treatment and monitoring. Patients with hypertensive
emergencies should be admitted to an intensive care unit
(ICU) setting. Patients with severely elevated blood pressure
can be admitted to at least a short stay unit or monitored unit
for gradual reduction of blood pressure and initiation of oral
antihypertensive therapy. Many asymptomatic patients with
high blood pressure that is discovered incidentally can be dis-
charged safely from the ED, with or without medication as
long as adequate follow-up is emphasized. 

This decision to start antihypertensive therapy from the ED
is made by each physician individually, with the awareness that
increasing numbers of patients are turning to the ED for their
sole source of medical care, often due to lack of access to pri-
mary care providers. If the emergency physician decides to start
antihypertensive therapy from the ED, some general guidelines
can be applied. The key is to pick a medication that suits any
underlying pathology and minimizes the chances of exacerbat-
ing it.2 It is reasonable to contact the physician that the patient
is to follow-up with and discuss the choice of medication. A
patient may resume a previously successful regimen as the sim-
plest course of action. For patients previously diagnosed with
hypertension that is poorly controlled, the dose of their current
medication may be increased or an additional agent may be
added. Monotherapy with most antihypertensive drugs effec-
tively controls blood pressure in fewer than 50% of patients.2,38

The most common cause of resistant hypertension is volume
overload, so adding a diuretic is a reasonable next step. Low-
dose diuretics are highly effective in lowering blood pressure
and often are used with other agents, such as beta-blockers,
ACE inhibitors, CCBs, or angiotensin receptor blockers. Using
such combinations may result in normotensive levels in up to
80% of patients, whereas monotherapy may be effective in only
40-50% of patients.23

For a new diagnosis of hypertension in a patient with no co-
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Table 7. Compelling Indications for Individual
Drug Classes9

COMPELLING INDICATION INITIAL THERAPY OPTIONS

Heart failure THIAZ, BB, ACEI, ARB, ALDO ANT
Post myocardial infarction BB, ACEI, ALDO ANT
High CVD risk THIAZ, BB, ACEI, CCB  
Diabetes THIAZ, BB, ACEI, ARB, CCB
Chronic kidney disease ACEI, ARB
Recurrent stroke THIAZ, ACEI

prevention

Key:
THIAZ = thiazide diuretic
ACEI = angiotensin converting enzyme inhibitor
ARB = angiotensin receptor blocker
BB = beta-blocker
CCB = calcium channel blocker
ALDO ANT = aldosterone antagonist



morbid illnesses, therapy with a thiazide-type diuretic alone is
indicated for most patients. For patients with co-morbidities, cer-
tain agents are recommended over others, depending on the asso-
ciated medical problem. The recommendations from the JC7
committee are summarized in Table 7.

Patients with renal disease often require multiple medica-
tions to control their blood pressure. Hypertension manage-
ment in these patients is best done in conjunction with their
nephrologist.  Older, otherwise healthy patients can be started
on a low-dose diuretic or long-acting dihydropyridine calcium
channel blocker. African-American patients demonstrate
reduced blood pressure responses to monotherapy with beta-
blockers, ACE inhibitors, and angiotensin receptor blockers
compared to diuretics or calcium channel blockers. They also
have increased risk of angioedema associated with ACE
inhibitor use.9

Summary 
There is no one correct approach to management of each

hypertension syndrome. Local practices vary, as do physi-
cians’ opinions as to what constitutes a worrisome blood
pressure. Many patients with elevated blood pressure can be
discharged safely from the ED, with or without a prescription
for an antihypertensive medication. Whatever course of
action the physician chooses, the patient should understand
the issues and importance of prompt follow-up and having
the referral physician be involved in the management plan
whenever possible.
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Physician CME Questions

71. Which of the following drugs does not have vasodilation as a main

mechanism of action?

A. Labetalol

B. Minoxidil

C. Hydralazine

D. Nitroprusside

E. Fenoldopam

72. Which class of medications is associated with angioedema and

cough?

A. Calcium channel blockers

B. Beta-blockers

C. Angiotensin receptor blockers (ARBs)

D. Angiotensin-converting enzyme (ACE) inhibitors 
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E. Diuretics

73. Regarding hypertension and stroke, which of the following statements

is false?

A. There is a firm consensus on the management of elevated blood

pressure associated with acute stroke. 

B. Hypertension associated with acute stroke is probably due to a

physiologic response to maintain perfusion to the ischemic

penumbra.

C. The recommended blood pressure cutoff for using TPA in stroke

is 180/110 mmHg.

D. Vasodilators should be avoided as they may increase intracranial

pressure.

E. If the blood pressure needs to be treated, useful agents include

labetalol.

74. Which of the following statements regarding nitroglycerin is true?

A. Caution should be used in patients with concurrent use of erec-

tile dysfunction medicaitons, uncorrected hypovolemia, and

increased intracranial pressure.

B. Tolerance to nitroglycerin therapy can occur, leading to a poor

response to high doses.

C. It is indicated for high blood pressure associated with cardiac

ischemia.

D. The most useful forms in the emergent setting are sublingual,

aerosol, and injectable.

E. All of the above

75. A 56-year-old male who hasn’t seen a doctor in “years” presents to

the ED for a laceration on his leg. His blood pressure was noted to be

190/85 on initial presentation and 186/92 on repeat measurement. His

only complaint is the laceration, and the remainder of the physical

examination is normal. Which of the following choices describes an

unnecessary management option?

A. Immediately medicate with an antihypertensive agent and admit

the patient for observation. 

B. Treat the patient with a low-dose oral agent in the ED and 

discharge him with a prescription and instructions for close 

follow-up.

C. Provide no treatment, educate the patient, and instruct him to 

follow up within a week.

D. All choices are medically indicated.

76. Cardioselective and noncardioselective beta-blockers are equally

effective in reducing blood pressure, but cardioselective agents have a

lower risk of inducing bronchospasm.

A. True

B. False

77. Hypertension is a significant risk factor for which of the following?

A. Maternal and fetal morbidity and mortality

B. End-stage renal disease

C. Left ventricular failure

D. Aortic dissection

E. All of the above 

78. Abrupt withdrawal of which of the following medications is associat-

ed with significant rebound hypertension?

A. Lisinopril

B. Nitroglycerin

C. Diltiazem

D. Hydralazine

E. Clonidine 

79. Most patients with hypertension easily can be controlled with one

medication.
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you.

Emergency Medicine Reports 

CME Objectives

To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

(including the implications of pharmaceutical therapy 
discussed) to patients with the particular medical problems 
discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.



A. True

B. False

80. Which of the following medications is considered to be a loop 

diuretic?

A. Labetalol

B. Furosemide

C. Spironolactone

D. Diltiazem

April 4, 2005/Emergency Medicine Reports 93

CME Answer Key

71. A
72. D
73. A
74. E
75. A

76. A
77. E
78. E
79. B
80. B
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• Sublingual (0.4 mg q5 min x 3 doses is typical)
• Injectable (titrate up from 5 mcg/min IV)
• Aerosol (0.4 mg per spray) q 5 min x 3 doses)
• Extended-release oral (multiple doses)

ACE Inhibitors

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Benazepril (Lotensin) 10-40 mg
Captopril (Capoten) 25-100 mg
Enalapril (Vasotec) 2.5-40 mg
Fosinopril (Monopril) 10-40 mg
Lisinopril (Prinivil, Zestril) 10-40 mg
Moexipril (Univasc) 7.5-30 mg
Perindopril (Aceon) 4-8 mg
Quinapril (Accupril) 10-40 mg
Ramipril (Altace) 2.5-20 mg

Beta-Blockers

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Atenolol (Tenormin) 25-100 mg
Betaxolol (Kerlone) 5-20 mg
Bisoprolol (Zebeta) 2.5-10 mg
Metoprolol (Lopressor) 50-100 mg
Nadolol 40-120 mg
Propranolol (Inderal) 40-160 mg
Timolol (Blocadren) 20-40 mg
Acebutolol (Sectral) 200-800 mg
Penbutolol (Levatol) 10-40 mg
Pinolol (generic) 10-40 mg
Carvedilol (Coreg) 12.5-50 mg
Labetalol (Normodyne, 200-800 mg

Trandate)
Esmolol (Brevibloc) 50-200 mcg/kg/min

Angiotensin Antagonists

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Candesartan (Atacand) 8-32 mg
Eprosartan (Teveten) 400-800 mg
Irbesartan Avapro) 150-300 mg
Losartan (Cozaar) 25-100 mg
Olmesartan (Benicar) 20-40 mg
Telmisartan (Micardis) 20-80 mg
Valsartan (Diovan) 80-320 mg

Calcium Channel Blockers

CCB- DHP

Drug (Trade Name) Usual dose range in mg/day
Amlodipine (Norvasc) 2.5-10 mg
Felodipine (Plendil) 2.5-20 mg
Isradipine (Dynacirc) 2.5-10 mg
Nicardipine sustained release 60-120 mg

(Cardene SR)
Nifedipine long acting 30-60 mg

(Adalat CC, Procardia XL)
Nisoldipine (Sular) 10-40 mg

CCB- NON-DHP

Diltiazem extended release 180-420 mg
(Cardizem CD, Dilacor XR, Tiazac)

Diltiazem extended release 120-540 mg
(Cardizem LA)

Verapamil immediate release 80-320 mg
(Calan, Isoptin)

Verapamil long acting 120-360 mg
(Calan SR, Isoptin SR)

Verapamil—Coer 120-360 mg
(Covera HS, Verelan PM)

Alpha1 Blockers and Central Alpha2 
Agonists

DRUG (TRADE NAME) USUAL DOSE RANGE IN MG/DAY 

Alpha1 blockers
Doxazosin (Cardura) 1-16 mg
Prazosin (Minipress) 2-20 mg
Terazosin (Hytrin) 1-20 mg

Central alpha2 agonist
Clonidine (Catapres) 0.1-0.8 mg
Clonidine patch 0.1-0.3 mg per week

(Catapres-TTS) 
Methyldopa (Aldomet) 250-1000 mg
Reserpine (generic) 0.05-0.25 mg
Guanfacine (generic) 0.5-2 mg

Compelling Indications for Individual 
Drug Classes

COMPELLING INDICATION INITIAL THERAPY OPTIONS

Heart failure THIAZ, BB, ACEI, ARB, ALDO ANT
Post myocardial infarction BB, ACEI, ALDO ANT
High CVD risk THIAZ, BB, ACEI, CCB  
Diabetes THIAZ, BB, ACEI, ARB, CCB
Chronic kidney disease ACEI, ARB
Recurrent stroke THIAZ, ACEI

prevention

Key:
THIAZ = thiazide diuretic
ACEI = angiotensin converting enzyme inhibitor
ARB = angiotensin receptor blocker
BB = beta-blocker
CCB = calcium channel blocker
ALDO ANT = aldosterone antagonist
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