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Abstract: Although the prevalence of hypertension in the pediatric

population is estimated at only 1% to 2%, hypertensive urgencies

and emergencies may be encountered in the emergency department.

Efficient management of these children is of utmost importance to

avoid some of the life-threatening complications associated with

hypertension and its treatment. This article serves to review some

of the important aspects of pediatric hypertensive emergencies,

including diagnosis, emergency department investigations, and phar-

macologic management.
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TARGET AUDIENCE
This CME activity is intended for physicians, nurses,

physician assistants, and nurse practicioners who care for

children in an office, urgent care or emergency department

setting. Emergency and critical care physicians caring for

children will find the information contained in this article

particularly useful.

LEARNING OBJECTIVES
After completion of this article, the reader will be

able to:

1. Recall the key elements necessary for the diagnosis and

investigation of hypertension.

2. Discuss the differential diagnosis of hypertension by age

group.

3. Discuss the various pharmacologic treatment options for

the management of hypertensive urgencies and emergencies.

T he prevalence of hypertension in the pediatric population

is estimated at 1% to 2% according to most studies.

Although the overall prevalence has remained constant for

the past decade, there has been a notable increase in the

incidence of primary hypertension in children, likely due to

the rising trend toward childhood obesity.1

The role of the emergency physician is to recognize

potentially harmful blood pressures in children and ensure

they are adequately treated, so as to avoid life-threatening

complications. A hypertensive emergency is a severely ele-

vated blood pressure with evidence of target organ injury.

Most commonly, organ injury secondary to hypertension in-

volves damage to the central nervous system, kidneys, or

cardiovascular system. A hypertensive urgency is a severely

elevated blood pressure with no current evidence of sec-

ondary organ damage, although if left untreated, target organ

injury may result imminently.

DEFINING HYPERTENSION IN THE
PEDIATRIC POPULATION

Significant variability exists over how hypertension

is defined in the pediatric population. In its 1987 report, the

Second Task Force on Blood Pressure Control in Children

stated that by clinical experience and consensus alone, av-

erage systolic and/or diastolic blood pressures persistently

above the 95th percentile should be considered hyperten-

sive.2 Severe hypertension was defined as blood pressures

above the 99th percentile for age and sex. The 2004 report

on high blood pressure in children and adolescents reiter-

ates these definitions, but states that children with blood

pressures greater than 5 mm Hg above the 99th percentile

require prompt treatment.3

BLOOD PRESSURE MEASUREMENT
Accurate blood pressure measurement requires using

adequate equipment and proper technique. Blood pressure
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measurements should be taken with the patient in a seated

position, using the child’s right arm placed at the level of

the heart. The right arm should be used for ease of compar-

ison to standardized tables. In the emergency department

in particular, abnormally high blood pressures should be

repeated after a few moments of quiet rest.

Blood pressure cuff size is critical in measuring blood

pressure accurately, as a cuff that is too small will produce

blood pressure measurements that are artificially high.

Similarly, a cuff that is too large will produce measurements

that are artificially low. If, however, the size of a child’s arm

falls between two cuff sizes, the larger of the two should be

used. The width of the inflatable bladder should be at least

40% of the arm circumference at a point midway between

the acromion process and the olecranon.3 Using commercial

blood pressure cuffs that are available, this will usually

produce a bladder length that encircles 80% to 100% of the

circumference of the arm.4

In the emergency department setting, use of an auto-

mated oscillometric device for measuring blood pressures

is common. Although this is useful in young infants and

in the noisy environment of the emergency department, care

must be taken to ensure that the machine is calibrated for

accuracy on a regular basis. It is recommended that abnor-

mal blood pressures be verified by auscultation using a

sphygmomanometer.

DIFFERENTIAL DIAGNOSIS
The differential diagnosis of hypertension in the pedi-

atric population depends largely on the age of the child.

Typically, the higher the blood pressure, the more likely it

is that a secondary cause for the hypertension exists.

In the first year of life, renovascular disease, renal pa-

renchymal disease (including congenital anomalies of the

kidney), and coarctation of the aorta should be considered.

In early childhood, renal parenchymal disease is among the

more common causes of hypertension. Renovascular disease

and coarctation of the aorta should also be considered in

this age group. In school-aged children, essential hypertension

becomes increasingly common, although less so than renal

parenchymal and renovascular causes. Beyond 12 years, es-

sential hypertension is the most common cause of hyperten-

sion, although this less frequently results in a hypertensive

urgency or emergency compared with other causes. Endo-

crine causes of hypertension, such as pheochromocytoma

and Cushing disease, should be considered in all age groups,

although these remain uncommon causes of hypertension

in the pediatric population. Elevated intracranial pressure,

medications, and drugs of abuse such as cocaine and amphet-

amines may also result in moderate to severe hypertension.

Table 1 outlines the common causes of hypertension by age

group.5,6

CLINICAL ASSESSMENT

History
The history of the presenting complaint should focus on

determining causes of hypertension and assessing wheth-

er target organ system damage has occurred. Prior history

of hypertension and treatment of hypertension is particularly

important, as abrupt withdrawal of some hypertensive med-

ications may be detrimental to the patient.7 Symptoms of

visual changes, central nervous system disturbance, renal

disease, and cardiovascular compromise should be elicited.

Flushing, tachycardia, and weight changes may provide clues

to an endocrine cause of hypertension. History of umbilical

vessel catheterization, genitourinary abnormalities, or recent

head injury is also important, as is the use of medications

that may cause elevations in blood pressure, such as oral con-

traceptive pills and steroids. A social history detailing the use

of any substances of abuse is often helpful. Finally, a family

history of essential hypertension or endocrinopathies can pro-

vide useful clues to the etiology of the child’s hypertension.

Physical Examination
Physical examination should begin with a full set of

vital signs, including 4-limb blood pressures, respiratory

rate, heart rate, and oxygen saturation. An accurate weight,

and if possible, height, should be determined. Funduscopic

examination, and a full neurologic examination including

mental status evaluation, should be conducted, when possi-

ble, to assess for hypertensive encephalopathy. Evidence

of an acute head injury is usually obvious, but the possibility

of an occult head injury, as seen in child abuse, should be

considered, particularly in younger children. Cardiovascular

TABLE 1. Common Causes of Hypertension in Children*

Age Group Cause

Newborns Renal vessel thrombosis

Renal artery stenosis

Congenital renal anomalies

Coarctation of the aorta

Early childhood (Infancy to 6 years) Renal parenchymal disease

Renovascular disease

Coarctation of the aorta

School age (6–10 years) Renal parenchymal disease

Renovascular disease

Essential hypertension

Adolescence Essential hypertension

Renal parenchymal disease

Renovascular disease

*Although significantly less common, endocrine causes of hypertension,
such as pheochromocytoma and Cushing disease, should be considered in all
age groups.
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examination should focus on signs of ventricular hypertro-

phy or cardiac failure, including pulmonary edema, hepato-

megaly, additional heart sounds on auscultation, tachycardia,

or a displaced apical impulse. Femoral pulses should be

evaluated to exclude coarctation of the aorta. Renal artery

bruits, edema, or growth failure may point to an underlying

renal cause for the hypertension.

Ancillary Investigations
Diagnostic testing for hypertensive urgencies and

emergencies in the emergency department should be limited

to the simplest of investigations, as the primary goal in the

emergency department is to acutely lower the blood pressure.

Initial investigations in the emergency department depend on

findings from the history and physical examination.

Most children should have a chest x-ray and an elec-

trocardiogram to evaluate for signs of cardiac involvement

secondary to the hypertension. A CT of the head may be

indicated if the patient has any abnormal neurologic find-

ings. Urinalysis and serum BUN and creatinine determina-

tions are helpful in determining baseline renal function. A

complete blood count should also be performed to rule out

evidence of a microangiopathic hemolytic anemia, as would

be seen in hemolytic-uremic syndrome. Anemia may also be

encountered in renal failure or glomerulonephritis.

More specialized testing, based on the results of ini-

tial investigations, may be indicated once the child’s blood

pressure is more controlled. This may include further radio-

logic investigations and hormonal studies.

MANAGEMENT
Usually, the patient with a persistent mild to moder-

ate blood pressure elevation in the emergency department

can be discharged with close follow up to institute outpa-

tient evaluation and management. Management of severely

elevated blood pressure, on the other hand, should focus on

lowering the blood pressure in a safe and timely manner, and

treating any secondary complications that the hypertension

may have caused.

It is recommended that blood pressure be reduced by

no more than 25% in the first 2 hours, then reduced gradu-

ally to normal over the next 3 to 4 days. This is because in

long-standing hypertension, cerebral vascular autoregulatory

mechanisms are frequently overwhelmed and can no longer

compensate for rapid changes in pressure. Rapid lowering

of blood pressure in such cases can result in serious neuro-

logic sequelae.8

Medications used to treat hypertension should be cho-

sen according to their side-effect profile, availability, and

physician familiarity with the drug. The intravenous route

for medication administration is preferred for most hyper-

tensive emergencies, because it allows for easier titration

and more predictable absorption.9 As with many pharma-

cologic agents used in pediatrics, many of the drugs pre-

sented here have not been specifically studied in children;

rather, their use has been extrapolated from the adult

literature.

Sodium Nitroprusside
Sodium nitroprusside is an arterial and venous vasodi-

lator that is among the more commonly used agents for the

treatment of hypertensive urgencies and emergencies. It does

not have significant inotropic or chronotropic effects on the

heart.10

Sodium nitroprusside has an extremely short half-life

and requires administration by continuous infusion. Al-

though the short half-life causes a nearly immediate return

of blood pressure to pretreatment levels upon discontinuation

of the drip, it is a drug that can easily be titrated to effect

owing to its rapid onset and termination of action. Dosing

recommendations start at 0.3 to 0.5 mg/kg/min, to a maxi-

mum of 8 mg/kg/min. Most patients will respond to rates of

approximately 3 mg/kg/min.11

Nitroprusside is metabolized by erythrocytes to cya-

nide, which is subsequently converted to thiocyanate in the

liver and excreted by the kidneys. As a result, extreme cau-

tion should be exercised when using this drug in patients

with impaired hepatic or renal function. Moreover, use of

the drug for longer than 24 to 48 hours can lead to an

accumulation of cyanide and thiocyanate in the blood, caus-

ing signs and symptoms of toxicity. Signs of cyanide toxic-

ity include metabolic acidosis, tachycardia, altered level of

consciousness, decreased reflexes, and methemoglobinemia.

Thiocyanate toxicity may also cause an alteration in men-

tal status, as well as nausea, seizures, anorexia, and coma.

Because of these potential toxicities, cyanide and thiocya-

nate levels should be obtained when used in patients with

hepatic or renal impairments, for infusions lasting more than

24 hours, or when used at doses higher than 3 mg/kg/min.

Cyanide toxicity may be treated with amyl nitrite, sodium

nitrate, and sodium thiosulfate. Sodium thiosulfate may also

be used to prevent thiocyanate toxicity.12,13

Sodium nitroprusside has been shown in adults to

cause an increase in intracranial pressure, although it is be-

lieved that the accompanying drop in blood pressure blocks

the rise in cerebral blood flow. Consequently, nitroprusside

is still recommended, in the adult literature, for use in

patients with cerebrovascular accidents and hypertensive

encephalopathy.14,15 It should not be used in the pregnant

patient due to adverse outcomes demonstrated in animal

studies.16 The drug should be protected from light to prevent

its degradation.

Labetalol
Labetalol is both an a and b sympathetic blocker.

Its mechanism of action is through reduction of peripheral
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vascular resistance. Its plasma half-life is 3 to 5 hours,

making it more difficult to titrate than sodium nitroprus-

side.11

Labetalol may be administered by continuous infusion

or bolus dosing. Dosing recommendations vary consider-

ably in the literature. For continuous infusions, recommen-

dations range from 0.2 to 3 mg/kg/h. Labetalol may also be

administered by intermittent boluses of 0.2 to 1 mg/kg, or

by an initial bolus of 0.2 to 1 mg/kg followed by a con-

tinuous infusion of 0.25 to 1.5 mg/kg/h.11

As with many b-blockers, labetalol is contraindicated

in patients with asthma and chronic lung disease as it may

precipitate bronchospasm. It is also contraindicated in pa-

tients with congestive heart failure due to its negative

inotropic and dromotropic effects. Labetalol may also mask

signs and symptoms of hypoglycemia, and should be used

with caution in children with diabetes.10

Nicardipine
Nicardipine is a dihydropyridine calcium channel

blocker, the first of its class approved for intravenous ad-

ministration. It works by blocking the movement of calcium

across vascular smooth muscle cells, thereby preventing

contraction and decreasing total vascular resistance. Unlike

other calcium channel blockers, nicardipine has limited ef-

fects on chronotropic, inotropic, and dromotropic function of

the heart.

Although nicardipine has been extensively studied in

adults, experience in children is mostly limited to case re-

ports. Most reports highlight use of the drug in cases where

sodium nitroprusside or intravenous labetalol may be contra-

indicated, such as in hepatic or renal failure, and in patients

with asthma or lung disease.17,18

The recommended starting dose of nicardipine is 0.5

to 1 mg/kg/min, to a maximum of 3 mg/kg/min. The rate

of infusion should be increased every 15 to 30 minutes until

the desired effect is achieved. Some authors recommend a

starting dose of 5 mg/kg/min followed by 1 to 3 mg/kg/min

once the desired mean arterial pressure is achieved. Its onset

of action is within a few minutes, and half-life is 10 to 15

minutes.19

Adverse effects of nicardipine include increased intra-

cranial pressure. As a result, caution should be exercised in

children with space-occupying lesions. Other side effects

include headache, nausea, and hypotension.18

Esmolol
Esmolol is a cardioselective b-adrenergic blocking

agent. Some authors suggest it is of particular use in the

management of hypertensive crises associated with the re-

pair of congenital heart disease.11 When given as in in-

travenous infusion, a loading dose of 100 to 500 mg/kg

followed by a continuous infusion of 50 to 300 mg/kg/min

should be administered. Side effects are similar to those of

any other beta-blocking agents; these may include broncho-

spasm, bradycardia, and congestive heart failure.3,7

Hydralazine
Hydralazine is a potent arterial vasodilator that is used

to reduce systemic blood pressure. Its onset of action is 5 to

30 minutes with a duration of action lasting 4 to 12 hours.

Although it remains one of the oldest antihypertensive agents

available, it has largely been replaced by faster acting, more

effective drugs.11

The drug is administered by the intravenous route,

usually every 4 to 6 hours. The recommended dose of hy-

dralazine is 0.1 to 0.5 mg/kg/dose to a maximum dose of 20

mg. Adverse effects include flushing, tachycardia, hypoten-

sion, and lupus-like syndrome.7,12

Fenoldopam
Fenoldopam is a selective dopamine agonist causing

vasodilation of the renal, coronary, cerebral, and splanchnic

vasculature, thus resulting in a decrease in mean arterial

pressure. The use of fenoldopam in pediatrics has increased

in recent years. Case reports have demonstrated success with

its use for controlled hypotension during spinal instrumen-

tation, and in the intensive care setting when conventional

therapy was unsuccessful.20,21

In adults, peak effects of fenoldopam have been ob-

served in 5 to 15 minutes, with steady-state serum levels

achieved in 30 to 60 minutes. Infusion rates of 0.1 to 2 mg/

kg/min have been reported for use in children. Side effects

include reflex tachycardia, increased intracranial pressure,

and increased intraocular pressure. Although pediatric ex-

perience with fenoldopam is limited, it appears to be a rea-

sonable alternative to other more conventional therapies.

Nifedipine
Much controversy has arisen in the literature over the

use of nifedipine in the pediatric population.22–24 In adults,

reports of adverse cardiac and neurologic sequelae second-

ary to hypotension from the use of nifedipine have led to

a moratorium on its use in the treatment of adult hyper-

tension. This has led many to question its use in children.

Similar sequelae related to hypotension have not been

observed in children, however. Instead, case reports have

been published detailing rebound hypertension causing ad-

verse neurologic events associated with the use of short-

acting nifedipine.25

Nevertheless, many nephrologists continue to use ni-

fedipine for the treatment of moderate to severe hyperten-

sion. Blaszak et al26 published a retrospective study of 117

children treated with nifedipine, determining that the drug

is safe and effective provided the initial dose is no greater

than 0.25 mg/kg. No clinically significant side effects were

observed during the study.
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Nifedipine can be administered sublingually or orally.

For enhanced absorption, the liquid-filled capsule may be

bitten and swallowed. Because the smallest dose avail-

able is a 10-mg capsule, the liquid within the capsule is

often aspirated with a small needle for smaller dosing

requirements.

Due to the unpredictable nature of the orally admin-

istered drug, it is recommended that use of nifedipine be

limited to hypertensive urgencies alone. Intravenous medi-

cations are better suited to hypertensive emergencies.

Other Agents
Several other agents have been used in pediatrics to

treat hypertension in more specific situations. Phentolamine

has been used with success in the treatment of hyperten-

sive crises secondary to pheochromocytoma or increased

plasma catecholamines, as seen in cocaine and amphetamine

overdose. Enalaprilat, the intravenous formulation of enal-

april, has been used for hypertension associated with

high renin states. Details of these drugs are outlined in

Table 2.11,12

CONCLUSIONS
Although relatively uncommon in the emergency de-

partment, pediatric hypertensive urgencies and emergencies

must be recognized and treated promptly. Treatment goals

are to lower the blood pressure in a safe and effective

manner, and to recognize and treat any secondary sequelae

which may result from the hypertensive crisis. The medi-

cation chosen to accomplish adequate blood pressure reduc-

tion should depend on its side effect profile and physician

familiarity with the drug. Although the underlying cause of

hypertension is important in determining which medication

TABLE 2. Drugs Commonly Used for the Treatment of Hypertensive Emergencies in Children*

Drug Dose

Onset of

Action Duration of Action Mechanism of Action Comments

Sodium
nitroprusside

0.3–8.0 mg/kg/min IV
infusion

Seconds During infusion only Vasodilation of
arterioles and veins

May increase ICP. Risk
of cyanide and
thiocyanate toxicity

Labetalol 0.4–3.0 mg/kg/h IV
infusion or 0.2–1
mg/kg initial bolus,
then 0.25–1.5
mg/kg/h infusion or
0.2–1 mg/kg/dose
maximum 20 mg

2–5 min 2–6 hr b- and a1-adrenergic
blockade

Contraindicated in
asthma, chronic lung
disease, and heart
failure. May mask
symptoms of
hypoglycemia

Nicardipine 0.5–3.0 mg/kg/min IV
infusion

2–5 min 30 min–4 hr (duration
of action increases
with time of infusion)

Calcium channel
blockade

May cause increased ICP

Esmolol 100–500 mg/kg loading
dose then 50–300
mg/kg/min

Immediate 10–30 min b-adrenergic blockade May cause bronchospasm
and congestive heart
failure

Hydralazine 0.1–0.5 mg/kg/dose,
maximum 20 mg/dose

5–30 min 4–12 hr Direct arteriolar
vasodilator

Less potent than other
agents

Fenoldopam 0.1–2 mg/kg/min 5–40 min 60 min Vasodilation of renal,
coronary, cerebral,
and splanchnic
vasculature

Limited experience in
children

Nifedipine 0.25–0.5 mg/kg/dose
maximum 10 mg

5–15 min 6 hr Calcium channel
blocker—decreases
peripheral vascular
resistance

Difficult to administer
exact dosages. Risk
of hypotension and
rebound hypertension

Enalaprilat 5–10 mg/kg/dose Up to 60 min 4–6 hr Calcium channel
blocker

Particularly useful for
high renin states

Phentolamine 0.1 mg/kg IV bolus,
max 5 mg

Seconds 15–30 min a-adrenergic blocker Used primarily for
hypertension secondary
to excessive circulating
plasma catecholamines

GI indicates gastrointestinal; ICP, intracranial pressure; ICU, intensive care unit; IV, intravenous; PO, orally.
*Because several of these medications have not been extensively tested in children, existing pharmacokinetic data are frequently based on studies in adults.
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to use, often in the emergency department, the cause of the

hypertension is unknown.

Once treatment is instituted in the emergency depart-

ment, the patient should be admitted for close monitoring,

often in the intensive care setting. Frequently, further diag-

nostic testing will be necessary at that time. Adjustment of

treatment regimens and definitive treatment of the underly-

ing cause can then take place.
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1. A three-year old child presents to the emergency de-

partment with a blood pressure of 125/90. All of the

following are possible explanations for her elevated blood

pressure except:

a) The child was crying at the time of blood pressure

measurement.

b) The cuff chosen for blood pressure measurement was

too large.

c) She has underlying kidney disease.

d) She recently ingested her older brother’s methylpheni-

date.

e) The oscillometric device used for blood pressure mea-

surement was poorly calibrated.

2. An 18 month-old child with no significant past medical

history presents to the emergency department with a blood

pressure of 180/95. Of the following, the most likely cause

for her hypertension is:

a) Coarctation of the aorta.

b) Pheochromocytoma.

c) Essential hypertension.

d) Renal parenchymal disease.

e) Renovascular disease.

3. A 12-year-old boy arrives in the emergency department

for treatment of a laceration to his hand. His blood pres-

sure upon arrival is 141/90, and repeat measurements after

a period of rest are unchanged. Which of the following is

an appropriate action:

a) Refer the child to his pediatrician for outpatient workup

and management of his hypertension.

b) Administer an appropriate dose of sublingual nifedi-

pine.

c) Start an infusion of sodium nitroprusside.

d) Consult nephrology.

e) No further action is necessary.

4. Work-up of severe hypertension in the emergency depart-

ment should routinely include all of the following except:

a) A chest x-ray.

b) An EKG.

c) Serum BUN and creatinine.

d) A urinalysis.

e) Plasma catecholamines.

5. Regarding the pharmacologic management of hyperten-

sive urgencies and emergencies, all of the following are

true except:

a) A higher risk of thiocyanate toxicity exists with the use

of sodium nitroprusside in children with renal failure.

b) Labetalol is contraindicated in children with a history

of asthma.

c) Nifedipine is no longer recommended for use in children

because of its propensity to induce severe hypotension.

d) Phentolamine is recommended for the treatment of

hypertensive urgencies and emergencies related to

pheochromocytoma.

e) Nicardipine may increase intracranial pressure.
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ANSWER SHEET FOR THE PEDIATRIC EMERGENCY CARE
CME PROGRAM EXAM

June 2005

Please answer the questions on page 397 by filling in the appropriate circles on the answer sheet below. Please mark the one

best answer and fill in the circle until the letter is no longer visible. To process your exam, you must also provide the following

information:

Name (please print): ______________________________________________________________________________________

Street Address ___________________________________________________________________________________________

City/State/Zip ___________________________________________________________________________________________

Daytime Phone __________________________________________________________________________________________

Specialty _______________________________________________________________________________________________

1. A B C D E

2. A B C D E

3. A B C D E

4. A B C D E

5. A B C D E

Your evaluation of this CME activity will help guide future planning. Please respond to the following questions.

1. Did the content of the article(s) meet the stated learning objectives?

[ ] Yes [ ] No

2. On a scale of 1 to 5, with 5 being the highest, how do you rank the overall quality of this educational activity as it pertains to

your practice?

[ ] 5 [ ] 4 [ ] 3 [ ] 2 [ ] 1

3. As a result of meeting the learning objectives of this educational activity, will you be changing your practice behavior in

a manner that improves your patient care? If yes, please explain.

[ ] Yes [ ] No
________________________________________________________________________________________________________

________________________________________________________________________________________________________

4. Did you perceive any evidence of bias for or against any comercial products? If so, please explain.

[ ] Yes [ ] No
________________________________________________________________________________________________________

________________________________________________________________________________________________________

5. Please state one or two topics that you would like to see addressed in future issues.

6. How long did it take you to complete this CME activity?

__________hour(s) __________minutes

Must be Received by August 15, 2005 in the

Office of Continuing Education

Wolters Kluwer Health

530 Walnut Street, 8th Floor East

Philadelphia, PA 19106
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CME EXAM ANSWERS

Answers for the Pediatric Emergency Care CME Program Exam

Below you will find the answers to the examination covering the review article in the March 2005 issue. All participants

whose examinations were postmarked by May 15, 2005 and who achieved a score of 80% or greater will receive a certificate

from Wolters Kluwer Health.

EXAM ANSWERS

March 2005

1. TRUE

2. A

3. B

4. FALSE

5. E

6. C
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