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Assessment and management of hypertension
in children and adolescents

Brian W. McCrindle

Abstract | The epidemic of overweight and obesity in youth is increasing the prevalence of prehypertension
and hypertension among children and adolescents. The younger the child is at presentation and the

more severe the blood pressure abnormality, the more likely a secondary cause of hypertension is to be
present. Measurement of blood pressure in children requires adaptation to the age and size of the child.
Interpretation must be related to normative values specific for age, sex, and height. Evaluation is primarily
aimed at identifying secondary causes of hypertension, associated comorbidities, additional risk factors,

and evidence of target-organ damage. Ambulatory blood pressure monitoring is emerging as a useful tool for
evaluation of some patients, particularly for those with suspected ‘white coat’ hypertension. Management of
prehypertension and hypertension is directed at the underlying cause, exacerbating factors, and the magnitude
of the blood pressure abnormality. Healthy behavioral changes are a primary management tool for treating
hypertension and, more particularly, prehypertension and for addressing other cardiovascular risk factors,
such as obesity. Pharmacological management is reserved for patients with hypertension who do not respond
to behavioral changes, have additional cardiovascular risk factors or diabetes, are symptomatic, or have

developed target-organ damage.
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Learning objectives

Upon completion of this activity, participants should be able to:

1 Describe the association between hypertension and left
ventricular hypertrophy in children and adolescents.

2 Describe the parameters used to define hypertension in
children and adolescents.

3 Define prehypertension and hypertension in children
and adolescents.

4 Describe the types of blood pressure abnormalities found in
essential and other types of hypertension in children.

5 List the most likely causes of secondary hypertension
in children.
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Introduction

Hypertension is a well-recognized cardiovascular risk
factor in adults, contributing to morbidity and mortal-
ity from myocardial infarction, stroke, congestive heart
failure, peripheral vascular disease, retinopathy, and
end-stage renal disease. No study has been of sufficient
duration to determine whether hypertension identified in
youth is related to cardiovascular disease in adulthood. In
addition, manifest atherosclerotic cardiovascular disease
is extremely rare in childhood. Nonetheless, evidence to
support an association between elevated blood pressure
and atherosclerosis in youth is available from pathology
studies and studies of noninvasive markers of athero-
sclerosis. Blood pressure assessment in youth, either by
direct measurement (Bogalusa Heart Study)' or by infer-
ence (Pathobiological Determinants of Atherosclerosis
in Youth Study),>* is independently correlated with the
percentage of intimal surface in the coronary arteries and
aorta that are affected by early atherosclerotic lesions,
including fatty streaks and fibrous plaques. In addition,
clustering of elevated blood pressure and other cardio-
vascular risk factors, as seen with the epidemic of the
metabolic syndrome and obesity, is associated with an
exponential increase in atherosclerotic vascular involve-
ment.' These correlations are also evident when non-
invasive measures of vascular involvement are used in
children and young adults. Ultrasonography has shown
that increased blood pressure in children and adolescents
is associated with endothelial dysfunction in systemic
arteries, increased thickness of the arterial intima-media
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Key points

The epidemic of youth obesity is increasing the prevalence of hypertension,
primarily related to the metabolic syndrome, which accelerates atherosclerosis
and increases the likelihood of target-organ damage

While primary hypertension is more prevalent in older children and adolescents,
secondary hypertension is more prevalent in infants and younger children and
those with more severe blood pressure elevation

Accurate blood pressure measurement in children requires attention to
technique, particularly the use of the appropriate cuff size matched to the size
of the child’s extremity

For children, blood pressure measurements must be related to population-
derived percentile levels based on sex, age, and height, which inform definitions
of prehypertension and hypertension

Ambulatory blood pressure monitoring can be useful in assessing ‘white coat’
and masked hypertension, blood pressure variability, children at high risk of
cardiovascular disease, and effectiveness of antihypertensive agents

Lifestyle behavioral change is the cornerstone of management, but clinical
trials of pharmacological agents in children have expanded the armamentarium
for those patients who meet criteria for antihypertensive treatment

Table 1 | Classification of hypertension in youth*

Category Systolic or diastolic blood pressure
percentile
Normal <90h

90-95™, or if blood pressure exceeds
120/80mmHg even if <90 up to <95"

95-99" plus 5mmHg

Prehypertension

Stage 1 hypertension

Stage 2 hypertension >99" plus 5mmHg

*Percentiles are based on normative values related to sex, age, and height
percentile. If systolic and diastolic categories are different, classify by the
higher category.

complex, impaired arterial compliance and distensibil-
ity, and increased levels of inflammatory markers.*¢
Research using ultrafast CT has shown a positive cor-
relation between blood pressure and coronary artery
calcification in adolescents and young adults.” These
studies provide consistent and compelling evidence
that the atherosclerotic process begins in youth, and is
accelerated by increased blood pressure.

In addition to accelerated atherosclerosis, there is also
evidence of target-organ damage—primarily left ven-
tricular hypertrophy (LVH). LVH has been reported in
about one third of children and adolescents with mild,
untreated hypertension and in a greater proportion of
those with persistent hypertension.**° LVH can be con-
centric or eccentric, with concentric being associated
with a higher risk of cardiovascular outcomes.® The risk
of LVH increases with the severity of hypertension in
adolescents, but the odds of LVH are also increased in
those with masked and milder hypertension (but not with
‘white coat’ hypertension), compared with normotensive
adolescents.'” Lande et al. showed that, after matching for
BM]I, children with ‘white coat” hypertension had greater
left ventricular mass index than normotensive controls,
but less than patients with persistent hypertension (26%
with LVH)." Studies have also shown that the presence
of concomitant obesity further increases the prevalence

of LVH in youths with hypertension.’ In addition, LVH
has been shown to be correlated with increased carotid
intima-media thickness—an early marker for athero-
sclerosis—and increasing adiposity in children and ado-
lescents with hypertension.* The working group of the
National High Blood Pressure Education Program on
Children and Adolescents recommended that the pres-
ence of LVH be used to influence therapeutic decisions
in patients with hypertension.'? In this Review, I provide
a general overview of hypertension, highlighting evalu-
ation and management aspects of this condition that are
specific to infants, children, and adolescents.

Definition of hypertension in youth
The Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and
Adolescents'? provides systolic and diastolic blood pres-
sure levels corresponding to the 50, 90*, 95, and 99
percentiles based on the child’s sex, age, and height per-
centile. The height percentile is plotted from normal
growth charts.”” The blood pressure tables and instruc-
tions for using them are available in the report'*> and
online.™

Blood pressure status can be classified on the basis of
systolic and diastolic blood pressure percentiles (Table 1).
Measurements below the 90" percentile are considered
normal. Prehypertension or hypertension are present
when measurements of either systolic or diastolic pres-
sure, or both, are at or above the 90 percentile. Blood
pressure should be measured at least twice during the
same assessment, and confirmed over at least three
separate occasions.'® Prehypertension is present when
the measurement is at or above the 90" percentile, but
less than the 95" percentile, as well as when blood pres-
sure reaches or exceeds 120/80 mmHg in an adolescent.
Hypertension is present when repeated measurements
are at or above the 95" percentile. Hypertension is further
classified as either stage 1, in which blood pressure ranges
from the 95" to the 99" percentile plus 5 mmHg, or
stage 2, where blood pressure is above the 99 percentile
plus 5mmHg. ‘White coat’ hypertension occurs when the
patient’s blood pressure remains above the 95t percentile
when measured in a clinical setting, but is normal when
measured in a familiar setting. If hypertension is con-
firmed, blood pressure should be measured in both arms
and a leg. The classification of blood pressure influences
decisions on evaluation and management.

Prevalence of hypertension in youth

Population-based studies of blood pressure in children are
important in determining the burden of risk, but cohort
studies provide important information regarding track-
ing (the persistence into adulthood of blood pressure
abnormalities noted in childhood), which is an evidence
component supporting the need for early intervention
to reduce blood pressure. Examination of serial cross-
sectional data from the National Health and Nutrition
Examination Survey in children aged 8-17 years, showed
atrend towards an increase in the prevalence of both pre-
hypertension and hypertension in the US (Figure 1).!¢ Each
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survey showed a higher prevalence of prehypertension in
boys than in girls, whereas the prevalence of hypertension
was similar for both sexes. Overweight and, particularly,
obesity increased the likelihood of both prehypertension
and hypertension. Ethnic differences were also noted;
particularly the prevalence of prehypertension was higher
in non-Hispanic black girls compared with other ethnic
groups.'® However, given the impact of sex, ethnicity or
race, anthropometry, and the influence of both genetic
and environmental factors on blood pressure, together
with variations in measurement technique and definitions,
comparisons of the prevalence of hypertension in different
populations can be problematic.

Longitudinal cohort studies aim to determine the
degree to which blood pressure tracks over time, parti-
cularly from childhood to adulthood, thus supporting
the early identification of high-risk individuals. A meta-
analysis of 50 cohort studies showed inconsistencies
across studies but correlation coefficients for tracking,"”
which were higher for systolic than diastolic blood pres-
sure (0.38 and 0.28, respectively). The strength of the
tracking correlations increased with older baseline age
and decreased with longer periods of follow-up. Although
subtle variations were found, tracking correlations were
not significantly influenced by race and ethnicity or geo-
graphic population. Tracking of diastolic blood pressure
was weaker for females and stronger when automated
measurement devices were used.

Etiology of hypertension in youth

Primary or essential hypertension

Primary or essential hypertension is an epidemic public
health problem in adults, but has its origins in child-
hood. The prevalence of hypertension in adults is age
dependent. Overall, hypertension affects about 20%
of adults in North America, with a low prevalence of
optimal treatment and control, which is of particular
concern for patients with diabetes.'® For young adults
aged 18-39 years, isolated systolic hypertension is more
prevalent, and has been shown to be associated with male
sex, current smoking, obesity, and lower educational
level.’ However, obesity in adults is more likely to be
associated with isolated diastolic or combined systolic
and diastolic hypertension.” Primary or essential hyper-
tension, as well as predisposing factors, can be identified
in children and adolescents. The increasing prevalence
of increased body weight and obesity in youth has been
associated with a greater prevalence of prehypertension
and hypertension. Insulin resistance has been shown
to be independently associated with hypertension, in
addition to the degree distribution of adiposity.?* Sleep
abnormalities are prevalent among obese children and
adolescents, and contribute to hypertension in this
setting.?»** Childhood obesity might accelerate the
manifestation and exacerbate primary hypertension in
those individuals with a familial predisposition towards
developing elevated blood pressure.?* The genetic basis
is likely to be polygenic in nature and reflect multiple
pathophysiological mechanisms related to blood pres-
sure homeostasis, although single gene defects associated

12 [ ] Prehypertension
[ ] Hypertension
10 —
s

Prevalence (%)
o
|

L

1988-1994

1999-2002
Years

2003-2006

Figure 1 | Prevalence of prehypertension and hypertension
in the US between 1988 and 2006 among children aged
8-17 years. Data from Ostchega, Y. et al. Trends of
elevated blood pressure among children and adolescents:
data from the National Health and Nutrition Examination
Survey 1988-2006. Am. J. Hypertens. 22, 59-67 (2009).

with hypertension in children are being increasingly
defined.” A study of dietary and lifestyle factors in
children showed that elevated systolic blood pressure
was related to increased BMI, carbohydrate intake, and
time spent in sedentary pursuits.?® Primary or essential
hypertension is likely to become increasingly prevalent at
younger ages, concomitant with the worsening epidemic
of obesity in youth.*%

Secondary hypertension
By contrast to adult hypertension, high blood pressure in
children is likely to have an underlying secondary cause.
The younger the child and the greater the degree of blood
pressure elevation, the greater the likelihood of a second-
ary cause. The evaluation of children and adolescents
is, therefore, primarily aimed at identifying secondary
causes, associated comorbidities, additional risk factors,
and evidence of target-organ abnormalities. The preva-
lence of specific secondary etiologies varies with the age
of the patient (Table 2). Exact etiology-specific preva-
lence estimates are difficult to obtain, given that etiology
is not examined in population-based cohort studies, and
referral-based clinical studies might be biased towards
a particular etiology. Nonetheless, renal parenchymal
abnormalities (polycystic renal disease, multicystic
dysplastic renal disease, hydronephrosis, chronic pyelo-
nephritis, glomerulonephritides, and chronic renal
failure) are estimated to account for about 75% of secon-
dary hypertension in children, followed by renovascular
abnormalities (renal artery stenosis or thrombosis, and
renal vein thrombosis).?® Both therapeutic and illicit
drugs, such as corticosteroids and decongestants, as
well as some nutritional substances, such as caffeine,
may be iatrogenic causes or contributors to secondary
hypertension.

Other etiologies are much less prevalent. Wilms
tumor, neuroblastoma and, rarely, pheochromocytoma
are childhood tumors associated with hypertension.
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Table 2 | Prevalent causes of hypertension by age

Age group Main causes

Neonates Renal artery/vein thrombosis
Congenital renal anomalies

Coarctation of the aorta

Coarctation of the aorta
Renovascular disease
Renal parenchymal disease

<1 year

1-6 years Renal parenchymal disease
Renovascular disease

Coarctation of the aorta

7-12 years Renal parenchymal disease
Renovascular disease

Primary/essential hypertension

13-18 years Primary/essential hypertension
Medication or substance use

Renal parenchymal disease

Williams syndrome is associated with renal artery steno-
sis, and Turner syndrome is associated with coarctation
of the aorta. Endocrinopathies associated with hyper-
tension include hypercortisolism, hyperthyroidism,
hyperaldosteronism, and diabetes as well as rare met-
abolic conditions, such as congenital adrenal hyper-
plasia. These conditions unbalance normal homeostasis.
Neurocutaneous syndromes, such as tuberous sclerosis
and neurofibromatosis, can be associated with various
pathophysiological mechanisms contributing to hyper-
tension. Systemic lupus erythematosis can lead to renal
parenchymal disease and hypertension.

Blood pressure measurement

General screening

Current guidelines recommend that all children over
3 years of age should have their blood pressure assessed
as part of routine health maintenance.'? The setting
for assessment should be optimized to reduce distrac-
tions and stress, and the patient should be in a relaxed
state. Although oscillometric devices are being more
frequently used, auscultation and the use of a mercury
column sphygmomanometer remains the recommended
approach, and the method that was used to derive current
normal values of blood pressure upon which cutpoints
for decision-making are based.”” Blood pressure measure-
ments above the 90™ percentile from oscillometric assess-
ment should be reassessed with the ausculatory method,
since normal values based on this method are not avail-
able. Elevated measurements demonstrated by either
method should be confirmed by repeated assessment at
aminimum of three different time points.

For either method, use of an appropriately sized cuffis
important, and 80-100% of the inflatable bladder length
should encircle the mid-portion of the upper arm. The
right arm is preferred, with the child seated (infants can
be supine). At least 40% of the arm from the olecranon
to the acromion should be covered by the width of the
inflatable bladder. Use of a cuff that is too small might
falsely elevate readings. Particular care should be taken
to ensure the appropriate cuff size when assessing over-
weight and obese patients. The head of the stethoscope

is placed over the brachial artery pulse, below the lower
edge of the cuff. The arm should be relaxed and sup-
ported such that the cubital fossa is at the level of the
heart. Systolic pressure is taken as the onset of the first
Korotkoff sound; disappearance of Korotkoff sounds (the
fifth Korotkoff sound) is taken as the diastolic pressure.?
In some children, Korotkoff sounds are evident down to
0mmHg. In this instance, the measurement should be
repeated with less pressure on the head of the stetho-
scope; if the low pressure measurement persists, then the
fourth Korotkoff sound or muffling may be recorded as
the diastolic pressure.

Despite the current recommendation for using the
fifth Korotkoff sound to indicate diastolic blood pressure,
some evidence suggests that the fourth sound might be
better. A meta-analysis of 50 cohort studies showed that
tracking coefficients tended to be higher for the fourth
versus fifth sound, although the difference was not sig-
nificant.*® Although tracking might be better for diastolic
measurements based on the fourth versus the fifth sound,
there are systematic differences in the values derived. An
analysis of 129 surveys worldwide showed that diastolic
blood pressure measured using the fourth sound was
consistently 5 mmHg higher than when using the fifth
sound.’ Successive previous recommendations have
advocated use of the fourth sound,* followed by use of
the fourth sound in infants and young children, and the
fifth sound in older children and adolescents,* followed
by the current recommendation for sole use of the fifth
sound, based on a growing body of normal values using
the fifth sound from the NHANES studies.'>** Current
normal values and definitions of hypertension are based
on the use of the fifth sound, and this should be taken
into account if one uses the fourth sound for assessment.
Although sphygmanometric devices with auscultation are
currently recommended for blood pressure measurement,
automated devices have gained widespread popularity.
These devices are easier to use, digit bias is eliminated,
observer variation minimized, and they can be used when
auscultation is difficult, particularly in very young chil-
dren. In addition, these devices have been associated with
stronger tracking coefficients.’*® However, current normal
values and definitions of hypertension are based on the
use of sphygmanometry with auscultaion, and this should
be taken into account when measuring blood pressure
with an automated device. Mercury manometers have
been banned in some countries and many health-care
institutions because of concerns about toxicity. Newer
sphygmanometric and oscillometric devices have not
yet been fully validated, and normal values specific for
measurement with these devices are not available. The
potential for systematic errors requires further study.

Assessment of young children

For children aged 3 years or younger, blood pressure
should be assessed if a secondary condition known to be
associated with hypertension is present (Box 1).'* Blood
pressure measurement can be technically challenging in
these patients, and the role of pulse palpation or Doppler
devices has not been systematically defined. The use of
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oscillometric devices might be acceptable. Interpretation
of the measurements should take into account the level
of cooperation or agitation of the child.

Box 1 | Conditions under which children <3 years old should have BP measured

= History of prematurity, very low birth weight, or other neonatal complication
requiring intensive care

i i Congenital heart disease (repaired or nonrepaired)
Measurement in the lower extremity

Blood pressure should be measured in the lower extremi-
ties when elevated systolic blood pressure is noted in the
upper extremities or if congenital heart disease, particu-
larly aortic coarctation, is suspected. The child should be
supine, and comparison made to measurements in the Malignancy or bone marrow transplantation

upper extremities also obtained while supine. The cuff = Treatment with drugs known to raise blood pressure
can be placed around the child’s thigh, with auscultation
or Doppler assessment of the popliteal artery, or around
the calf, with assessment of the posterior tibial or dorsalis
pedis artery. A large cuff is required and should cover at
least 60% of the distance between either the perineum
and the knee, or the knee and the ankle. Blood pres-
sure in the upper extremity should not exceed that of
the lower extremity. Distal pulse amplification, or a wide
pulse pressure, may cause the lower extremity systolic

Recurrent urinary tract infections, hematuria, or proteinuria
= Known renal disease or urologic malformations
= Family history of congenital renal disease

Solid-organ transplantation

= Other systemic illnesses associated with hypertension (neurofibromatosis,
tuberous sclerosis, etc.)

= Evidence of elevated intracranial pressure

Abbreviation: BR blood pressure. Reproduced with permission from Pediatrics Vol. 114, Pages
555-576, © 2004 by the American Academy of Pediatrics.

Table 3 | Classification of hypertension in youth incorporating ABP*

blood pressure to exceed that of the upper extremity by Category Clinic BP Mean systolic Systolic BP
an average of 5 mmHg in older children and adolescents, ABP load (%)
although these pressures equalize with exercise.?® Normal <95" percentile <95t percentile 25
. ‘White coat’ hypertension >95% percentile  <95™ percentile <25
Ambulatory blood pressure monitoring . . .
Masked hypertension <95" percentile  >95" percentile >25

Ambulatory blood pressure monitoring (ABPM) has
emerged as a useful modality for assessment of blood
pressure in children and has been shown, in adults, to
better predict cardiovascular disease and events and the

Prehypertension >95" percentile  <95™ percentile 25-50

Ambulatory hypertension >95% percentile  >95™ percentile 25-50

Severe ambulatory hypertension >95™ percentile ~ >95™ percentile >50

risk of end-organ damage than blood pressure measure-
ments obtained in a clinical setting.***” Recommendations
for standard assessment and normative blood pressure
values in children and adolescents exist.*® ABPM is parti-
cularly useful in the evaluation of suspected ‘white coat’
hypertension and masked hypertension, to assess blood
pressure variability, and to evaluate the effectiveness of
drug therapy for hypertension. ABPM is indicated for
evaluation of children with conditions associated with
hypertension, including diabetes and unrepaired or
repaired aortic coarctation, solid-organ transplantation
recipients, and carriers of genes associated with poly-
cystic ovary disease, Williams or Turner syndromes, or
neurofibromatosis.'

ABPM should be performed by trained personnel using
age-appropriate equipment with the correct cuff size on
the nondominant arm. Calibration to resting clinic blood
pressure measurements should be performed, and record-
ings made every 20-30 min while the patient is awake and
30-60 min while asleep. Valid interpretation requires an
appropriate number of recordings, including a minimum
of one reading per hour with at least 40 to 50 readings
in total (representing at least 65% to 75% of all possible
readings) over the 24 h period. Values that are consid-
erably outside of the expected range should be deleted.
Interpretation should be related to specific pediatric
normative values for ABPM. The primary measure is the
mean systolic and diastolic ambulatory blood pressure
over the entire period, and separately for day time and
night time. Additional important measurements include
an indicator of blood pressure load, calculated as the

*Relates clinic BP to normal values from the Fourth Report; relate ambulatory BP to normal values
for ambulatory BP. Abbreviations: ABR ambulatory blood pressure; BP, blood pressure. Adapted from

Urbina, E. et al. Hypertension 52, 433-451 (2008).

percentage of readings that exceed the 95" percentile of
normative ambulatory values. Night-time dipping is cal-
culated as the percentage fall of mean night-time values
versus mean day-time values,* and blunted dipping may
be associated with nephropathy in patients with dia-
betes.***! Definitions of hypertension incorporating the
contribution of ABPM are shown in Table 3.

Diagnostic evaluation

Clinical evaluation of patients with prehypertension
and hypertension begins with a thorough history and
physical examination. The focus of this assessment
is to detect symptoms and signs that might be associ-
ated with a secondary etiology or reveal the presence
of other cardiovascular risk factors or high-risk con-
ditions. A detailed family history should focus on
cardiovascular risk factors and disease, and inheritable
conditions. Past and current medical history should
include a review of medications, substances, and dietary
supplements. Symptoms and signs specifically related
to hypertension are rare in childhood and usually only
evident if hypertension is severe. Symptoms and signs in
neonates are nonspecific, and include irritability, leth-
argy, poor weight gain, respiratory distress, congestive
heart failure (tachypnea, tachycardia, hepatomegaly),
and seizures. Additional symptoms noted in children
and adolescents include fatigue, headache, and visual
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Table 4 | Laboratory testing for hypertension in youth

Evaluation Main diagnostic utility
General
Urinalysis Renal disease

Urine culture

Renal ultrasound

Blood chemistries (creatinine, urea
nitrogen, uric acid, electrolytes, calcium)

Complete blood count

Echocardiography

Fasting lipid profile, glucose
Etiology-specific
Radionucleide renal scan
Renovascular imaging

Plasma renin profiling

Plasma and urine catecholamines,
metanephrines

Plasma and urine steroids

Chronic pyelonephritis

Structural renal anomalies, renal scar,
malignancy

Chronic renal failure, endocrinopathies

Anemia associated with chronic renal failure

Left ventricular hypertrophy (coarctation of
the aorta)

Obesity-related metabolic comorbidities

Renovascular disease
Renovascular disease

Mineralocorticoid-related disease, genetic
disorders of renal sodium handling

Catecholamine-mediated hypertension,
pheochromocytoma

Steroid-mediated hypertension

disturbances. A careful and complete review of systems
is essential for identification of symptoms that suggest a
specific secondary etiology. Lifestyle assessment should
also be included, with detailed evaluation of nutritional
intake and dietary behaviors (with attention to sodium,
potassium, and calcium intake), physical activity habits,
time spent in sedentary pursuits, and smoking, or smoke
exposure. A sleep history or assessment is particularly
important for obese patients.

Physical examination, in addition to careful assess-
ment of blood pressure, should be focused on assessing
cardiovascular risk and detecting signs suggestive of
secondary causes. Height and weight should be measured
and plotted, and BMI calculated and plotted. Although
retinal vasculopathy and papilledema are rare, ophthal-
mological examination is indicated in patients with
severe hypertension. Physical signs of secondary causes
can be subtle, such as tachycardia, abdominal bruits, café
au lait spots, or thyromegaly, and the assessment should
be thorough.

Laboratory evaluation is aimed at screening and evalu-
ation for secondary causes, assessment for associated
cardiovascular risk factors, and identification of target-
organ damage. Use of testing should be tiered, with some
tests included as part of general screening, while more
specialized tests are used if a clinical suspicion is present
for a specific underlying cause based on history, physi-
cal examination, and screening tests. More specialized
tests may also be indicated for patients, with stage 1 or
2 hypertension, persistent or worsening hypertension
despite treatment, and hypertension in neonates and
infants. Particularly with more severe hypertension, the
presence of obesity should not preclude more specialized
assessment, despite the higher likelihood that the hyper-
tension is primary in nature. A strategy and indication for

general assessment versus specific assessment is shown
in Table 4. LVH is the main target-organ damage evident
in children and adolescents, and echocardiography is the
primary modality for assessment. Left ventricular mass is
calculated from measurements made from standardized
echocardiographic views using the equation of Devereux
and colleagues.** Left ventricular mass must be indexed to
body size (lean body mass) and height (m*?)."* A cutpoint
of 51 g/m?7 (99" percentile) has been used to define LVH,
although this is somewhat arbitrary, as the relationship
to outcomes for children is unknown. Age-specific refer-
ence values for left ventricular mass index in children and
adolescents have been reported.*

Management of hypertension in youth
Management of hypertension in children and adolescents
should be directed toward the underlying etiology, exac-
erbating factors, and the magnitude of the blood pressure
abnormality. For both primary and secondary hyperten-
sion, exacerbating factors, such as poor dietary and physi-
cal activity habits, smoking, stress, sleep disturbance, and
obesity, should be addressed and minimized. The goal of
management is to reduce blood pressure to within the
normal range while preventing or reversing target-organ
damage. The balance of the risks of therapy versus the
benefits should be considered, given that there is no direct
evidence to confirm that reducing hypertension in youth
affects the patient’s cardiovascular health in adulthood;
however, indirect evidence exists and is increasing, and
is informing the imperative to treat.* The Fourth Report
Task Force outlines a general algorithm for manage-
ment (Figure 2)."> Uncomplicated primary prehyperten-
sion and hypertension can be effectively evaluated and
managed by primary-care providers. Pediatric patients
with secondary hypertension usually require evaluation
and management by a specialist in the particular under-
lying etiology. Patients with primary hypertension who
require pharmacological management might benefit
from consultation with and management by a physician
with specific expertise in pediatric hypertension, usually
anephrologist or cardiologist.

Nonpharmacological management
Healthy behavioral changes are the primary manage-
ment tool for treating hypertension and, particularly,
prehypertension. However, the main role of lifestyle
changes is to prevent and address other cardiovascular
risk factors, particularly those that cluster in association
with the metabolic syndrome. Given that overweight and
obesity both cause primary hypertension and exacerbate
primary and secondary hypertension, weight reduction
or maintenance is important. Specific health behaviors
that should be targeted include dietary modifications,
increasing levels of physical activity while decreasing
time spent in sedentary pursuits, and eliminating expo-
sure to tobacco smoke. Measures to address stress and
disordered sleep should be incorporated as indicated.
Dietary modifications aimed at overweight and obesity
could include reduction of cholesterol and fat intake,
particularly saturated fat, reducing intake of sweetened
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Stage 2 hypertension

Diagnostic workup
including evaluation for
target-organ damage

Secondary 1

or Primary

hypertension hypertension

Measure BP and height and calculate BMI
Determine BP category for sex, age, and height
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'

Stage 1 hypertension

'

Prehypertensive

|

Normotensive

l 9095t l <90th l
Repeat BP measurement | percentile Therapeutic percentile Educate on heart healthy
Over 3 visits or lifestyle changes lifestyle for the family
m 120/80mmHg T
>95 90™-95" | or
percentile percentile y 120/80mmHg
Diagnostic workup Repeat BP measurement
including evaluation for in 6 months
target-organ damage
Secondary Primary
hypertension hypertension

Consider referral Drug therapy| | Therapeutic Consider diagnostic workup:
to provider with expertise specific lifestyle and evaluation for
in pediatric hypertension for cause changes target-organ damage
if overweight or

Normal Overweight >95" | Normal Overweight Bomorbidity.exists

BMI percentile BMI Normal .

Overweight
BMI
Drug Weight Drug Weight Monitor Weight
therapy reduction/ therapy reduction every 6 reduction
drug therapy months

t
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Figure 2 | Management algorithm for blood pressure categories in children and adolescents. Abbreviation: BP, blood pressure.
Reproduced with permission from Pediatrics Vol. 114, Pages 555-576, © 2004 by the American Academy of Pediatrics.

drinks and processed and fast foods, and increasing
intake of fresh vegetables, fruits, and whole grain prod-
ucts. Eating behaviors to target include limitations on
portion sizes and snacking, elimination of meal skipping,
and increases in the number of meals eaten as a family.
Reduction of sodium intake and increase in potassium
intake has been advocated as a strategy for reducing
hypertension.* Although sodium restriction is difficult
to achieve for children, avoiding processed foods, paying
attention to sodium content as noted on food labels, and
not adding salt to foods is feasible. A recent meta-analysis
of 10 controlled trials, including 966 children, concluded
that a modest reduction in salt intake was associated with
significant reductions in systolic and diastolic blood
pressure.* Dietary counseling with a dietician or nutri-
tionist should be family-based and include techniques
in motivational interviewing that promote behavioral
changes. Online resources, such as “Dietary Approaches
to Stop Hypertension” or DASH from the US National
Heart, Lung and Blood Institute,”” can be useful educa-
tional adjuncts. The DASH approach advocates reducing
intake of saturated fat and refined sugar, while increas-
ing intake of fruits and vegetables, high fiber foods, and
low-fat dairy products. The DASH dietary approach has
recently been studied in hypertensive adolescents and
been shown to effectively lower systolic blood pressure
with improvements in nutritional intake.*®

Physical activity has also been advocated as an impor-
tant management tool.'”” A meta-analysis of clinical trials
in children and adolescents showed a 1% reduction in
systolic blood pressure and 3% reduction in diastolic
blood pressure with exercise interventions, although
these findings were not statistically significant.*

Nonetheless, increases in physical activity, both through
aerobic exercise and noncompetitive resistance training,
has been recommended for the treatment and prevention
of obesity, hypertension, and other cardiovascular risk
factors in youth.® A caveat is that patients with uncon-
trolled stage 2 hypertension should be restricted from
participation in competitive sports. At least 60 min of
moderate to vigorous daily physical activity, together
with a reduction in sedentary pursuits to less than 2h
per day, should be the goal.”!

Pharmacological management

Pharmacological management is reserved for patients
with stage 1 or 2 hypertension (Box 2). The presence of
other cardiovascular risk factors, such as hyperlipidemia,
could be a further indication for pharmacological inter-
vention given the exponential increase in cardiovascular
risk associated with multiple risk factors. The goal of
pharmacological management is to reduce blood pres-
sure to below the 95™ percentile and to prevent target-
organ damage. If target-organ damage is present, or
the patient has diabetes or chronic renal failure, then the
goal is to reduce blood pressure to below the 90" per-
centile.'>*? Several classes of drugs are suitable for
nonemergent management, including angiotensin-
converting-enzyme (ACE) inhibitors, angiotensin-receptor
blockers, B-blockers, calcium-channel blockers, and
diuretics. A review by Flynn and Daniels gives pediat-
ric dosing information for these medications.’> Many
of these drugs used to treat hypertension in adults now
have a pediatric indication supported by an appropriate
clinical trial *>** However, none of the studies investigat-
ing pharmacological management of hypertension in
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Box 2 | Indications for pharmacological management

= Persistent hypertension despite nonpharmacological
management

= Secondary hypertension

= Presence of hypertension-related symptoms

= Presence of target-organ damage

= Presence of associated diabetes

children and adolescents have had a cardiovascular end
point, and none have compared different drugs in chil-
dren. In addition, there have been several negative clinical
trials, highlighting the need for careful attention to dif-
ferences in pharmacology between adults and children,
pediatric formulations, and appropriate primary end
points.** These trials have also been short-term in nature;
therefore, long-term and comparative efficacy and safety
remain unknown.” As a result, guidelines about the use
of specific agents to use have been necessarily vague,'>>
and compliance in practice has been suboptimal.**-8
The choice of initial drug remains at the discretion
of the patient’s care provider. In some circumstances,
the choice of drug might be directed by the underlying
pathophysiological mechanism. An ACE inhibitor or
angiotensin-receptor blocker might be recommended for
patients with diabetes and microalbuminuria or protein-
uric renal diseases. A clinical trial of intensified blood
pressure control with ramipril in hypertensive children
with chronic renal disease showed a benefit in terms of
freedom from worsening renal function.” A calcium-
channel blocker or B-blocker might be recommended
for patients with associated migraine headaches, and a
B-blocker might be preferred for patients with hyper-
tension after repair of aortic coarctation.’” Patients
with hypertension primarily associated with obesity,
particularly those with higher renin levels, may benefit
from an ACE in hibitor.”> Those obese patients with low
renin levels may benefit from a diuretic. The chosen
agent should be started at the lowest dose and titrated
as tolerated on the basis of adverse effects and treatment
response. A stepped-care approach individualized to the
patient has been recommended.* Patients who do not
respond to their initial drug may be switched to another
drug in that class or to a drug in a different class. Some
patients require an additional drug from a different class,

usually one with a complementary mechanism of action.
Ongoing monitoring is important, and should address
blood pressure response, adverse effects, compliance with
both pharmacological and nonpharmacological manage-
ment, assessment for target-organ damage, and resolu-
tion or exacerbation of additional cardiovascular risk
factors. Hypertensive emergencies are rare in children
and are usually related to underlying renal disease or after
repair of aortic coarctation, characterized by severe and
symptomatic hypertension with blood pressure above
the 99" percentile, and should be treated carefully with
intravenous antihypertensive medications.®

Conclusions

Adult hypertension often begins in childhood. However,
prehypertension and hypertension are distinctly different
in children and adolescents than they are in adults, and
require evaluation and management reflecting differences
in the underlying pathophysiology and the developmental
aspects of these conditions. Although manifest cardio-
vascular disease related to hypertension is rare during
childhood, early onset of this condition undoubtedly
contributes to an acceleration of cardiovascular disease
and target-organ damage, particularly in the presence
of the clustering of risk factors associated with obesity.
Public-health strategies need to be aimed toward child-
hood obesity and hypertension if a future epidemic of
cardiovascular disease is to be prevented. Such initiatives
should be based on an expanded evidence base derived
from longitudinal cohort studies, mechanistic studies,
and randomized clinical trials of interventions that utilize
noninvasive markers of atherosclerosis as vascular end

Review criteria

The majority of the recommendations included in this
Review are derived from the Fourth Report on the
Diagnosis, Evaluation, and Treatment of High Blood
Pressure in Children and Adolescents, published in 2004
from work of the National High Blood Pressure Education
Program Working Group on High Blood Pressure in
Children and Adolescents, National Heart, Lung and Blood
Institute, National Institutes of Health.1? Literature from
2004 to 2009 was derived from a Medline search using
the terms “blood pressure” and “hypertension” limited
to the pediatric age groups. References cited in pertinent
review articles and guidelines were also included.
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