
Hypertension is a very common disease affecting up to 20-
25% of adults in the United States.1,2 In the past, hypertension
has been considered a rare dis-
ease in children; however, in
the last 10 years it has emerged
as an important disease in
pediatrics as well. Because
hypertension is a risk factor for
cerebrovascular disease, car-
diovascular disease, as well as
renal disease,3 the increase in
pediatric hypertension is a con-
cern because of its potential for
long term sequelae. Epidemio-
logic studies have confirmed
the link between obesity and
hypertension;4 both are becom-
ing significant health problems
in children. The prevalence of obesity in adolescents has more
than doubled since 1960,5 and currently 14% of 12- to 19-year-
olds are overweight.6 The incidence of systolic hypertension is
three times higher in obese adolescents compared with their nor-
mal weight counterparts.7 The association between hypertension

and metabolic syndrome (obesity, insulin resistance, and dyslipi-
demia) is being recognized. Because blood pressure (BP) tends

to increase with age, hyperten-
sion in children may result in
significant public health prob-
lems as these patients mature
into adulthood.8 This article
reviews pediatric hypertension,
highlighting the unique features
and etiologies by age group.

—The Editor

Definition 
Defining hypertension in

children is problematic. Blood
pressure measurements are a
continuum, with increasing risk
for complications from the

lower to higher levels.9 In the adult population, the definition of
hypertension is based upon data focused on the long-term health
sequelae of essential hypertension. Research in adults reveals
that for every increase of 20 mm Hg in systolic blood pressure
(SBP) and 10 mm Hg in diastolic blood pressure (DBP) starting
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at 115/75 mm Hg, the risk of cardiovascular disease doubles.10

Unlike adults, hypertension in pediatrics is defined based upon
the normative distribution of blood pressure in healthy children.
The National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents
(NHBPEP), armed with recent data from the National Health
and Nutrition Examination Survey (NHANES), recently pub-
lished the Fourth Report on the Diagnosis, Evaluation, and Treat-
ment of High Blood Pressure in Children and Adolescents. This
report provides an update and recommendations to the clinician,
incorporating the rapid advances in the detection, evaluation, and
management of hypertension in the pediatric population.11

Normal blood pressure is defined as blood pressure that is
less than 90th percentile for gender, age, and height. Prehyper-
tension is defined as the average BP that is more than 90th per-
centile but less than 95th percentile. As in adults, adolescents
with a BP reading that is 120/80 mm Hg or higher are consid-
ered prehypertensive. Hypertension is defined as the average sys-
tolic or diastolic blood pressure that is greater than or equal to
the 95th percentile for gender, age, and height on at least three
separate occasions. It is further divided into Stage 1 and Stage 2
to indicate severity (Table 1). This article will focus on hyperten-
sive urgencies and hypertensive emergencies—the two most
common presentations of Stage 2 hypertension in the ED. For

more information about the BP charts, please visit the official
Web site: http://www.nhlbi.nih.gov/guidelines/hypertension/
child_tbl.htm.

In infants younger than 1 year, hypertension is defined by
SBP alone (Table 2).11,12 Because routine blood pressure meas-
urement has not been recommended in this age range due to the
technical difficulty in obtaining an accurate measurement13,14 and
the low incidence of hypertension in healthy newborns, there is
less normative data available.15

These definitions for hypertension have been adopted for both
primary and secondary hypertension. It is important to note that
the data used in the BP tables were derived from epidemiological
methods and, hence, may not reflect the actual physiologic
effects of longstanding hypertension on the individual.16 Serious
complications of secondary hypertension (i.e., encephalopathy)
can occur at relatively low blood pressure values,17 underscoring
the artificial nature of this definition. 

It is important to confirm elevated BP readings on multiple
occasions before diagnosing hypertension. BP variability is
greater in children,18 and elevated BP levels tend to fall on subse-
quent measurement in this population.11 Thus, an isolated elevat-
ed BP reading is less likely to represent true pathology.18 Except
in the situation of severe hypertension or evidence of end-organ
damage, BP should be characterized over a period of time
(weeks to months).11

Severe hypertension is categorized further to identify those
patients who are at higher risk of immediate complications:

Hypertensive urgency is defined as severe hypertension that
may be associated with nonspecific symptoms, but without evi-
dence of target organ injury.11,12 This condition usually develops
over a period of days and weeks. 

Hypertensive emergency is defined as severely elevated blood
pressure associated with rapid, progressive damage to end organs
such as the heart, kidney, brain, and large arteries.11,12 The
absolute level of hypertension is not as important as the evidence
of complications in other organ systems.12 Conditions that are
more likely to cause hypertensive emergencies are listed in Table 3.

Epidemiology of Pediatric Hypertension
The prevalence of sustained high BP in childhood is 1-2%.11,15

The incidence of hypertension in neonates varies from 0.2% in
healthy newborns19 to 2.6% in patients discharged from the
neonatal intensive care unit.20 Some children do not have sus-
tained hypertension, but will have an exaggerated BP response to
stressors such as exercise and mental challenge.21,25 This sympa-
thetic nervous system reactivity is a risk for developing essential
hypertension26 and can be used as an early physiologic marker.

Essential hypertension is being recognized with more fre-
quency in children. In fact, most children with hypertension have
essential hypertension, lacking another cause for their elevated
BP. The rising prevalence and increasing severity of obesity is
associated with an increasing prevalence of essential hyperten-
sion in the pediatric population.27 The metabolic syndrome, also
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associated with the increasing severity of obesity, is a constella-
tion of cardiovascular risk factors that include insulin resistance,
abnormal glucose tolerance, dyslipidemia, and high BP.28 The
syndrome is present in much higher rates in hypertensive chil-
dren than their normotensive counterparts28 and is present in
30% of overweight patients.29 The presence of the metabolic syn-
drome in a patient represents a higher risk for cardiovascular and
metabolic diseases such as type 2 diabetes mellitus and athero-
sclerosis.30

Children who suffer from sleep apnea associated with hypox-
ia have elevated BP during wakefulness that is independent of
their degree of obesity.31 Hence, a brief sleep history to identify
sleep disorders should be obtained in a child who has hyperten-
sion.11

Secondary hypertension is more common in children than in
adults.11 These children are usually younger, have much higher
BP readings,15 and are more likely to have both systolic and dias-
tolic hypertension. In contrast to the children with essential
hypertension, children with secondary hypertension have an
associated high morbidity and mortality. The prevalence of sec-
ondary hypertension in childhood is about 0.1%. Renal abnor-
malities account for approximately 60-70% of cases of second-
ary hypertension, with reflux nephropathy and obstructive uropa-

thy the most common causes. Another 10% of cases are caused
by renovascular disease. All other causes of secondary hyperten-
sion account for the remaining 20-30% of cases.15 The mecha-
nism causing secondary hypertension varies depending upon the
primary disease process, such as vascular obstruction in coarcta-
tion, volume overload in renal diseases and mineral corticoid
excess, hyper-reninemia in renovascular disease, and cate-
cholamine excess in pheochromocytoma.32 Table 4 shows the
most common causes of hypertension by age group.

Pathophysiology of Pediatric Hypertension
Blood pressure is the result of the interaction of two main fac-

tors: cardiac output and peripheral vascular resistance. An
increase in one factor while the other factor remains unchanged
will result in an increase in blood pressure. The renin-
angiotensin-aldosterone system plays an important role in the
development of high blood pressure by affecting peripheral vas-
cular resistance. Renin is an enzyme produced in the kidney that
converts angiotensinogen to angiotensin I. Its production is
affected by arteriolar perfusion of the kidneys and the sympa-
thetic nervous system, among other things. Angiotensin I is con-
verted rapidly to angiotensin II by the angiotensin-converting
enzyme (ACE). Angiotensin II is a potent vasoconstrictor that
stimulates the production of aldosterone, another powerful vaso-
constrictor. Both of these substances increase the blood pressure
by increasing vascular resistance. Other factors that influence
blood pressure include the activity of the autonomic nervous sys-
tem, renal regulation of sodium, and compliance of both resist-
ance and capacitance vessels.12,33

The pathophysiologic mechanisms causing acute hyperten-
sive emergencies are complex and not well understood. The initi-
ating step is a sudden rise in BP and the activation of the renin-
angiotensin-aldosterone system.12,33-35 The rate of rise in BP
determines the clinical presentation. Organs that are at greatest
risk for injury are the brain, heart, and the kidneys. An increase
in afterload causes left ventricular dysfunction, an increase in
oxygen demand, and decreased coronary blood flow. Hyperten-
sion causes decreased flow to the kidneys as manifested by a
deterioration of renal function. Hypertensive encephalopathy is a
constellation of signs and symptoms of severe hypertension due
to hyperperfusion of the brain. Normally, brain perfusion is con-
trolled by autoregulatory processes over a wide range of mean
arterial pressure (MAP), usually between 60 and 125 mm Hg. In
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Normal < 90th %
Prehypertension 90th to <95th % or 

>120/80 mm Hg, but 
< 95th % for adolescents 

Stage 1 Hypertension (mild) 95th to 99th % + 5 mm Hg
Stage 2 Hypertension (severe) >99th % + 5 mm Hg
Hypertensive urgency Severe elevation of blood 

pressure, which may be 
harmful but without 
evidence of end-organ 
damage or dysfunction

Hypertensive emergency Severe elevation of blood 
pressure with evidence of 
end-organ injury

Table 1. Classification of Hypertension 
in Pediatrics11

Table 2. Blood Pressures in Infants12

Table 3. Life-threatening Hypertension11,12

• Coarctation of the aorta
• Congenital adrenal hyperplasia
• Drug induced toxidrome
• Increased intracranial pressure
• Pheochromocytoma
• Pregnancy-induced hypertension
• Renal parenchymal disease
• Renal vascular disease

SIGNIFICANT HYPERTENSION SEVERE HYPERTENSION

SBP DBP SBP DBP

AGE (mmHg) (mmHg) (mmHg) (mmHg)

Newborn - 
7 days

> 96 > 106

8 - 30 days > 104 > 110

Infants > 110 > 63 > 118 > 82



chronically hypertensive patients, this steady state perfusion is
shifted to the right so that the cerebral blood flow is maintained
at a higher MAP, usually from 80 to 160 mm Hg. As the MAP
increases, cerebral vessels vasoconstrict to maintain blood flow
and protect the brain. However, a rapid increase in mean arterial
pressure can overwhelm the steady state autoregulation of cere-
bral blood flow. The loss of autoregulation and disruption of the
blood brain barrier permits excessive blood flow to the brain.
This leads to cerebral edema and a resultant increase in intracra-
nial pressure, hemorrhage, and eventually death. The retinal
changes usually mirror the changes in the brain as encephalopa-
thy progresses. Eye findings include areas of arteriolar vaso-
spasm and dilatation, hemorrhage, exudates, and papilledema.
Symptoms of hypertensive encephalopathy include severe
headache, vomiting, seizures, lethargy, confusion, or coma.12, 33-35

Beneath this simplified approach are other dynamic processes
that are just now being elucidated. Although beyond the scope of
this discussion, substances such as oxygen free radicals, prosta-
cyclin and nitric oxide secretion of the endothelium, proinflam-
matory cytoxines, and their interaction with the renin-
angiotensin-aldosterone system, and a host of other substances
are changing the way we understand the development of hyper-
tension and hypertensive emergencies. 

Evaluation of the Pediatric Patient with Elevated
Blood Pressure

Measuring the Blood Pressure. The latest report from the
NHBPEP recommends a BP measurement in patients 3 years
and older presenting to a health care setting.11 In addition, chil-
dren younger than 3 years with special conditions also need to

have their BP checked (Table 5). During the triage process, a
child with any of these conditions should have his/her BP meas-
ured, even if he/she has come to the ED with an unrelated com-
plaint. 

Accurate BP measurements are particularly problematic in
children. Ideally, the patient should be relaxed, in a quiet room,
at a comfortable temperature, and have a short period of rest
(approximately 5 minutes) prior to the BP measurement. The
patient should be sitting with his/her back supported, feet on
the floor, and the right elbow supported so that the cubital fossa
is at heart level.11 Unfortunately, these conditions rarely are met
in the ED.

Blood pressure is a variable hemodynamic phenomenon that
can be influenced by many factors that can cause elevations of
20-30 mm Hg. Anxiety can raise the BP due to the “fight or
flight” phenomenon resulting in “white coat hypertension.” The
degree of reaction varies greatly from patient to patient and may
be minimized or abolished by reassurance. These patients are
only hypertensive in the medical environment.36

Accurate BP measurement requires an appropriately sized
cuff (BPC) (Figure 1). The BPC bladder width-to-length ratio
ideally should be 1:2. The width of the BPC bladder should
encircle at least 40% of the arm measured midway between the
olecranon and acromion. The length of the BPC bladder should
cover at least 80% of the circumference of the arm. It is neces-
sary to have several BPC sizes in the ED to accommodate
patients from infancy to adulthood. Using a BPC with a bladder
that is either too narrow or too short (undercuffing) will result in
an artificially high BP reading, while using a BPC with a bladder
that is either too wide or too long (overcuffing) may cause an
artificially low BP reading. If the appropriate BPC size is not
available, use the next larger size, even if it appears too large.11,37

Measuring the BP by auscultation is the preferred method; all
the normative data were obtained by this method. The mercury
sphygmomanometer has been the gold standard device for meas-
uring BP.11 However, oscillometric devices that measure BP are
very popular in the ED because they are easy to use and mini-
mize observer bias. It is the preferred method for measuring BP
in newborns and young infants, and in situations requiring multi-
ple, frequent BP measurements.11,33 Oscillometric devices meas-
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Table 4. Most Common Causes 
of Hypertension in Children12,30,33,35

NEWBORN INFANTS

Renal artery thrombosis
Renal artery stenosis
Congenital renal malformations
Coarctation of the aorta
Bronchopulmonary dysplasia

INFANCY – 6 YEARS

Renal parenchymal diseases
Coarctation of the aorta
Renal artery stenosis
Renal scarring due to reflux nephropathy, obstruction

6 – 10 YEARS

Essential hypertension
Renal artery stenosis
Renal parenchymal disease

ADOLESCENTS

Essential hypertension
Renal parenchymal disease
Ingestions and drug use

Table 5. Special Conditions That Warrant A BP
in Children Younger than 3 Years11

• History of prematurity, very low birth weight, or other neonatal 
conditions requiring intensive care

• Congenital heart disease (repaired or unrepaired)
• Recurrent urinary tract infections, hematuria, proteinuria
• Known renal disease or urologic conditions
• Family history of congenital renal disease
• Solid-organ transplantation
• Malignancy or bone marrow transplant
• Treatment with drugs known to raise BP
• Other systemic illness associated with hypertension
• Evidence of elevated intracranial pressure



ure the MAP and use algorithms to calculate systolic and dias-
tolic values. Any elevated BP readings obtained by an oscillo-
metric device must be confirmed by auscultation.11

History. The history should be geared toward identifying risk
factors for secondary hypertension and co-morbidities in essen-
tial hypertension. 

Birth history can be very significant. Premature neonates have
unique risk factors. Steroids used in the treatment of chronic
lung disease can cause elevated blood pressures for up to two
weeks after the medication has been discontinued.39 Umbilical
catheterization is complicated by thromboembolic events caus-
ing hypertension, usually presenting within two weeks of
catheterization.41 Infants with apnea of prematurity may be treat-
ed with sympathomimetic medication. Independent of prematu-
rity, a history of low birth weight is associated with hyperten-
sion.42,43 In addition, some factors in the prenatal environment
may contribute to developing hypertension: For example, 50% of
infants with a history of prenatal cocaine exposure develop
hypertension by the age of 1 year.44

The medical history should be explored for evidence of renal
disease both diagnosed and occult; renal pathology accounts for
the majority of cases of secondary hypertension. Often the histo-
ry may seem benign, but the patient can have significant renal
scarring. Also, a history of congenital heart disease—even if it
has been surgically repaired—can be significant. Most cases of
coarctation of the aorta are diagnosed and repaired in the neona-
tal period; however, life expectancy remains reduced for these
patients. Approximately one third will remain hypertensive or
redevelop hypertension,3,45 and the hypertension is independent
of any residual obstruction.46

The family history should explore inheritable causes of sec-
ondary hypertension as well as evidence to support the diagnosis

of essential hypertension. Patients with tuberous sclerosis may
have very subtle manifestations and remain undiagnosed. A fam-
ily history of tuberous sclerosis is helpful, although most new
cases are sporadic in nature.47 Neurofibromatosis has been asso-
ciated with pheochromocytoma in multiple endocrine neoplasm
Type 2b or Type 3;48 however, renal vascular lesions are much
more common, and renal vascular stenosis is the most common
etiology of hypertension in these patients.49

Many medications can affect blood pressure. Patients may not
recognize over-the-counter medications or dietary supplements
as medications because they have not been prescribed by a
physician. Over-the-counter cold-and-cough preparations are a
common source of sympathomimetic medications, including
pseudoephedrine nasal sprays and drops that may artificially ele-
vate BP. Always obtain a detailed medication history including
dietary supplements, especially those which are purported to
enhance athletic performance or induce weight loss.11 In addition
to self-medication, older children and adolescents may abuse
prescription drugs. Methylphenidate use increased 2.5 fold in the
early 1990s.50 Nonmedical use of methylphenidate in high
school seniors increased from 0.1% in 1992 to 2.8% in 1997.51

Most adolescents who are abusing methylphenidate were not
prescribed the medication; they are abusing medication that has
been diverted from therapeutic use.52 Another trend among
school age children is the use of caffeine or caffeinated bever-
ages. As little as 100 mg of caffeine can elevate the blood pres-
sure in African American teenagers.53

The review of systems should include symptoms of adrener-
gic stimulation as well as symptoms of end-organ damage. Ado-
lescent girls should be asked about their last menstrual cycle to
determine if they are possibly pregnant. 

Physical Examination. The physical examination should
focus upon signs of secondary hypertension or end-organ dam-
age (Table 6). Patients with hypertensive urgency may be asymp-
tomatic or may present with nonspecific symptoms such as
headache, blurry vision, and vomiting.12,33 As noted in Table 6,
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Table 6. Physical Exam Findings Suggestive 
of End-Organ Damage11,54-59

FUNDI 

Papilledema, retinal changes, hemorrhages, exudates

CARDIOVASCULAR

Murmurs, S3 gallop, rales, jugular venous distention, apical heave

NEUROLOGIC

Altered mental status, loss of visual fields, focal sensory or motor
deficits, seizures

ABDOMEN

Bruits, enlarged kidneys, masses, abnormal aortic pulsation,
ascites

EXTREMITIES

Edema, weak femoral pulses, loss of pulses

Figure 1. Sizing the Blood Pressure Cuff 
Bladder

Acromion

Diameter of
arm at 
midpoint (X)

Olecranon

Blood pressure cuff bladder dimensions
Length = 80% (X)
Width = 40% (X)



patients with hypertensive emergency may present with altered
mental status, seizures, left ventricular failure, oliguria, and focal
neurologic findings.11,12,33 The examination should include a thor-
ough cardiovascular assessment to look for heart murmurs, gal-
lops, abdominal bruits, weak femoral pulses, and poor peripheral
perfusion. Perform a thorough neurological assessment concen-
trating on subtle cranial nerve deficits and visual field defects. A
fundoscopic examination is essential. Do not forget to look for
signs of toxidromes, especially in adolescents.

Infants and children with hypertension may present in unusu-
al ways. Infants with severe hypertension may present with
apparent shock and congestive heart failure. These infants may
have renal or cardiac pathology.54 Infants also may present with
very nonspecific findings, such as irritability or failure to thrive.
Bell’s palsy may be an uncommon presenting symptom of pedi-
atric hypertension. Keep a high index of suspicion for elevated
blood pressure in the child with recurrent Bell’s palsy or a histo-
ry of episodes affecting alternating sides of the face.54

Autonomic dysfunction is common in Guillian-Barre syn-
drome, occurring in up to 67% of patients. Hypertension usually
is present when the neurologic symptoms are at their worst,
making the diagnosis evident.56 However, patients may present
with autonomic dysfunction and develop characteristic symp-
toms of the disease afterward.57

Conversely, some children may present with hypertension
unrelated to the apparent presenting disease process. For exam-
ple, Henoch-Schonlein purpura may affect the kidneys resulting
in hypertension. However, if the patient does not have laboratory
findings consistent with renal dysfunction, they must have a
more extensive evaluation to investigate other possible etiologies
of their hypertension.58

Management of the Hypertensive Pediatric Patient
Once it has been determined that the elevated BP reading is

accurate, a brief but focused history and examination should be
performed. The goal is to quickly identify patients with end-
organ damage who need more emergent management as well as
to uncover possible underlying etiologies. If the patient is

asymptomatic, the physician can do a more thorough history and
physical examination as outlined in the previous section. Fre-
quently, a child presents to the ED with conditions that can
increase his/her blood pressure. Patients who are experiencing
pain or anxiety have elevated BP while in the ED. Patients with
painful conditions should be given oral or parenteral analgesic
medications as judged by the examining physician. A child who
is anxious usually can be reassured by their caretakers and health
care providers. Hypertension, in these instances, is usually mild
and transient, requiring no further therapy once the painful con-
dition is treated and the anxiety allayed. The EP should classify
the hypertension according to the new recommendations of the
NHBPEP because the evaluation and management of the patient
varies by stage (Table 1, page 43).

Mild Hypertension (Stage 1 Hypertension). Patients in the
ED with an elevated BP in the mild range (95th to 99th per-
centile plus 5 mm Hg) need to have repeat measurements done
over several weeks. Often the elevation of the BP is an incidental
finding in the course of an ED visit for an unrelated complaint.
As noted before, a patient cannot be labeled hypertensive unless
the elevation of the BP is documented on three separate occa-
sions, preferably in non-ED settings. The patient should be
advised to follow up with his primary care provider for further
evaluation within a month.11 However, if a patient has nonspecif-
ic symptoms from his/her elevated BP, he/she should have more
urgent follow-up within a week or two. Because renal pathology
is the most common cause of hypertension in the pediatric age
group, the physician may order a urinalysis and urine culture
during this visit.33 If the urinalysis is normal, further work-up,
including other laboratory testing, radiographic testing, and
pharmacologic therapy should be left to the primary care physi-
cian. An abnormal urinalysis warrants further investigation.

Severe Hypertension (Stage 2 Hypertension). Patients with
severe hypertension often present to the ED in two recognizable
syndromes: hypertensive urgency and hypertensive emergency;
conditions that need to be evaluated by the physician immediate-
ly. The presence of signs and symptoms of end-organ damage
determines the need for immediate therapy.11,33,35 Often the
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Table 7. Drugs Used for Hypertensive Urgencies in Children11,12,31

DRUG DOSE ONSET OF ACTION DURATION OF ACTION MECHANISM OF ACTION SIDE EFFECTS

nifedipine 0.25-0.5 mg/kg po
bite and swallow

10-15 minutes 4-6 hours Calcium channel 
blocker

Increases cerebral
blood flow,
headaches

captopril 0.5 mg-2 mg/kg po 15-30 minutes 8-12 hours ACE inhibitor Neutropenia,
angioedema

clonidine 0.05-0.1 mg/dose po 30-60 minutes 8-12 hours Central alpha agonist Dry mouth, sedation

minoxidil 0.1-0.2 mg/kg po 2 hours 12 hours Direct vasodilator Long acting, most
potent



hypertension is chronic in nature and being treated. Patients with
no history of preexisting hypertension, who present with hyper-
tensive emergencies should be examined closely for head trau-
ma, toxemia of pregnancy, acute drug ingestion, pheochromocy-
toma or glomerulonephritis.12 Keep in mind that the younger the
child and the higher the BP, the more likely that the hypertension
is due to a secondary cause.33

Hypertensive Urgency. Patients with hypertensive urgency
have severe hypertension but with no life-threatening symptoms
from end-organ damage. They usually present with nonspecific
symptoms (e.g., headache, vomiting, abdominal pain, or blurry
vision).11,12,33 For newly diagnosed patients with hypertensive
urgencies, laboratory studies should include a complete blood
count (CBC), an electrolyte panel, a blood urea nitrogen (BUN)
measurement, a creatinine (Cr) measurement, a urinalysis, and a
urine culture.33 Adolescent girls should have a urine pregnancy
test to rule out preeclampsia. Urine drug screening is useful in
cases where drug abuse is suspected as a cause of the hyperten-
sion. Further work-up depends upon other clues provided by the
history and physical examination. A nephrologist should be con-
sulted early in the management.

Because hypertensive urgency soon can progress to hyper-
tensive emergency, the standard practice among many EPs is to
treat these patients despite the lack of end-organ damage. The

goal of therapy in a child or adolescent with hypertensive
urgency is to reduce BP safely and slowly within a few hours or
days to preserve organ function.35,62,63 Rapid reduction of the BP
should be avoided because it can be harmful. Oral antihyperten-
sive agents are usually sufficient to reduce the BP to normal.33

On rare occasions, parenteral therapy may be needed.
The EP has an array of pharmacological options to use in the

patient with hypertensive urgency. The individual physician’s
experience with various antihypertensive agents, presumed
underlying etiology, and comorbid conditions will often dictate
which medication is used.12 Unlike adults, advances in drug ther-
apy in the pediatric population has been hampered by lack of sci-
entific data regarding efficacy, pharmacokinetics, and age-appro-
priate dosing of antihypertensive medications.64 Recent legisla-
tion has prompted industry sponsored trials specifically for chil-
dren and as a result, newer data on drug therapy have emerged.11,64

Commonly used older antihypertensive agents are being
replaced by newer and safer agents.64 One such drug is nifedip-
ine, a short-acting calcium channel blocker that has been shown
to reduce blood pressure by at least 30% after a single dose.65.66

Recent reports on adverse cardiac and neurologic sequelae
caused by the rapid decrease in BP has led to the recommenda-
tion that other medications be used to treat hypertensive urgen-
cies in adults.35,67,68 However, these complications have not been
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Table 8. Drugs Used for Hypertensive Emergencies for Children11,33,35,73

DRUG DOSE ONSET OF ACTION DURATION OF ACTION MECHANISM OF
ACTION

SIDE EFFECTS

Sodium nitroprusside 0.8-8 mcg/kg/min
IV infusion

Instantaneous Whle on infusion Direct vasodilator Inactivated by light,
cyanide and thiocyanate
toxicity, increases cerebral
blood flow

Nicardipine 1-3 mcg/kg/min
IV infusion

Within minutes 10-15 minutes post
infusion

Calcium channel
blocker

Reflex tachycardia

Labetalol 0.5-1 mg/kg IV bolus
(max 20 mg)
0.5-3 mg/kg/hr infu-
sion

5-10 minutes 2-3 hours post 
infusion

Alpha and beta
blocker

Contraindicated in asthma
or chronic lung disease,
heart failure, heart block;
do not use in insulin-
dependent diabetic
patients

Hydralazine 0.1-0.5 mg/kg IV
every 4 hours

10-30 minutes 4-12 hours Direct vasodilator Reflex tachycardia,
headaches

Enalaprilat 0.05-0.1 mg/kg IV
every 8-24 hours

15 minutes 12-24 horus ACE inhibitor Can cause acute renal
failure, especially with
renal artery stenosis

Fenoldopam 0.2-0.8 mcg/kg/min
IV infusion

Within minutes 5 minutes after 
infusion

Dopamine receptor
agonist of arterioles

Good in renal 
insufficiency

Diazoxide 1-2 mg/kg up to 5
mg/kg IV

1-3 minutes 4-12 hours Direct vasodilator Sodium and water reten-
tion, hyperglycemia, not
used routinely



observed in children. Instead, a few cases of rebound hyperten-
sion causing neurologic sequelae have been reported.67 At the
present time, nifedipine continues to be recommended by most
nephrologists33,34,62,63 in the treatment of hypertensive urgencies.
The drug is administered by having patients bite and swallow the
capsule. Its onset of action is within 10 minutes, peaking in 60
minutes with a duration of 4-6 hours. Other drugs that are used
include clonidine, captopril, and minoxidil (Table 7).

If the patient has chronic hypertension and the blood pressure
was lowered successfully after 4-6 hours of observation, he/she
can be safely discharged home with close follow-up with a
nephrologist. A patient needs admission if the underlying etiolo-
gy of the severe hypertension is not known, ED management
failed, or compliance and follow-up are problematic. 

Hypertensive Emergencies. By definition, a child with a
hypertensive emergency has severe hypertension and has symp-
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Figure 2. Approach to a Pediatric Patient with Hypertension in the Emergency Department



toms resulting from end-organ ischemia.11,12,35,71,72 Fortunately,
this is a rare event in the pediatric population. The most common
clinical manifestations of end-organ damage are hypertensive
retinopathy, encephalopathy, seizures, left ventricular hypertro-
phy, cranial nerve palsies, hemiplegia, and renal failure.33,35 As
mentioned in the previous section, neonates may present with no
symptoms, nonspecific symptoms, or congestive heart failure,
seizures, and lethargy.35

As in any emergency, the ED physician should give careful
attention and support to airway, breathing, circulation, and neu-
rologic functions. A focused history and physical examination,
including a fundoscopic examination, are important. The child
should be placed on a cardiac monitor with frequent BP meas-
urements and continuous pulse oximetry readings. An intra-
venous line (preferably two) should be immediately established,
while samples for laboratory studies are obtained. Initial studies
to assess end-organ dysfunction should include CBC, elec-
trolytes measurement, BUN, creatinine, urinalysis, a urine cul-
ture, chest radiograph (CXR), and an electrocardiogram (ECG).
An indwelling bladder catheter should be inserted, and an arteri-
al line should be strongly considered. Similar to the patient with
hypertensive urgency, a nephrologist should be consulted early to
assist with evaluation and management.

The goals of treatment are to prevent complications of end-
organ ischemia while preserving function and minimizing side
effects of drug therapy.12,35 Parenteral antihypertensive drugs
with short half-lives should be titrated carefully to therapeutic
endpoints. Oral agents are not recommended because of rapid,
yet unpredictable, lowering of the BP.35 The goal is a slow, but
controlled, reduction in blood pressure by 25% during the first 6
to 8 hours with a gradual return to normal levels by 48 hours.11,35

A more rapid reduction may lead to hypoperfusion of the brain
as autoregulatory mechanisms are not able to adjust. Again, the
physician’s preference for which drug to use is guided by his/her
familiarity and previous experience with a specific agent and the
possible underlying cause of the hypertension. 

Specific Antihypertensive Medications
Table 8 shows the most common drugs used in the treatment

of hypertensive emergencies in the pediatric population. Sodium
nitroprusside, nicardipine, and labetalol are parenteral drugs that
have been recommended as first-line medications because of
their effectiveness, good safety profile, and limited toxicity.35

Sodium nitroprusside is a powerful direct vasodilator of both
arteries and veins. It is, by far, the most effective parenteral drug
used in hypertensive emergencies. It has a rapid onset and a brief
duration of action, hence its use requires constant intensive mon-
itoring of the patient. Because it is easily inactivated by light and
needs to be given as a continuous infusion, it is cumbersome and
time consuming to administer. Its utility in the ED is limited and
has been mostly supplanted by other drugs.33,35 Sodium nitro-
prusside can cause cyanide toxicity if given for a prolonged peri-
od or if renal failure is present.11,35 It should not be given in preg-

nant adolescents.
Labetalol is a powerful alpha-1 and a nonspecific beta blocker

that reduces blood pressure by decreasing peripheral resistance.
The beta blockade is responsible for hyperglycemia, hyper-
kalemia, and diminished reflex tachycardia.33,69 It is effective for
patients with pheochromocytoma, coarctation of the aorta, and in
those with intrinsic renal disease. It is contraindicated in patients
with asthma, insulin-dependent diabetes, or congestive heart fail-
ure.11,33,69 Labetalol is given as a bolus every 10 minutes or as an
infusion.

Esmolol is another cardioselective beta blocker successfully
used in patients with hypertensive crises after repair of congeni-
tal heart disease.69 Its side effects and contraindications are simi-
lar to other beta blockers.

Nicardipine is a drug that reduces peripheral vascular resist-
ance by blocking calcium channels in vascular smooth muscle. It
is the first drug in its class to be approved for intravenous use.73

Experience in children is increasing, and it has been used suc-
cessfully in patients after repair of coarctation of the aorta and
post transplantation.35,69,70

Enalaprilat is an angiotensin-converting enzyme (ACE)
inhibitor and particularly effective in patients with high renin
levels.73 It is contraindicated for patients with renal artery steno-
sis because it is excreted by the kidneys. Response to this drug is
variable and dependent upon plasma renin activity. ACE
inhibitors, in general, should be avoided in pregnant adolescents
as teratogenic effects have been observed.35

Phentolamine is an alpha blocker indicated for conditions
where there are high circulating catecholamines such as
pheochromocytoma and drug-induced hypertension. Hydralazine
is another direct vasodilator, yet its use has been gradually sup-
planted by other faster-acting and more potent drugs.33,69 It can
cause reflex tachycardia, headaches, and fluid retention. It is pri-
marily used in patients with preeclampsia or eclampsia.

Vitals signs, with special attention to the BP, should be
obtained every 15 minutes with frequent assessment of neurolog-
ic status. The physician also should document serial examina-
tions while the patient is in the ED. All patients with hyperten-
sive emergency should be admitted to the intensive care for fur-
ther management.12,33

Summary
Hypertension in the pediatric population is commonly

encountered in the ED. Most cases are transient and need no fur-
ther intervention. Mildly hypertensive and asymptomatic patients
can be safely discharged for repeat BP measurements and close
follow-up with their primary care physician. Severe hypertension
can be life threatening and has serious sequelae if treatment is
either inadequate or too aggressive. Patients with hypertensive
urgency and emergency need to be evaluated and treated expedi-
tiously while in the ED. The choice of drug depends upon the
physician’s experience, the presumed underlying condition, as
well as the clinical presentation. Patients with hypertensive
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urgency whose blood pressure was lowered successfully can be
safely discharged home with close follow-up. Patients with
hypertensive emergency need to be treated promptly with par-
enteral antihypertensive agents and admitted to the intensive care
unit for further management. Early consultation with a nephrolo-
gist is important. 
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CME QUESTIONS

31. Based upon the latest report from the NHBPED, hypertension is

defined as:

A. BP more than 90th percentile for age, gender, and height on

three separate occasions.

B. BP more than 95th percentile for age and gender on three sepa-

rate occasions.

C. BP more than 95th percentile for age, gender, and height on

three separate occasions.

D. none of the above

32. Which of the following statements about “white coat hypertension” is

correct?

A. It is defined as high blood pressure only in medical settings.

B. It is defined as high blood pressure in both home and medical

settings.

C. It is uncommon and not of any importance.

D. none of the above

33. The most common cause of secondary hypertension in pediatric

patients is:

A. cardiac disorders.

B. renovascular disease.

C. renal parenchymal disease.

D. pheochromocytoma.

34. A 5-year-old child presents to the ED with a buckle fracture of the

right forearm. His blood pressure is 140/90 mm Hg. What would be

the most appropriate action?

A. Repeat the measurement in 5 minutes and if the reading is

abnormal, give nifedipine.

B. Give an analgesic agent, splint, and repeat the BP measurement

after 1 hour.

C. Splint the forearm and follow up with orthopedics.

D. Call a nephrology consult.

35. An asthmatic child with a hypertensive emergency presents to the

ED. The best medication to treat the hypertension is to:

A. administer labetalol 10 mg IV.

B. start him on nitroprusside drip.

C. administer nifidepine 5 mg bite and swallow.

D. administer captopril 5 mg po.

36. A child with chronic hypertension presents with a blood pressure of

200/110 mm Hg and altered mental status. His pupils are sluggish

and papilledema is present. There is no history of a fall. The recom-

mended decrease in blood pressure would be to:

A. decrease as rapidly as possible to normal levels to prevent blind-

ness.

B. decrease slowly using oral nifedipine.

C. decrease blood pressure by 25% in the first 6-8 hours and then

to normal levels by 36-48 hours.

D. None of the above is correct.

37. Infants and children younger than 3 years should have BP measure-

ments in all of the following situations, except:

A. History of prematurity

B. Large size for gestational age

C. Prenatal cocaine exposure

D. Repaired cardiac condition

38. If you can not find the appropriate size of blood pressure cuff, you

should:

A. not worry about it, the BP is probably normal.

B. use the next smaller size, realizing that the BP reading may be

overestimated.

C. use the next larger size only if it does not seem excessively

large.

D. use the next larger size, realizing that the BP reading may be

underestimated.

39. Which of the following statements about the classification of hyper-

tension in adolescents is correct?

A. A blood pressure that is less than 95th percentile but exceeds

120/80 is considered prehypertensive even if it does not exceed

90th percentile.

B. Stage 1 hypertension is defined as a BP between 95th to 99th

percentile.

C. Hypertensive emergency requires evidence of end-organ

ischemia as well as a higher level of hypertension than is seen

with hypertensive urgency.

D. All of the above

40. Which of the following statements is correct?

A. Similar to adults, essential hypertension is the most common

type of hypertension diagnosed in pediatrics.

B. Body mass index has no value in evaluating a patient with

hypertension.

C. Secondary hypertension occurs with roughly the same frequen-

cy as in adults.

D. All of the above are correct.

Answers:
31.C.; 32. A; 33. C; 34.B; 35. B; 36. C; 37.B; 38.D; 39.A; 40.A
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Approach to a Pediatric Patient with Hypertension in the Emergency Department

 

Hypertension persists?  No further work -up 

Signs and symptoms of  
end organ damage?  

Mild 
Hypertension  

Hypertensive  
Urgency 

Hypertensive  
Emergency 

+/- Urinalysis  
+/- Urine culture  
Pregnancy test  

Oral antihypertensive  
agent 

Parenteral 
antihypertensive  

agent 

Close follow-up with PCP  
Repeat BP 

CBC 
Electrolytes, BUN, Cr  
Urinalysis  
Urine culture  
Pregnancy test  

CBC 
Electrolytes, BUN, Cr  
Urinalysis  
Urine culture  
Pregnancy test 
CXR 
EKG 
Hepatic functions  
+/- Uric acid  
+/- PT, PTT 
Other tests as suggested by 
the history and PE  

Nephrology consult  

Admit to ICU  

Nephrology consult  

Therapy successful?  
Known etiology?  
Good follow-up? 

Admit 

Close follow-up 
Oral antihypertensiv e 

medication 

Repeat BP no 

yes 

yes 

no 

yes 

no 

Hypertension  

Classification of Hypertension 
in Pediatrics

Normal < 90th %
Prehypertension 90th to <95th % or 

>120/80 mm Hg, but 
< 95th % for adolescents 

Stage 1 Hypertension (mild) 95th to 99th % + 5 mm Hg
Stage 2 Hypertension (severe) >99th % + 5 mm Hg
Hypertensive urgency Severe elevation of blood 

pressure, which may be 
harmful but without 
evidence of end-organ 
damage or dysfunction

Hypertensive emergency Severe elevation of blood 
pressure with evidence of 
end-organ injury

Blood Pressures in Infants

SIGNIFICANT HYPERTENSION SEVERE HYPERTENSION

SBP DBP SBP DBP

AGE (mmHg) (mmHg) (mmHg) (mmHg)

Newborn - 
7 days

> 96 > 106

8 - 30 days > 104 > 110

Infants > 110 > 63 > 118 > 82

Life-threatening Hypertension

• Coarctation of the aorta
• Congenital adrenal hyperplasia
• Drug induced toxidrome
• Increased intracranial pressure
• Pheochromocytoma
• Pregnancy-induced hypertension
• Renal parenchymal disease
• Renal vascular disease

Most Common Causes of Hypertension 
in Children

NEWBORN INFANTS

Renal artery thrombosis
Renal artery stenosis
Congenital renal malformations
Coarctation of the aorta
Bronchopulmonary dysplasia

INFANCY – 6 YEARS

Renal parenchymal diseases
Coarctation of the aorta
Renal artery stenosis
Renal scarring due to reflux nephropathy, obstruction

6 – 10 YEARS

Essential hypertension
Renal artery stenosis
Renal parenchymal disease

ADOLESCENTS

Essential hypertension
Renal parenchymal disease
Ingestions and drug use

Special Conditions that Warrant a BP 
in Children Younger than 3 Years

• History of prematurity, very low birth weight, or other neonatal 
conditions requiring intensive care

• Congenital heart disease (repaired or unrepaired)
• Recurrent urinary tract infections, hematuria, proteinuria
• Known renal disease or urologic conditions
• Family history of congenital renal disease
• Solid-organ transplantation
• Malignancy or bone marrow transplant
• Treatment with drugs known to raise BP
• Other systemic illness associated with hypertension
• Evidence of elevated intracranial pressure
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Sizing the Blood Pressure Cuff Bladder

Acromion

Diameter of
arm at 
midpoint (X)

Olecranon

Blood pressure cuff bladder dimensions
Length = 80% (X)
Width = 40% (X)

Physical Exam Suggestive 
of End-Organ Damage

FUNDI 

Papilledema, retinal changes, hemorrhages, exudates

CARDIOVASCULAR

Murmurs, S3 gallop, rales, jugular venous distention, apical
heave

NEUROLOGIC

Altered mental status, loss of visual fields, focal sensory or motor
deficits, seizures

ABDOMEN

Bruits, enlarged kidneys, masses, abnormal aortic pulsation,
ascites

EXTREMITIES

Edema, weak femoral pulses, loss of pulses

Drugs Used for Hypertensive Urgencies in Children

DRUG DOSE ONSET OF ACTION DURATION OF ACTION MECHANISM OF ACTION SIDE EFFECTS

nifedipine 0.25-0.5 mg/kg po
bite and swallow

10-15 minutes 4-6 hours Calcium channel 
blocker

Increases cerebral
blood flow,
headaches

captopril 0.5 mg-2 mg/kg po 15-30 minutes 8-12 hours ACE inhibitor Neutropenia,
angioedema

clonidine 0.05-0.1 mg/dose po 30-60 minutes 8-12 hours Central alpha agonist Dry mouth, sedation

minoxidil 0.1-0.2 mg/kg po 2 hours 12 hours Direct vasodilator Long acting, most
potent

Drugs Used for Hypertensive Emergencies in Children

DRUG DOSE ONSET OF ACTION DURATION OF ACTION MECHANISM OF
ACTION

SIDE EFFECTS

Sodium nitroprusside 0.8-8 mcg/kg/min
IV infusion

Instantaneous Whle on infusion Direct vasodilator Inactivated by light,
cyanide and thiocyanate
toxicity, increases cerebral
blood flow

Nicardipine 1-3 mcg/kg/min
IV infusion

Within minutes 10-15 minutes post
infusion

Calcium channel
blocker

Reflex tachycardia

Labetalol 0.5-1 mg/kg IV bolus
(max 20 mg)
0.5-3 mg/kg/hr infu-
sion

5-10 minutes 2-3 hours post 
infusion

Alpha and beta
blocker

Contraindicated in asthma
or chronic lung disease,
heart failure, heart block;
do not use in insulin-
dependent diabetic
patients

Hydralazine 0.1-0.5 mg/kg IV
every 4 hours

10-30 minutes 4-12 hours Direct vasodilator Reflex tachycardia,
headaches

Enalaprilat 0.05-0.1 mg/kg IV
every 8-24 hours

15 minutes 12-24 horus ACE inhibitor Can cause acute renal
failure, especially with
renal artery stenosis

Fenoldopam 0.2-0.8 mcg/kg/min
IV infusion

Within minutes 5 minutes after 
infusion

Dopamine receptor
agonist of arterioles

Good in renal 
insufficiency

Diazoxide 1-2 mg/kg up to 5
mg/kg IV

1-3 minutes 4-12 hours Direct vasodilator Sodium and water reten-
tion, hyperglycemia, not
used routinely


