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Foreword 

This is the fourth report from the National 
High Blood Pressure Education Program 
(NHBPEP) Working Group on Children 
and Adolescents; it updates the previous pub-
lication, Update on the Task- Force Report 
(1987) on High Blood Pressure in Children 
and Adolescents (Pediatrics. 1996;98:649-58). 
The purpose of this report is to update dini-
cians on the latest recommendations 
concerning the diagnosis, evaluation, and 
treatment of hypertension is children; recom-
mendations are based on English-language, 
Peerreviewed, scientific evidence (from 1997 
to 2004) and the consensus expert opinion of 
the NHBPEP Working Group. 

This report includes new data from the 
1999-2000 National Health and Nutrition 
Examination Survey (NHANES), as well as 
revised blood pressure (BP.) tables that include 
the 50th, 90th, 95th, and 99th percentiles by 
sex, age, and height. Hypertension in children 
and adolescents continues to be defined as 
systolic BP (SBP) and/or diastolic BP {DBP) 
that is, on repeated measurement, at or above 
the 95th percentile for sex, age, and height . 
BP between the 90th and 95th percentile in 
childhood is now termed "prehypertension" 
and is an indication for lifestyle modifications . 
New guidelines are provided for the staging of 
hypertension in children and adolescents, as 
well as updated recommendations for diag-
nostic evaluation of hypertensive children. 
In addition, the report evaluates the evidence 
of early target-organ damage in . children and 

adolescents with hypertension ; provides the 
rationale for early identification and treat-
ment; and provides revised recommendations, 
based on recent studies, for the use of antihy-
pertensive drug therapy. Treatment recom-
mendadons also include updated evaluation 
of nonpharmacologic therapies to reduce 
additional cardiovascular risk factors . The 
report describes how to identify hypertensive 
children who need additional evaluation for 
sleep disorders that may be associated with 
BP elevation . 

Dc Bonita Falkner has our deep appreciation 
for leading the members of the 1VHSPEP 
Working Group in developing this new report. 
Dc Falkner and the Working Group per-
formed diligently and brilliantly to assemble 
this document in a timely manner. Applying 
these recommendations to clinical practice will 
address the important public health issue of 
improving inadequate BP control. 

O 
Barbara M. Alving, M.D. 
Acting Director 
National Heart, Lung, and Blood Institute 
and 
Chair 
National High Blood Pressure Education Program 
Coordinating Committee . 

Forevrord 
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Introduction 

Considerable advances have been made m 
detection, evaluation, and management of 
high blood pressure, or hypertension, in chil-
dren and adolescents . Because of the . 
development of a large national database 
on normative blood pressure.(BP) levels 
throughout childhood, the ability to identify 
children who have abnormally elevated BP 
has unproved. On the basis of developing 
evidence, it is now apparent that primary 
hypertension is detectable in the young and 
occurs commonly. The long-term health risks 
for hypereensive children and adolescents can 
be substantial ; therefore, it is important that 
clinical measures be taken to reduce these 
risks and optimize health outcomes. 

The purpose of this report is to update clini-
cians on the latest scientific evidence 
regarding BP in children and to provide rec-
ommendations fox diagnosis, evaluation, and 
treatment of hypertension based on available 
evidence and consensus expert opuuon of the 
Working Group when evidence was lacking . 
This publication is the fourth report from the 
National High Blood,Pressure Education 
Program (NHBPEP). Working Group on 
Children and Adolescents and updates the 
previous 1996 publication, Update on the 
Task Force Report (1987) on High Blood 
Pressure in Children and Adolescents.' 

This report includes the following information: 
n New data, from the 1999=2000 National. 
Health and Nutrition Examination Survey 
(NHANFS), have been added to the child- 

hood BP database, and the BP data have 
been reexamined . The revised BP tables 
now include the 50th, 90th, 95th, and 
99th percentiles by sex, age, and height . 

. Hypertension in children and adolescents 
continues to be defined as systolic BP (SBP) 
and/or diastolic BP (DBP) that is, on 
repeated measurement, at or above the 95th 
percentile . BP between the 90th and 95th 
percentile in childhood had been designated 
"high normal." To be consistent with the 
Seventh Report of the Joint National 
Committee on the Prevention, Detection, 
Evaluation, and Treatment of High Blood 
Pressure (JNC 7), this level of BP will now 
be termed "prehypertensive" and is an indi-
cation fox lifestyle modifications? 

. The evidence of early target-organ damage 
in children and adolescents with hyperten-
sion is evaluated, and the rationale for early 
identification and treatment is provided. 

. Based on recent studies, revised recommen-
dations for use of antihypertensive drug 
therapy are provided . 

. Treatment recommendations include 
updated evaluation of nonpharmacologic 
therapies to reduce additional cardiovas-
cular risk factors . 

. Information is included on the identification 
of hypenensive children who need addi-
tional evaluation for sleep disorders. 

introduction 
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Methods 

In response to the request of the IVHBPFI' 
Chair and Director of the National Heart, 
Lung, and Blood Institute (NHIZI) regarding 
the need to update the JNG 7 report,2 some 
NHBPEP Coordinating Committee members 
suggested that the NHBPEP Working Group 
Report on Hypertension. in Children and 
Adolescents should be revisited. Thereafter, 
the rII-II,BI Director directed the NF3I,BI staff 
to examine issues that might warrant a new 
report on children. Several.prominent clini-
cians and scholars were asked to develop 
background manuscripts on selected issues 
related m hypertension in children and ado-
lescents . Their manuscripts synthesized the 
available scientific evidence. During the 
spring and summer of 2002, NHI.BI staff and 
the chair of the 1996 NHBPEP Working 
Group report on hypertension in children and . 
adolescents reviewed the scientific issues 
addressed in the background manuscripts as 
well as contemporary .policy issues . Sub-
sequently, the staff noted that a critical mass 
of new information had been identified, thus 
warranting the appointment o# a panel to 
update the earlier NI-IBPEP Working Group 
Report. The NHLBI Director appointed the 
authors of the background papers and other 
national experts to serve on the new panel. 
The chair and IVHI,BI staff developed a 
report outline and timeline to complete the 
work in 5 months. 

The background papers served as focal points 
for review of the scientific evidence at the first 
meeting. The members of the Working Group 
were assembled into teams, and each team 
prepared specific sections of the report. In 
developing the focus of each section, the 
Working Group was asked to consider the 
peer-reviewed scientific literature published in 
English since 1997 . The scientific evidence 
was classified by the system used in the 
JNC 7.2 The chair assembled the sections 
submitted by each team into the first draft of 
the report The draft report was distributed 
to the Working Group fox review and com-
ment. These comments were assembled and 
used to create the second draft. A subsequent 
onsite meeting of the Working Group was 
conducted to discuss furrher revisions and the 
development of the third draft document . 
Amended sections were reviewed, critiqued, 
and incorporated into the third draft. After 
editing by the chair for internal consistency, 
the fourth draft was created . The Working 
Group reviewed this draft, and conference 
calls were conducted to resolve any remaining 
issues that were identified. When the Working 
Group approved the final document, it was 
distributed to the Coordinating Committee 
for review. 

Methods 
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Definition of Hypertension 

. Hypertension is defined as average SBP and/or DBP that is greater than or equal 

to the 95tb percentile for sex; age, and height on three or more occasions. 
i Prehypertension in children is defined as average SBP or D&P levels that are greater 
than or equal to the 90th percentile, but less than the 95th percentile. 

r As with adults, adolescents with BP levels greater than or equal to 120l80 rremHg 
should be considered prebypertensive. 

. A patient with BP levels above the 95th percentile in a physician's office or clinic, 
who is nornaoterasave outside a clinical setting, bas wbite-coat hypertension. 
Ambulatory BP monitoring (ABPM) is usually required to make this diagnosis. 

The definition of hypertension in children and 
adolescents is based on the normative distri-
bution of BP in healthy children. Normal BP 
is defined as SBP and DBP that is less than the 
90th. percentile for sec, age, and height. 
Hypertension is defined as average SBP or 
DBP that is greater than or equal to the 
95th percentile for sex,. age, and height on at 
least three separate occasions. Average SBP or 
DBP levels that are greater than or equal to 
the .90rh percentile, but less than the 95th per-
centile, had been designated as "high normal" 
and were considered to be an indication of 
heightened risk for developing hypertension . 
This designation is consistent with the 
description of "prehypertension" in adults. 
The ,{NC .7 Committee now defines prehyper- 

tension as a BP level that is equal to or greater 
than 120/80 mmHg and recommends the 
application of preventive health-related 
behaviors, or therapeutic lifestyle changes, 
for individuals having SBP levels that exceed 
120 uunI Ig? It is now recommended that, 
as with adults, children and adolescents with 
BP levels at 120/80 nunHg ox above, but less 
than the 95th percentile, should be considered 
prehypertensive. 

The term white-coat hypertension defines a 
clinical condition in which the patient has BP 
levels that are above the 95th percentile when 
measured in a physician's office or clinic, 
whereas the patient's average BP is below the 
90th percentile outside of a clinical setting. 

She Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure In Children and Adolescents 
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~ Measurement of 
Blood Pressure in Children 

40 

. Children >3 years old .who are seen in a medical setting should have their BP 
measured. 

. The preferred method of BP measurement is auscultation . 
" Correct measurement requires a cuff f that is appropriate to the size of the child's 
upPerarm. 

r Elevated BP must be confirmed on repeated visits before characterizing a child 
as having hypertension . 

. Measures obtained by oscillometric devices that exceed the 90th percentile should 
be repeated by-auscultation. 

Children over the age of 3 years who are seen 
in medical care settings should have their BP 
measured at least once during every health 
care episode. Children under age 3 should 
have their BP measured in special circum-
stances. (See table 1 .) 

The BP tables are based on auscultatory 
measurements; therefore, the preferred 
method of measurement is auscultation. 
As discussed below, o.zcillometric devices are 
convenient and minimize observer error, but 
they do not provide measures that are iden-
tical to auscultation. To confirm hypertension, 
the BP in children should be measured with a 
standard clinical sphygmomanometer, using a 
stethoscope placed over the brachial artery 
pulse, proximal and medial to the cubital 
Fossa, and below the bottom edge of the cuff 
(i.e ., about 2 em above the cubital fossa) . The 
use of the bell of the stethoscope may allow 
softer Korotlzoff sounds to be heard better.3.4 
The use of an appropriately sized cuff may 
preclude the placement of the stethoscope 
in this precise location, but there is little 
evidence that significant inaccuracy is intro-
duced, either i£ the head of the stethoscope 
is slightly out of position or if there is contact 
between the cuff and the stethoscope. Prep-
araaon of the child for standard measurement 
can affect the BP level just as much as 

technique.s Ideally, the child whose BP is to 
be measured should have avoided stimulant 
drugs or foods, have been sitting quietly for 
5 minutes, and seated with his or her back 
supported, feet on the floor and right arm 
supported, cubital fossa at heart level.b.7 The 
right arm is preferred in repeated measures of 
BP for consistency and comparison to stan-
dard tables and because of the possibility of 

Conditions Under Which Children 
Gi Years Old Should Have Blood 
Pressure Measured 

r History of prematurity, very low 
birthweight, or other neonatal complication 
requiring intensive care 

" Congenital heart disease (repaired or 
nonrepaired) 

. Recurrent urinary tract infections, 
hemanuia, or proceinuria 

" Known renal disease or urologic 
malformations 

" Family history of congenital renal disease 
" Solid organ transplant 
" Malignancy or bone marrow transplant 
" Treatment with drugs known to raise BP 
. Other systemic illnesses associated with 

hypertension (neutofibromatosis, tuberous 
sclerosis, etc .) 

" Evidence of elevated intracranial pressure 

Measurement of Blood Pressure in Children 
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Recommended Dimensions for Blood Pressure Cuff Bladders 

Newborn 4 g . 10 
Infant 6 12 15 
Child 9 is 22 
Small adult . 10 Zq 28 
Adult 13 30 34 
Large adult 16 38 44 
Thigh 20 qp . 52 

" Calculated so that the largest arm would still, allow bladder to encircle arm by at least 80 Percent. 

coaraatian of the aorta, which might lead to next largest cuff should be used, even i f it 
false (low) readings in the left arm.8 appears large. If the appropriate cuffs are 

used, the cuff size effect is obviated .lz 
Correct measurement of BP in children 
requires_use of a cuff that is appropriate to 
the size of the child's upper right um. The 
equipment necessary w measure BP in chil-
dren, ages 3 through adolescence, includes 
child cuffs of different sizes and must also 
include a standard adult cuff, a large adult 
cuff, and a thigh cuff. The latter two cuffs 
may be needed .for use in adolescents, . 

By convention; an appropriate cuff size is a 
cuff with an inflatable bladder width that is at 
least 40 percent of the arm circumference at a 
point midway between the olecranon and the 
acromion . (See wwwamericanheartorglpre-
senter.jhtml?idecttifier=576 .)s~io For such a 
cuff to be optimal for an um, the cuff 
bladder length should cover 8D-100 percent 
of the circumference of the arm.'," Such a 
requirement demands that the bladder width-
to-Length ratio be at least 1:2. Not all 
commercially ava'rlahLe cuffs are manufac-
tured with this ratio. Additionally, cuffs 
labeled for certain age populations (e.g ., 
infant cuffs, child cuffs) are constructed with 
widely disparate dimensions. Accordingly, the 
Working Group recommends that standard 
cuff dimensions for children be adopted. (See 
table 2.) BP measurements are overestimated 
to a greater degree with a cuff that is.too 
small, than they are underestimated by a cuff 
that is too large . I f a cuff is too small, the 

SBP is determined by the onset of the "tap-
ping" Korotkoff sounds (Kl) . Population 
data in children' and risk-associated epidemi-
ological data in adultsi3 have established the 
fifth Korotkoff sound (KS), or the disappear-
ance of Korotkoff sounds, as the definition of 
DBE In some children, Korotkoff sounds can 
be heard to 0 mmHg. Under these circum-
stances, the BP measurement should be 
repeated with less pressure on the head of the 
stethoscope .4 Only if the very low KS persists 
should K4 (muffling of the sounds) be 
recorded as the DBE 

The standard device for BP measurements has 
been the mercury manometer.i< Because of its 
environmental toxicity, mercury has been 
increasingly removed from health care set-
tings. Aneroid manometers are quite accurate 
when calibrated on a semiannual basis's and 
are recommended when mercury-column 
devices cannot be obtained . 

Auscultation remains the recommended 
method of BP measurement in children, under 
most circumstances . Oscillomeuic devices 
measure mean arterial BP and then calculate 
systolic and diastolic values .ib The algorithms 
used by companies are proprietary and differ 
from company to company and device to 
device. These devices can yield results that 

The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure In Children and Adolescents 
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vary widely when one is compared with 
another,l7 and they do not always closely 
match BP values obtained by auscultation.' $ 
Oscillometric devices must be validated on a 
regular basis: Protocols for validation have 
been developed,19,2o but the validation process 
is very difficult . 

Two advantages. of automatic devices are their 
ease of use and the minimization of observer 
bias or digit preference.i6 Use of the auto-
mated devices is preferred for BP measurement 
in newborns and young infants, in whom 
auscultation is difficult, and in the intensive 
care setting where frequent SP measurement 
is needed. An elevated BP reading obtained -
with an oscillometric device should be 
repeated using auscultation . 

Elevated BP must be confirnzed on repeated 
visits before characterizing a clrild as having 
hypertension. Confirming an elevated BP 
measurement is important, because BP at high 
levels tends to fall on subsequent measure-
ment as the result of (1) an accommodation 
effect (i .e ., reduction of anxiety by the patient 
from one visit to the next), and (2) regression 
to the mean . $P level is not static but varies 
even under standard resting conditions. 
Therefore, except in the presence of severe 
hypertension, a more precise characterization 
of a person's BP level is an average of multiple 
BP measurements taken over weeks to months . 

AMBULATORY BLOOD 
PRESSURE MONITORING 

Ambulatory BP monitoring (ABPM) refers to 
a procedure in which a portable BP device, 
worn by the patient, records BP over a speci-
fied period, usually 24 hours . ABPM is very 
useful in the evaluation of hypertension in 
children.zl-23 By frequent measurement and 
recording of BP, ABPM enables computation 
of the mean BP during the day, night, and 
over 24 hours as well as various measures to 
determine the degree to which BP exceeds the 
upper limit of normal over a given time 
period (i.e., the BP load) . ABPM is especially 
helpful in the evaluation of white-coat hyper-
tension, as well as the risk for hypertensive 
organ injury, apparent drug resistance, and 
hypotensive symptoms with aatihypertensive 
drugs . ABPM is also useful for evaluating 
patients for whom more information on BP 
patterns is needed, such as those with episodic 
hypertension, chronic kidney disease, diabetes, 
and autonomic dysfunction. Conducting 
ABPIVI requires specific equipment and trained 
staff. Therefore, ABPM in children and ado-
lescents should be used by experts in the field 
of pediatric hypertension who are experienced 
in its use and interpretation . 
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" Blood Pressure Tables 

" 

! 

r BP standards based on sex, age, and height provide a precise classification 
of BP according to body size. 

" The revised BP tables now include the SOth, 90th, 95th, and 99th percentiles 
(with standard deviations) by sex, age; and height. 

In children and adolescents, the normal range 
of BP is determined by body size and age. 
BP standards that are based on sex, age, and 
height provide a more precise classification 
of BP according to body size. This approach 
avoids misclassifying children who are very 
tall or very short. 

The BP tables are revised to include the 
new height percentile data (wwtiv cdc.gov/ 
growthcharcs!)z4 as well as the addition of BP 
data from the 1VHANES 1999-2000. . Demo-. 
graphic information on the source of the BP 
data is provided in appendix A. The 50th, 
90th, 95th, and 99th percentiles of SBP and 
DBP (using KS) for height by sex and age are 
given for boys and girls in tables j and 4. 
Although new data have been added, the sex, 
age, and height BP levels for the 90th and 
95th percentiles have changed minimally from 
the last report. The 30th percentile has been 
added to the tables to provide the Clinician 
with the BP level at the midpoint of the 
normal range. Although the 95th percentile 
provides a BP level that defines hypertension, 
management decisions about children with 
hypertension should be determined by the 
degree or severity of hypertension. Therefore, 
the 99th percentile has been added to facili-
tate 'clinical decisionmaleuig in the plan for 
evaluation. Standards for SBP and DBP for 
infants younger than 1 year are avu7able.z5 _ 
In children younger than 1 year, SBP has been 
used to define hypertension, 

To use the. tables in a clinical setting, the 
height percentile is determined by using the 

newly revised CDC Growth Charts 
(www.cdc.gov/growth(--harts/) . The child's 
measured SBP and DBP are compared with 
the numbers provided in the table (boys or 
girls) according to the child's age and height 
percentile. The child is normotensive if the 
BP is below the 90th percentile . If the BP is 
equal to or above the 90th percentile, the BP 
measurement should be repeated at that visit 
to verify an elevated BP BP measurements 
between the 90th and 95th percentiles indi-
cate prehypertension and warrant reassessment 
and consideration of other risk factors . (See 
table 5.) In addition, if an adolescent's BP is 
greater than 120/80 mmHg, the patient 
should be considered to be prehypertensive 
even if this value is less than the 90th per-
centile. This BP level typically occurs for SBP 
at age 12 years and for DBP at age 16 years. 

If the child's BP (systolic or diastolic) is at or 
above the 95th percentile, the child may be 
hypertensive, and the measurement must be 
repeated on at least two additional occasions 
to confirm the diagnosis . Staging of BP, 
according to the extent to which a child's BP 
exceeds the 95th percentile, is helpful in devel-
oping a management plan for evaluation and 
treatment that is most appropriate for an indi-
vidual patient. On repeated measurement, 
hypertensive children may have BP levels that 
are only a few mcnHg above the 95th per-
centile; these children would be managed 
differently from hypertensive children who 
have BP levels that are 15-20 inmHg above 
the 95th percentile. An important clinical 
decision is to determine which hypertensive 
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children require more immediate attention for 
elevated B$ The difference between the 95th 
and 99th percentiles is only 7-10 mmHg and 
is not large enough, particularly in view of the 
variability in BP measurements, to adequately 
distinguish mild hypertension-where limited 
evaluation is most appropriate-from more 
severe hypertension where more immediate 
and extensive intervention is indicated. 
Therefore, Stage 1 hypertension is the designa-
tion for BP levels that range from the 95th 
percentile 20 5 iiiinlIg above the 99th per-
centile . Stage 2 hypertension is the designation 
for BP levels that are higher than 5 mmHg 
above the 99th percentile. . Once confirmed 
on repeated measures, Stage 1 hypertension 
allows time for evaluation before initiating 
treatment unless the patient is symptomatic. 
Patients with Stage 2 hypertension may need 
more prompt evaluation and pharmarnlogic 
therapy. Symptomatic patients with Stage 2 
hypertension require immediate treatment and 
consultation with experts in pediatric hyper-
tension. These categories ate parallel td the 
staging of hypertension in adults, as noted in 
JNC 7.2 

USING THE BLOOD 
PRESSURE TABLES 

2 . Use the standard height charts to determine 
the height percentile . 

2 . Measure and record the child's SBP 
and DBP. 

3 . Use the correct gender table for SBP 
and DBP 

4. Find the child's age on the left side of the 
table . Follow the age row horizontally 
across the table to the intersection of the 
line for the height percentile (vertical . 
column) . 

5. There, find the 50th, 90th, 95th, and 99th 
percentiles for SBP in the left columns and 
for DBP in the right columns . 

. BP less than the 90th percentile is normal. 

. BP between the 90th and 95th percentile 
is prehypertension. In adolescents, BP 
equal to or exceeding 120/80 mmHg is 
prehypertension, even if this figure is less 
than the 90th percentile. 

a BP greater than the 9Sth percentile may 
be hypertension . 

b . If the BP is greater than the 90th percentile, 
the BP should be repeated twice at the 
same office visit, and an average SBP and 
DBP should be used 

If the BP is greater than the 95th percentile, 
BP should be staged . If Stage 1 (95th 
percentile to the 99th percentile plus 
5 inmI Ig), BP measurements should be 
repeated on two more occasions. If hyper-
tension is confirmed, evaluation should 
proceed as described in table 7 . If BP is 
Stage 2 (>99th percentile plus 5 iiiniI-Ig), 
prompt referral should be made for 
evaluation and therapy. If the patient is 
symptomatic, immediate referral and treat-
ment are indicated . Those patients with a 
compelling indication, as noted in table 6, 
would be treated as the next higher cate-
gory of hypertension . 
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Blood Pressure Levels for Boys by Age and Height Percentile* 

Age OP Systolic BP (mmHgj Diastolic BP (mmHg) ._ . ._.-.. . .. . . . .-- 
---- - 

...__ . .._... 
(Year) Percentile . t- Percentile of Height ~ e- Percentile of Height -> 

5th 10th 25th 50th 75th 90th 85th 5th 10th 25th 50a, 75th 90th 95th 

1 50th 80 81 83 85 87 88 89 34 35 36 37 38 39 39 
90th 94 95 97 99 700 102 103 49 50 51 52 53 53 54 
95th 98 99 101 103 104 106 106 54 54 55 56 57 58 58 
99th 105 108 108 110 112 113 114 61 62 63 64 65 66 66 

2 50th 84 85 87 88 90 92 82 39 40 41 42 43 44 44 
90th 97 . 99 100 102 104 105 106 54 55 56 57 58 58 59 
95th 101 102 1D4 106 108 109 710 59 59 60 61 62 63 63 
99th. 109 110 T11 113 . 115 117 117 66 67 68 69 70 71 71 

3 50th 86 87 89 94 93 94 95 44 44 45 46 47 48 48 
90th 100 101 103 105 107 108 109 59 59 60 61 62 63 . 63 
95th .104 105 107 109 110 112 113 63 63 64 65 66 67 67 
99th 111 . 112 144 116 118 119 120 71 71 72 73 74 75 75 

. 4 50th 88 8$ 91 93 95 96 97 47 48 49 50 51 51 52 
90th 102 103 105 107 10J 110 111 62 63 64 65 66 66 67 
95th 106 107 109 111 112 114 115 66 67 68 69 70 71 71 
99th . 113 :114 116 118 120 121 122 74 75 76 77 78 78 79 

5 50th ' 90 91 93 95 96 98 98 50 51 52 53 54 55 55 
90th 104 105 106 108 110 111 112 65 66 67 68 69 69 70 
85th 108 109 110 712 114 . 

~ 
115 716 69 70 7'I 72 73 74 74 

. 99th ~115 116 118 120 121 123 123 77 78 79 80 81 81 82 

6 50th 91 92 94, 96 98 99 100 53 53 54 55 56 57 57 
. 90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72 

95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76 
991h 116 117 119 121 123 124 125 80 80 81 82 83 84 84 

.7 50th 92 94 95 97 99 100 101 55 55 56 57 58 59 59 
90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74 
96th : - :110 111 1.13 115 . 117 ` 116 119 74 74 75 76 77 78 78 
99th . 117 118 120 122 124 125 126 82 82 83 

' 

84 85 86 86 

8 50th 94 95 97 99 100 102 102 56 57 58 59 60 60 61 
- ' 90th" - . 107 109 .110 712 114 115 116 71 72 72 73 74 75 76 

. 95th 171 112 114 . 116 118 119 120 75 76 77 78 79 79 80 
99th 119 S20 122 . 123 125 127 127 83 84 85 86 87 87 88 

9 50th 95 96 98 100 102 103 104 57 58 59 80 61 61 62 
- 90th . 109 110 112 114 115 177 118 72 73 74 75 76 76 77 

95th 113 114 116 118 119 . 121 121 76 77 78 79 80 81 81 
99th 120 121 123 125 127 t28 129 84 85 86 87 88 88 89 

io 

10 50th 97 98 . 100 102 103 105 106 58 59 60 61 61 62 63 
90th. 111 -112 114 115 117 119 119 73 73 74 75 76 77 78 
95th . 115 116 117 

~ 
119 121 122 123 77 78 79 80 81 81 82 

99th 122 123 125 127 128 130 130 85 86 86 88 88 89 90 
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. - Systolic BP (mmHg) Diastolic BP (mmft Age 13P . 

(Year) Percentile F Percentile of Height -l, t- Percentile of HeigM -i, 

5tilt 10th 25th 50th 75th 90th Oft ft 10tFr 25th 60th 75th 90th 95th 

11 50th 99 100 102 104 105 . 107 107 59 59 60 61 62 63 63 
90th 113 114 115 117 119 120 121 74 74 75 76 77 78 78 
95th 117 .118 119 121 123 124 125 78 78 79 80 81 82 82 
99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90 

12 50th 101 102 f04 106 108 109 110 59 60 61 62 63 63 64 
90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79 
95th 119 -120 122 123 125 127 127 78 79 80 81 82 82 S3 
99th 126 127 129 131 133 134 135 86 87 88 89 90 90 91 

13 50[h 104 10.5 106 108 110 111 112 60 60 61 62 63 64 64 
90th . 117 118 120 122 124 125 126 75 75 76 77 78 79 79 
95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83 
99th . 128 130. 131 1',~3 135 136 137 87 87 88 89 90 91 91 

14 50th 106 107 109 111 113 114 115 60 61 62 63 64 65 65 
- 90th ,120 121 123 125 126 128 128 75 76 77 78 79 79 80 

- 95th 124 125 127 128 130 132 132 80 80 81 82 83 84 84 
. 99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92 

15 50th . . 109 110 112 113 115 117 117 . 61 62 63 64 65 66 66 
90th 122 124 .125 127 129 130 131 76 77 78 79 80 80 81 

~ ' 95th . 126 127 129 131 133 134 135 81 81 82 83 84 85 85 
99th 134 135 -136 138 140 142 142 88 89 90 91 92 93 93 

- 18 . Win l11 112 
~ 

114 116 118 119 120 63 63 64 65 86 87 67 
90th 125 126 128 130 131 133 134 78 78 79 80 81 82 82 

. 95th .129 130 132 134 135 137 137 82 83 83 84 85 86 87 
- 99th . 136 137 -139 141 143 144 145 90 90 

-_ - 

91 

_' 

92 

- 

93 94 94 

. 17 50th 114 115 116 118 120 121 122 65 66 66 67 - 68 69 70 
90th 127 128 130 132 134 135 136 80 80 81 82 83 84 84 

. . 95th 131 132 134 136 138 139 140 84 85 86 87 87 88 89 
. 99th 139 140 141 143 145 146 747 92 93 93 94 95 96 97 

BP, blood pressure 
" The 90th percentile is 728 SD, 95th percentile is 1,845 SD, and the 99th Percentile is 2.328 SD over the mean . For research purposes, 

the standard dsvintiqns in appendix table 8-1 allow one to compute BP Z-smres and percenties for boys with height percentiles given 

. in table 3 (i.e., the 5th, 10th, 251Y4 50th, 75th, 90th, and 95th perceritdes). These height percentiles must he com~erted to height 

. Z-9cores given by (3% =-1.645: 10% =-128; 25%=-0.EB; 50% = 0; 75% = 0.68; 90% =128; 95% ='1 .645) and then computed 

according to the methodology n steps 2-4 described n appendix &. For children with height percentiles other than these, follow steps 

1-4 asdescnbed in .appenda B. 
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Blood Pressure Levels foe Girls by Age and Height Percentile' 

Systolic BP (mmHg) Diastolic BP (mmHg) 
Age BP 
(Year) Percentile <- Percentile of Height 4 F Percentile of Height -> 

53h 1 .OSh 25th 50th . 75m 90th 95th 5u+ 10th 25m Both 75th 90th 95th 

50th ~83 84 85 86 88 89 90 38 39 39 40 41 41 42 

90th 97 97 . 98 100 101 102 703 52 53 53 54 55 55 56 
95th 100 .107 102 104 105 106 107 56 57 57 58 59 59 60 
99th 108 108 10.9 111 112 113 114 64 64 65 65 66 67 67 

2 50[h 85 . 85 87 88 89 91 91 43 44 44 45 46 46 47 

90[h ,98 99- 100 101 903 104 105 57 58 58 59 60 61 61 
95th 102 103 104 105 107 108 109 61 62 62 63 64 65 65 
99[h 709 110 111 712 114 115 116 69 69 70 70 71 

- 

72 72 

_ 3 50th 88 87 88 89 91 92 93 47 48 48 49 50 50 51 
94th . .100 100 102 703 104 106 106 61 62 62 63 64 64 65 
95th . . 104 104 105 107 108 109 910 85 66 66 67 68 68 69 
99th 111 111 113 114 115 176 117 73 73 74 74 75 76 78 

'4 50th - 88 .88 90 91 92 94 94 50 50 51 52 52 53 54 
90th 101- 102 10.3 104 106 107 108 84 64 65 66 67 67 68 
95th 1'0.5 106 107 108 110 111 112 68 68 69 70 71 71 72 
99th 112 113 114 115 117 118 119 76 76 76 77 78 79 79 

. 5 -5m 89 90 91 .93 94 85 96 52 53 53 54 55 55 56 
90th 103 103 105 106 107 109 109 66 67 67 68 69 69 70 

. 95th 107 . 107 108 110 111 112 113 70 71 71 72 73 73 74 
99th 114 114 116 117 118 120 120 78 78 79 79 80 81 81 

'. 6 50th 91 ¬32 93 94 96 97 98 54 54 55 56 56 57 58 
90th 104 105 106 108 109 110 111 68 68 69 70 70 71 72 
95th 108 109 110 111 113 114 115 72 72 73 74 74 75 76 

99th 115 116 117 119 120 121 122 80 80 80 81 82 83 83 

. 7 50th 93 83 95 96 97 . 99 99 55 56 56 57 58 58 59 
90th 106 . 107 108' 109 111 112 113 69 70 70 71 72 72 73 
95th 110 111 112 113 115 116 116 73 74 74 75 76 76 77 
99th 117 118 119 120 122 123 124 81 81 82 82 83 84 84 

8 50th 95 95 .96 98 99 100 101 57 57 57 58 59 60 60 
90th 108 109 110 111 713 114 114 71 71 71 72 73 74 74 

I. 95th 111 112 114 115 .118 118 118 75 75 75 76 77 78 78 
99th 119 120 121 '122 723 125 125 82 82 83 83 84 85 86 

' 9 50th 96 97 98 100 101 102 103 58 58 58 59 60 61 61 
90th 110 110 112 113 114 116 116 72 72 72 73 74 75 75 
95th - 114 174 115 117 118 119 120 76 76 76 77 78 79 79 
99th .121 121 123 124 125 - 127 127 83 83 84 84 85 86 87 

10 50th . . 98 ; 99 100 102 103 104 105 59 59 59 60 61 62 62 
. 90th 112 112 114 715 118 118 118 73 73 73 74 75 76 76 
95th 116 118 117 179 120 721 122 77 77 77 78 79 80 80 
99Th 123 123 125 126 127 129 129 84 84 85 86 86 87 88 
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Systolic BP (mmHg) Diastolic BP (mmHg) 

(Year) Percentile t- Percentile of Height -+ t- Percentile of Height ~ 

5n, 10th ssa, 50th 7sen son, 95th 5th loth 25th 60th 75th son, 95th 

11 5Qth 100 101 102 103 105 106 107 60 80 60 61 62 63 63 

90th- ~114 114 116 117 118 119 120 74 74 74 75 76 77 77 

95th 118 118 119 121 122 123 124 78 78 78 79 80 81 81 

99th 125 125~ 126 128 129 130 131 85 85 86 87 87 88 89 

12 50th , 102 .103 104 105 107 108 109 61 61 61 62 63 64 64 

90th 196 116 117 119 120 121 122 75 75 75 76 77 78 78 

. 95th 1.19 120 - 127 12$ 124 125 126 .79 79 79 80 81 82 82 

99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90 

13 50th 104 : 105 106 107 109 110 110 62 62 62 63 64 . 65 65 

90th 117 118 119 121 122 123 124 76 76 76 77 78 79 79 

95th 121 122 123 124 126 t27- 128 80 80 80 81 82 83 83 

99[h 128 129 130 132 133 134 135 87 87 88 89 89 90 91 

14 50th 106 106 107 109 110 111 112 63 63 63 64 65 66 66 

. 90th 119 120 121 122 124 125 125 77 77 77 78 79 80 80 

95th 123 123 125 126 -127 129 129 81 81 81 82 83 84 84 

, 99th : 130 131 132 138 135 136 136 88 88 89 90 90 
_..... . 

91 92 
.,. . . . ...._ . . 

15 50[h 107 108 109 110 111 

~ 

113 1"13 64 64 64 65 66 67 67 

90[h 120 . . 121 .122 . 123 . 125 126 ~127 78 78 78 79 80 81 Bi 

95th 124 125 126 127 129 130 131 82 82 82 83 84 85 85 

99th 131 132 133 134 136 . 137 138 89 89 90 

^ 

91 91 92 93 

16 50th 108 108 110 111 112 114 114 64 64 65 66 66 67 68 

. . 90th _ . 90th T21 . 122 123 124 126 127 128 78 78 79 80 81 81 82 
. 125' 126 127 128 130 131 . 132 82 82 83 84 85 85 86 

99th .132. 133 134 135 137 138 139 90 90 90 91 92 93 93 

17 50[h 108 109 110 111 ~113. 114 115 64 .65 65 66 67 67 68 
90th 122 .722 123 125 126 127 . 128 78 79 79 80 81 81 82 

95th 125 126 127 129 130 131 132 82 83 83 84 85 85 86 

99th ~133 . 133 134 136 137 138 139 90 90 91 91 92 93 93 

BP blood pressure 

' The 90tti percentile is .1 .28 SD. 95th percentile i81 .645 So, and the 99th percentile-is 2.326 SD over the mean . For research purposes, 

the staridard deviations n appendix table B-1 allow me to compute BP Z-scwres and percentiles for girls with height percentiles given m 

table 4 (i.e., the 5th, 16th, 25th. 50th, 75th, 90Th, aid 95th percentiles). These height percentiles must be converted to height Z-scores 

given by (5% _ -1 .645 ; 10% =-128; 25% =-0.88; 5096 =0; 75% = O.B& 90% =1.28; 95% =1 .645) and then computed according to 

the methodology in steps 2-4 described in appendix B. For children with height percentiles other then these, follm steps 1-4 as 

described in appendix B. . . . . 

i 
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Classification of Hypertension in Children and Adolescents, 
With Measurement Frequency and Therapy Recommendations 

Normal <90th Recheck at next Encourage healthy -
scheduled physical diet, sleep, and 
examination. physical activity. 

Prehypectension 

Stage 1 
hypertension 

Stage 2 
hypertension 

90th to <9Sxh . 
or if BP exceeds 
120/&0 mmHg -
even if below 90th 
percentile up to 
<95th percentilet 

95th percentile to 
the 99th percentile 
plus § nunHg 

>99th percentile 
plus 5 mmHg 

Recheck in 6 
months. 

Recheck in 1-2 
weeks or sooner 
if the patient is 
symptomatic; 
if per siuendy 
elevated on two 
additional occa-
sions, evaluate 
or refer to source 
of care within 
1 month. 

Evaluate or refer 
to source of care 
within 1 week 
or immediately 
if the patient is 
symptomatic. 

Weight-manage-
ment counseling 
if overweight, 
introduce physical 
activity and diet 
nianagementt 

Weight-manage-
ment counseling 
if overweight, 
introduce physical 
activity and diet 
management J 

Weigho-manage-
ment counseling 
if overweight, 
introduce physical 
activity and diet 
management.$ 

None unless 
compelling 
indications such 
as CKD, diabetes 
mellitus, heart fail-
ure, or LVH exist 

Initiate therapy 
based on indica-
tions in Table 6 
or if compelling 
indications as 
above. 

Initiate therapy.$ 

BF blood pressure; Ctm, chronic kidney dis8ase; DBP, diastolic blood Pressura, WK left ventricular hypertrophy, SBP 

systolic blood preSSUM 

* For sec, age, and height measured on al iea4t three separate occasions; H systolic and diastolic categories am different, 

categorize by the higher value. . 

r'Ihis occurs typically at 12 Years old for SBP and at 18 years old for DBF . 

t Parents and children trying to modify the eafag plan to the Dietary Approaches to Stop Hypertension PAS" Wing plan 

could henafR from consul[ation with a registered or licensed nutritionist to get them started . 

a More than one drug may be required . 

Indications for Antihypertensive Drug 
Therapy in Children 
a Symptomatic hypertension 
a Secondary hypertension 
a Hypartensive target-organ damage 
. Diabetes (types 1 and 2) 
m Persistent *hypertension despite 
nonpharmacologic measures 
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Clinical Evaluation of Confirmed Hypertension 

-Evaluation for identifiable causes 
. History, including sleep history, family his- History and physical examination help All children with persistent BP ~Sch 
mry, ask factors, diet, and habits such as focus subsequent evaluation . percentile 
smoking and drinking alcohol; physical 
examination 
-------- 
BUN, creatinine, electrolytes, urinalysis, R/O renal discase and chronic pyelonepfuitis 

-._.-'--------------..._.. . ..._ .. . .._.. 
All children with persistent BP 295th 

and urine culture percentile 
CBC , 

RJO 
anamia, consistent with chronic renal All children with persistent BP ?95th __ 

. . . . . disease Percentile 
Renal U/S R/O renal scar, congenital anomaly, or All children with persistent BP _95th 

disparate renad size percentile 

Evaluation for comorbid'dy . . 
. Fasting lipid panel, fasting glucose Identify.hyperfipidemia, identify metabolic Overweight patients with BP at 90th-94th 

, abnormalides percentile; all patients with BP 295th 
percentile. Family history of hypertension 

- or cardiovascular disease. Child with 
chronic renal disease 

Drug screeu . . . . . . . . . Identify substances that might cause History suggestive of possible contribution 
hypertension .by substances or drugs 

Polysomnography Identify sleep disorder in association with History of loud, frequent snoring 
hypertension 

Evaluation fortarget-organ, damage 

Echocardiogram . ', . Identify LYH and other indications of 
- 

Patients with comorbid risk fattnrs` and BP 
. . cardiac involvement . 90th-94th percentile ; all patients with BP 

- ?95th percentile 
. - Retinal exam . Identify retinal vascular changes Patients with comorbid risk factors' and BP . 

. - 90nh--94th percentile ; all patients with BP 
. . . . 295th percentile 

Further evaluation as indicated . 

Ambulatory BP monitoring Identify white-coat hypertension, Patients in whom white-coat hypertension is 
abnormal diurnal BP pattern, BP load suspected, and when other information on 

. . ' BP pattern is needed 
Plasma renin determine don ' Identify low renin, suggesting minerafo- Young children with Stage 1 hypertension 

. . . . . . : . corticoid-related disease and any child or adolescent with Stage 2 
. hypertension 

Positive family history of severe hypertension 
Renovascular iinaging " Identify renovasculai disease Young children with Stage 1 hypertension 
" Isotopic scuttigraphy (renal scan) and any child or adolescent with Stage 2 
" Magnetic resonance angiograPhY . . hypertension 
" Duplex Doppler flaw studies 
" 3-Dimensional Cr 

. " Arteriography: DSA or classic 
Plasma and urine steroid levels identify stemid-madiated hypertension Young children with Stage 1 hypertension 

and any child or adolescent with Stage 2 
hypertension 

Plasma and urine catecholamines War* catecholamine-mediaml hypertension Young children with Stage 1 hypertension 
. . . . . . . . . . . and any child or adolescent with Stage 2 

hypertension 

BP, blood pressure; BUN,, blood urea nitrogen; CSC, complete blood count; Cl; computerized tomography; DSA, dgttal subtraction angiography; 
. . LVH, left venfiwlar hypertrophy . R[O, rule out; LVS, ultrasound 

` Comorbid risk factors also include diabetes. meIIRus'and ldt7nay disease . . 
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Primary Hypertension 
and Evaluation for Comorbidities 

s Primary hypertension is identifiable in children and adolescents. 
. Both hypertension and prehypertension have become a significant health issue 

in the young due to the strong association of high BP with overweight and the 
marked increase in the prevalence of overweight children . 

+. The evaluation o f hyperterrsive children should include assessment for additional 
risk factors. 

. Due to an. association of sleep apnea with overweight and high BP, a sleep history 
should be obtained. 

" 

High BP in childhood had been considered 
a risk factor for.hypercension in early adult-
hood . However; primary (essential) 
hypertension is now identifiable in children 
and adolescents . Primary hypertension in 
childhood is usually characterized,by mild 
or Stage 1 hypertension and is often associ-
ated with a positive family history of 
hypertension or cardiovascular disease (CVD). 
Children and adolescents with primary hyper-
tension are frequently overweight. Data on 
healthy adolescents obtained in school health-
screening programs demonstrate that the 
prevalence of hypertension increases progres-
sively with increasing body mass index.(BMI), 
and hypertension is detectable in approxi-
mately 30 percent of overweight children . 
(BMI >95th percentile).z6 The strong associa-
tion of high $P with obesity and the marked 
increase in the prevalence of childhood abe-
sityz7 indicate that both hypertension and 
prehypertension are becoming a significant 
health issue in the young . Overweight children 
frequently have some degree of insulin resist-
ance-a prediabetic condition . Overweight 
and high BP are also components of the 
insulin-resistance syndrome or metabolic syn-
drome, a condition of multiple metabolic risk 
factors for CVD as well as for type 2 
diaberss.=9 The clustering of other CVD 
risk factors that are included in the insulin-
resistance syndrome (high trig(ycerides, low 

high-density lipoprotein cholesterol [HDL-C], 
truncal obesity, hyperinsulinemia) is signifi-
cantly greater among children with high BP 
than in children with normal BP 3o Recent 
reports from studies that examined childhood 
data estimate that the insulin-resistance syn-
drome is present in 30 percent of overweight 
children with BMI greater than the 95th 
percentile?1 Historically, hypertension in 
childhood was considered a simple inde-
pendent risk factor for CVD, but its link to 
the other risk factors in the insulin-resistance 
syndrome indicates that a broader approach 
is more appropriate in affected children . 

Primary hypertension often clusters with other 
risk factors.31~33 Therefore, the medical his-
tory, physical examination, and laboratory 
evaluation of hypertensive children and ado-
lescents should include a comprehensive 
assessment for additional cardiovascular risk. 
These risk factors, in addition w high BP and 
overweight, include low plasma HDL-C, 
elevated plasma triglycende, and abnormal 
glucose tolerance . Fasting plasma insulin 
concentration is generally elevated, but an ele-
vated insulin concentration may be reflective 
only of obesity and is not diagnostic of the 
insulin-resistance syndrome. To identify other 
cardiovascular risk factors, a fasting lipid 
panel and fasting glucose level should be 
obtained in children who are overweight and 
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have BP between the 90th and 94th percentile 
and in all children with BP greater than the 
95th percentile. If there is a strong family his-
tory of type 2 diabetes, a hemoglobin Alc or 
glucose tolerance test may also be considered . 
These metabolic risk factors should be 
repeated periodically to detect changes in the 
level of cardiovascular risk over rime: Fewer 
data are available on the utility of other tests 
in children (e.g., plasma uric acid, or homo-
cysteine and lp(a) levels), and the use of these 
measures should depend . on family history. 

Sleep disorders, including sleep apnea, are 
associated with hypertension, coronary artery 
disease, heart failure, and stroke in adults 33,34 
Although limited data are available, they sug-
gest an association of sleep-disordered 
breathing and higher BP izi children .35.36 

Approximately 15 percent of children snore, . 
and at least 1-3 percent have sleep-disordered 
breathing.35 Because of the associations with 
hypertension and the frequency of occurrence 
of sleep disorders, particularly among. . 
overweight children, a history of sleeping 
patterns should be obtained in a child with 
hypertension . One practical strategy for , 

identifying children with a sleep problem or 
sleep disorder is to obtain a brief sleep history, 
using an instrument called BFARS.37(rabk 1 .1) 
BEARS addresses five major sleep domains 
that provide a simple but comprehensive 
screen for the major sleep disorders affecting 
children ages 2-18 . The components of 
BEARS include : Bedtime problems, Excessive 
daytime sleepiness, Awakenings during the 
night, Regularity and duration of sleep, and 
Sleep-disordered breathing (snoring) . Each 
of these domains has an age-appropriate 
trigger question and includes responses of 
both parent and child, as appropriate. This 
brief screening for sleep history can be com-
pleted in about 5 minutes . 

In a child with primary hypertension, the pres-
ence of any comorbidiry that is associated with 
hypertension carries the potential to increase 
the risk for GVD and can have an adverse 
effect on health outcome . Consideration of 
these associated risk factors and appropriate 
evaluation in those children in whom the 
hypertension is verified are important in plan-
ning and implementing therapies that reduce 
the comorbidiry risk as well as control BE 
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Evaluation for Secondary Hypertension 

4 Secondary hypertension is more common fn children than in adults. 
" Because overweight is strongly linked to bypertension, BMI should be calculated 
as part of the physical examination. 

. Once hypertension is confirmed, ec, BP should be measured in both arms and fn a leg. 

. Very young children, children with Stage 2 hypertension, and children or adolescents 
urith clinical signs thatsuggest systemic conditions associated with hypertension 
should be evaluated more completely than in those with Stage 1 hypertension . 

Secondary hypertension is more common in 
children than in adults. The possibility that 
some underlying disorder may be the cause of 
the hypertension should be considered in 
every child or adolescent who has elevated BE 
However, the extent of an evaluation for 
detection of a possible underlying cause. 
should be individualized for each child. Very 
young children, children with Stage 2 hyper-
tension, and children or adolescents with 
clinical signs that suggest the presence of sys-
temic conditions associated with hypertension 
should be evaluated more extensively as com-
pared to those with Stage i hypertension.38 
Present technologies may facilitate less inva-
sive evaluation than in the past, although 
experience in using newer modalities with 
children is still limited . 

A thorough history and physical examination 
are the first steps in the evaluation of any 
child with persistently elevated BP. Elicited 
information should aim to identify not only 
signs and symptoms, due to high BP but also 
clinical findings that might uncover an under-
lying systemic disorder.. Thus, it is important 
to seek signs and symptoms suggesting renal 
disease (gross hematuria, edema, fatigue), 
heart disease (chest pain, exertional dyspnea, 
palpitations) ; and diseases of other organ sys-
tems (e,g., endocrinologic, rheumatologic) . 
Past medical history should elicit information 
to focus the subsequent evaluation and to 

uncover definable causes of hypertension . 
Questions should be asked about prior hospi-
talizations, trauma, urinary tract infections, 
snoring and other sleep problems . Questions 
should address family history of hypertension, 
diabetes, obesity, sleep apnea, renal disease, 
other CVD (hyperlipidemia, stroke), and 
familial endocrinopathies . Many drugs can 
increase BP, so it is important to inquire 
directly about use of over-the-counter, pre-
scription, and illicit drugs . Equally important 
are specific questions atmed at identifying the 
use of nutritional supplements, especially 
preparations aimed at enhancing athletic per-
formance . 

PHYSICAL EXAMINATION 

The child's height, weight, and percentiles for 
age should be determined at the start of the 
physical examination. Because obesity is 
strongly linked to hypertension, BMI should 
be calculated from the height and weight, and 
the BMI percentile should be calculated . Poor 
growth may indicate an underlying chronic 
illness. When hypertension is confirmed, BP 
should be measured in both arms and in a leg . 
Normally, BP is 10-20 nunHg higher in the 
legs than the arms. If the leg BP is lower than 
the arm BP, or if femoral pulses are weak 
or absent, coarctation of the aorta may be 
present. Obesity alone is an insufficient expla-
nation for diminished femoral pulses in the 
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presence of high BP The remainder of the 
physical examination should pursue clues 
found on history and should focus on findings 
that may indicate the cause and severity of 
hypertension . Table 8 lists important physical 
exam findings in hypertensive children .3s 

The physical examination in hypertensive 
children is frequently normal except for the 
BP elevation . The extent of the laboratory 
evaluation is based on the child's,age, history, 
physical examination findings, and, level .of BP 
elevation . The majority of children with . 
secondary hypertension will have renal or 
renovasculai causes for the BP elevation . 
Therefore, screening tests are designed to have 
a high likelihood of detecting children and 
adolescents who are, so affected . These tests 
are easily obtained in most primary care 
offices and community hospitals. Additional 
evaluation must be tailored to the specific 
child and situation . The risk factors, or 
comorbid conditions, associated with primary 
hypertension should be included in the evalu-
arian of hypertension in . all children, as well 
as efforts to deteriuiiie any evidence of target= 
organ damage . 

ADDITIONAL DIAGNOSTtC 
STUDIES FOR 

Additional diagnostic studies may be appro-
priate in the evaluation of hypertension in a 
child or adolescent, particularly i£ there is a 
high degree of suspicion that an underlying 
disorder is present : Such procedures are listed 
in table 7. ABPM, discussed previously, has 
application in evaluating both primary and 
secondary hypertension. ABPM is also used 
to detect white-coat hypertension. 

RENIN PROFILING 

Plasma renin level or plasma renin activity 
(PRA) is a useful screening test for mineralo-
corticoid-related diseases. With these 
disorders, the PRA is very low or unmeasur-
able by the laboratory and may be associated 
with relative hypokalemia . PRA levels are 
higher m patients who have renal artery . 
stenosis. However, approximately 15 percent 

of children with arteriographically evident 
renal artery stenosis have normal PRA 
values.40-+z Assays for direct measurement 
of reiiiii, a different technique than PRA, are 
commonly used, although extensive norma-
tive data in children and adolescents are 
unavailable. 

EVALUATION FOR POSSIBLE 
RECVOVASCiJLAFt 
HYPERTENSION 

Renovascular hypertension is a consequence 
of an arterial lesion or lesions impeding blood 
flow m one or both kidneys or to one or 
more intrarenal segments.43~44 Affected chil-
dren usually, but not invariably, have 
markedly elevated BE4~~44 Evaluation for ren-
ovascular disease also should be considered in 
infants or children with other known predis-
posing factors, such as prior umbilical artery 
catheter placements or neurofibromatosis .44"as 
A number of newer diagnostic techniques are 
presently available for evaluation of renovas-
cular disease, but experience in their use in 
pediatric patients is limited . Consequently, the 
recommended approaches generally use older 
techniques, such as standard intra-arterial 
angiography, digital-subtraction angiography 
(DSA), and scintigraphy (with or without 
angiotensin-converting enzyme [ACE] inhibi-
aon)?< As technologies evolve, children 
should be referred for imaging studies to cen-
ters that have expertise in the radiological 
evaluation of childhood hypertension. 

INVASIVE STUDIES 

Intra-arterial DSA with contrast is used more 
frequently than standard angiography, but, 
because of intra-arterial injection, this method 
remains invasive . DSA also can be accom-
plished by using a rapid injection of contrast 
into a peripheral vein, but quality of views 
and the size of pediatric veins make this tech-
nique useful only for older children. DSA and 
formal arteriography are still considered the 
"gold standard," but these studies should be 
undertaken only when surgical or invasive 
interventional radiologic techniques are being 
contemplated for anatomic correction.as 
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7 Examples of Physical Examination Findings Suggestive of Definable Hypertension* 

Viral signs Tachycardia Hyperthyroidism, pheochromocytoma, 

Maternity Pulses; 
drop in BP front upper 
to lower extremities 

aorta 

Eyes Retinal changes Severe hypertension, more likely to be associated 
with secondary hypertension 

Ear, nose, and throat Adenotonsillar Suggests association with sleep-disordered 
(ENT) hypertrophy breathing (sleep apnea), snoring 

- 

Chest 

Friction rub Systemic lupus erythematosus (pericarditis), 
collagen-vascular disease, end stage renal disease 
with uremia 

Apical heave Left ventricular hypertrophy/chronic hypertension 

Abdomen 

Palpable kidneys Polycystic kidney disease, hydronephrasis, mulri-
cysticdysplastic kidney, mass (see above) 

Genitalia Ambiguaus/virilizatioa Adrenal hyperplasia 

Extremities joint swelling Systemic lupus erytliemacosus, collagen vascular 
disease 

Muscle weakness Hyperaldosceronism, Liddle syndrome 

, , BMI, body mass indmy BF blood peessurg 
' Adapted from Flynn, Jr. Evaluation and management of hypertension in childhood . Plrog PZaah C'.aidlo12001 ;12:177-88. 
r Findings listed are mcamples of physical findings and do not 2pmserR all possible physical findings. 
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Newer imaging techniques may be. used in 
children with vascular lesions. Magnetic 
resonance angiography (IvIRA) is increasingly 
feasible for the evaluation of pediatric 
renovasculai disease, but it is still best for 
detecting abnormalities in the main renal 
artery and its primary branches .^7-49 Imaging 
with magnetic resonance requires that the 
patient be relatively immobile for extended 

periods-a significant difficulty for small chil-
dren. At present, studies are needed to assess 
the effectiveness of NM in the diagnosis of 
children with renovascular disease . Newer 
methods, including 3-dimensional (3-D) 
Yeconstrucdons of computerized tomography 
(CI') images, or spiral CI' with contrast, 
appear promising in evaluating children who 
may have renovascular disease.so 
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Target-Organ Abnormalities 
in Childhood Hypertension 

. Target-organ abnormalities are commonly associated with hypertension in children 
and adolescents. 

m Left ventricular byperCropFry (LVH) is the most prominent evidence of target-organ 
damage. 

. Pediatric patients with established hypertension should have echocardfographic 
assessment of deft ventricular mass at diagnosis and periodically thereafter. 

m The presence of LVH is an indication to initiate or intensify antibypertensive 
therapy. 

i 

Hypertension is associated with increased risk 
of myocardial infarction, stroke, and cardio-
vascular mortality in adults,?~fi and tteatment . 
of elevated BP results in a reduction in the 
risk for cardiovascular events . 

Children and adolescents with severe elevation 
of BP are also at increased risk of adverse out-
comes, including hypertensive encephalopathy, 
seizures, and even cerebrovascular accidents 
and congestive heart Failure.52J3 Even hyper-
tension'thatis less severe contributes to 
target-organ damage when it occurs with 
other chronic conditions, such as chronic 
kidney disease .s4-56 Two autopsy studies,s7,sa 
that evaluated tissue from adolescents and 
young adults who had sudden deaths due to 
trauma, demonstrated significant relationships 
between the level of BP, or hypertension, and 
the presence of atherosclerotic lesions in the 
aorta and. coronary arteries. The exact level 
and duration of BP elevation that causes 
target-organ damage in the young has not 
been established . 

One difficulty in the assessment of these 
relationships is that, until recently, few non-
invasive methods could evaluate the effect of 
hypertension on the cardiovascular system . 
Noninvasive techniques that use ultrasound 
can demonstrate structural and functional 
changes in the vasculature related to BE 

Recent clinical studies using these techniques 
demonstrate that childhood levels of BP are 
associated with carotid inumal-medial thick-
ness59 and large artery complianceso in young 
adults . Even healthy adolescents with clus-
tering of cardiovascular risk factors 
demonstrate elevated carotid thickness,61,62 
and those with BP levels at the higher end of 
the normal distribution show decreased 
brachial artery flow-mediated vasodilatation. 
Overall, evidence is increasing that even mild 
BP elevation can have an adverse effect on 
vascular structure and function63 in asympto-
maac young persons. 

LVH is the most prominent clinical evidence of 
target-organ damage caused by hypertension 
in children and adolescents. With the use of 
echocardiography to measure left ventricular 
mass, LUfi has been reported in 34-38 per-
cent of children and adolescents with mild, 
untreated BP elevation.6"6 Daniels et al. eval-
uated 130 children and adolescents with 
persistent BP elevation .s7 They reported that 
55 percent of patients had a left ventricular 
mass index greater than the 90th percentile, 
and 14 percent had left ventricular mass index 
above 51 glml , a value in adults with hyper-
tension that has been associated with a 
fourfold greater risk of adverse cardiovascular 
outcomes. When left ventricular geometry 
was examined in hypertensive children, 
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17 percent had concentric hypertrophy, a pat-
tern that is associated with higher risk for 
cardiovascular outcomes in adults; and 
30 percent had eccentric hypertrophy, which 
is associated with intermediate risk for cardio-
vascular outcomes.6 

In addition, abnormalities of the retinal vas-
culature have been reported in adults with 
hypertension .b$ Few studies of retinal abnor-
malities have been conducted in children with 
hypertension . Skalina et al . evaluated new-
barns with hypertension69 and reported the 
presence of hypertensive retinal abnormalities 
in approximately 50 percent of their patients. 
On repeat examination, after the resolution of 
hypertension, these abnormalities had disap-
peared. 

CLINICAL RECOM.MENoATI .ON 

Echocardiography is recommended as a 
primary tool for evaluating patients fox target-
organ abnormalities by assessing the presence 
or absence of LUFI. Left ventricular mass is 
determined from standard echocardiographic 
measurements of the left ventricular end-dias-
tolic dimension (LVED), the intraventricular 
septal thickness (IV5), and the thickness of the-
left ventricular posterior wall (LUPW) and can 
be calculated as : LU Mass (g) = 0.80 [1.04 
(NS + . LVED + LVPW)3 - (LUED)3] + 0.6 
(with echocardiographic measurements in cen-
timeters) . From these measures, the left 
ventricular mass can be calculated by using 
the equation of Devereux et al.7o when meas-
urements are made according to the criteria of 
the American Society of Echbcudiography.7l 

Heart size is closely associated with body 
size-72 Left ventricular mass index is calcu-
lated to standardize measurements of left 
ventricular mass. Several methods far 
indexing left ventricular mass have been 
reported, but it is recommended that height 

(m2 7) be used to index left ventricular mass, 
as described by de Simone et a1 .73 This 
method accounts for close to the equivalent of 
the effect of lean body mass and excludes the 
effect of obesity and BP elevation on left ven-
tricular mass. Some echo laboratories use 
height as the indexing variable. This calcula-
tion is also acceptable and is somewhat easier 
to use, as fewer calculations are needed . 

Children and adolescents with established 
hypextension should have an echocardiogram 
to determine if LUH is present. A conserva-
tive cutpoint that determines the presence of 
LUH is 51 g/m2 7 . This cutpoint is above the 
99th percentile for children and adolescents 
and is associated with increased morbidity in 
adults with hypertension.7; Other references 
exist for normal children,74 but, unlike adults, 
outcome-based standards for left ventricular 
mass index are not available for children . In 
interpreting the left ventricular mass index, it 
should be remembered that some factors, such 
as obesity and hypertension, have pathologic 
effects on the heart, whereas others-such as 
physical activity, particularly in highly condi-
tioned athletes-may be adaptive. 

Ascertainment of left ventricular mass index 
is very helpful in clinical decisionmaking. 
The presence of LVfi can be an indication for 
initiating or intensifying pharmacologic 
therapy to lower BP For patients who have 
LUH, the echocardiographic determination of 
left ventricular mass index should be repeated 
periodically. 

At the present time, additional testing for other 
target-organ abnormalities (such as determina-
tion of carotid intimal-medial thickness and 
evaluation of urine for microalbiiminuria) is 
not recommended for routine clinical use . 
Further research will be needed to evaluate the 
clinical utility of these tests . 
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Therapeutic 
Lifestyle Changes 

Weight reduction is the primary therapy for obesity-related hypertension. 
Prevention of excess or abnormal weight gain will limit future increases fn BP, 

" Regular physical activity and restriction of sedentary activity will improve efforts 
at weight management and may prevent an excess increase in BP over tame . 

. Dietary modification should be strongly encouraged in children and adolescents who 
have BP levels in the prehypertensive range as well as in those with hypertension . 

s Family-based intervention improves success. 

\J 

40 

Evidence is limited that supports the efficacy 
of nonpharinacological interventions for BP 
reduction in the,treatment of hypertension in 
children and adolescents. Data that demon-
strate a relationship of lifestyle with BP can be 
used as the basis for recommendations. on 
the basis of large randomized controlled trials, 
the following lifestyle modifications are rec-
ommended in adislts :z weight reduction in 
overweight or obese individuals; 75 increased 
intake of fresh vegetables, fruits, and-lowfat . 
dairy (the Dietary Approaches to Stop 
Hypertension Study [DASH] eating plan)?6 
dietary sodium reduckioq; b~n increased phys-
ical acdvity;78 and moderation of alcohol 
consumption.7g Smoking cessation has signifi-
cant cardiovascular benefiu .32 As information 
on chronic steep problems evolves, interven-
tions to improve sleep quality may also have a 
beneficial effect on BP$o 

The potential far control of BP in children 
through weight reduction is supported by BP 
tracking and weight-reduction studies . BP 
levels track from childhood through adoles-
cence and into aduldloodgl-83 in association 
With weight .84,85 Because of the strong corre-
lation between weight and BR, excessive 
weight gain is likely to be associated with ele-
vated BP -overtime. Therefore, maintenance 
of normal weight gain in childhood should 
lead to less hypertension in adulthood . 

Weight loss in overweight adolescents is asso-
ciated with a decrease m BE3o,ss-vo Weight 
control not only decreases BP, it also 
decreases BP sensitivity to salt8$ and decreases 
other cardiovascular risk factors, such as dys-
lipidemia and insulin resistance.32 In studies 
that achieve a reduction in BMI of about 
10 percent, short-tam reductions in BP were 
in the range of 8-12 mmHg. Although diffi-
cult, weight loss, if successful, is extremely 
effective .3a,si_sa Identifying a complication of 
overweight, such as hypertension, can be a 
helpful motivator for patients and families to 
make changes . Weight control can render 
pharmacological treatment unnecessary but 
should not delay drug use when indicated. 

Emphasis on the management of complica-
tions rather than on overweight shifts the aim 
of weight management from an aesthetic to a 
health goal . In motivated families, education 
or simple behavior modification can be suc-
cessful in achieving moderate weight loss or 
preventing further weight gain . Steps can be 
implemented in the primary care setting even 
with limited staff and tune resources .3zs1 The 
patient should be encouraged to self-monitor 
time spent in sedentary activity, including 
watching television and playing video or com-
puter games, and to set goals to progressively 
decrease these activities to less than 2 hours 
per day.94 The family and patient should 
identify physical activities that the child enjoys, 
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engage in them regularly, and self-monitor time 
spent in physical activities (30-60 minutes per 
day should be achieved).94-% Dietary changes -
can involve portion-size control, decrease in 
consumption of sugar-containing beverages and 
energy-dense snacks ; increase in consumption 
of fresh fruits and vegetables, and regular 
meals including a healthy breakfasr.32~91,93,9798 
Consultation with a nutritionist can be useful 
and provide customized recommendations. 
During regular office visits; the primary care 
provider can supervise the child's progress in 
self-morritoring and accomplishing goals and 
can provide support and positive feedback to 
the family. Some patients will benefit from a . 
more intense and cotnprehcnsfve approach to 
weight management from a multidisciplinary 
and specialized team if avaitable .sl-93 

Despite the lack of firm evidence. about 
dietary intervention in children, it is generally 
accepted that hypertensive individuals can 
benefit from a dietary increase in fresh vegeta-
bles, fresh fruits, fiber, and nonfat dairy, as 
well as a reduction of sodium. Despite some 
suggestion that calcium supplements may 
decrease BP in chiidren,9s,ioo so far the evi-
dence is too limited to support a clinical 
recommendation.i01 Lower BP has been asso-
ciated in children and adolescents with an 
increased intake of potassium,loaioa magne-
Siurn,ioo,ioi folic acid,1oi "i~ unsaturated 
fat,ioo,ios,ios and fibej;100,101,104 and lower 
dietary intake of total fat.loo,ioi However, 
these associations are small and insufficient to 
support dietary recommendations for specific, 
individual nutrients: 

Sodium reduction in children and adolescents 
has been associated with small reductions in 
BR, in the range of 1-3 inunHg.ioi,ioa,io7aio 
Data from one randomized trial suggest that 
sodium intake in infancy may affect BP in 
adolescence." l Similarly, some evidence indi-
cates that breastEeediug may be associated 
with lower BP in childhood .112,113 The current 
recommendation for adequate daily sodium 
intake is only 1.2 g1day for 4- to 8-year-old 
children and 1 .5 g/day for older children.114 

Since this amount of sodium is substantially 
lower than current dietary intakes, lowering 
dietary sodium from the current usual intake 
may have future benefit. Reduced sodium 
intake, with calorie restriction, may account 
far some of the BP improvement associated 
with weight loss . 

Regular physical activity has cardiovascular 
benefits . A recent meta-analysis that com-
bined 12 randomized trials, for a total of 
1,266 children and adolescents, concluded 
that physical activity leads to a small, but not 
statistically significant, decrease in BPIIs 
However, both regular physical activity and 
decreasing sedentary activity-such as 
watching television and playing video or elec-
tronic games-are important components of 
pediatric obesity treatment and preven-
CIOR.3Z .91-93 Weight -reduction trials 
consistently report better results when phys-
ical activity and/or prevention of sedentary 
activity are included in the treatment pro-
tocol. Therefore, regular aerobic physical 
activity (30--60 minutes of moderate physical 
activity on most days.) and limitation of 
sedentary activities to less than 2 hours per 
day are recommended for the prevention of 
obesity, hypertension, and other cardiovas-
cular risk factors.9<-96 With the exception of 
power lifting, resistance training is also 
helpful. Competitive sports participation 
should be limited only in the presence of 
uncontrolled Stage 2 hypertension.lls 

The scope of hypertension as a public health 
problem in adults is substantial. Poor health-
related behaviors such as physical inactivity; 
unfavorable dietary patterns, and excessive 
weight gain raise the risk for future hyperten-
sion . The therapeutic lifestyle changes 
discussed above may have benefit for all chii-
dren in prevention of future disease, including 
primary hypertension . Accordingly, appro-
priate health recommendations for all children 
and adolescents are regular physical activity-, a 
diet with limited sodium but rich in fresh 
fruits, fresh vegetables, fiber, and lowfat dairy ; 
and avoiding excess weight gain. 
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Pharmacologic Therapy 
of Childhood Hypertension 

. Indications for antihypertensive drug therapy in children include secondary 
hypertension and insufficient response to lifestyle modifications. 

r Recent clinical trials have expanded the number of drugs that have pediatric dosing 
information. Dosing . recommendations for marry of the newer drugs are provided. 

" Pharnaacotogic therapy, when indicated, should be initiated with a single drug. 
Acceptable drug classes for use in children include ACE inhibitors, angiotensin-
receptor blockers, beta-blockers; calcium channel blockers, and diuretics. 

. The goal for antihypertensive treatment in children should be reduction of BP 
to <95tb percentile, unless concurrent conditions are present. In that case, 
BP should be lowered to <90tb percentile. 

= Severe, symptomatic hypertension should be treated with intravenous 
arztfhyperteszsive drugs. 

In adults, hypertension is typically a lifelong 
condition . Most hypestensive patients will 
need to remain on medications for the rest of 
their lives . Usually, adults readily accept this 
fact, given the known long-term adverse con-
sequences of untreated or undertreated 
hypettension.ll7 In children, however, the 
long-term consequences of untreated hyperten-
sion are unknown. Additionally, no data are 
available on the long-term effects of antihyper-
tensive drugs on growth and development . 
Therefore, a definite indication for initiating 
phacmacologic therapy should be ascertained 
before a drug is prescribed . . 

Table 6 summarizes the indications for use of 
antihypertensive drugs in children. These 
indications include symptomatic hypertension, 
secondary hypertension, established liyperten-
sive target-organ damage, and failure of 
nonpharmaeologic measures . Other indica-
tions for use of antihypertensive drugs can be 
considered, depending, on the clinical situa-
uon. For example, because the presence of 
multiple cardiovascular risk factors (elevated 
BP, dyslipidemia, tobacco use, etc.) increases 
cardiovascularrisk in an eacponential .rather 

than additive fashion,1l8.ii9 antihypertensive 
therapy could be considered if the child or 
adolescent is known to have dyslipidemia . 

The number of antihypertensive drugs has 
increased since the publication of the Report 
of the Task Force on Blood Pressure Control 
in Claildren.i2o The number of drugs that 
have been studied systematically in children 
has also increased, largely because of incen-
tives provided to the pharmaceutical industry 
under the auspices of the 1997 Food and 
Drug Administration Modernization Act 
(FDAMA) and the 2002 Best Pharmaceuticals 
for Children Act (BPCA).in-123 These devel-
opments have had both negative and positive 
consequences. Chief among the negative con-
sequences is the lack of reliable pediatric data 
for older, commonly used compounds with 
expired patent protection. Currently, no 
incentives exist for industry-sponsored trials 
of such drugs, and alternative methods of 
stimulating pediatric studies, such as those 
contained in the BPCA,izs-125 have yet to 
come to fruition . On the other hand, publica-
tion of the results of industry-sponsored 
clinical trials and single-center case series will 
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provide additional data that can be combined 
with prior recommendations based on expert 
opinion and collective clinical experience to 
guide the use of antihypenensive drugs in 
children and adolescents who require phuma-
cologic treatment. . 

Table 9 contains dosing recommendations for 
antihypertensive drugs in children 1-17 years . 
old . It should be noted that many other drugs 
are available in addition to those listed in table 
9. Those drugs are not included in the table; 
however, because few or no pediatric data were 
available at the time this report was prepared . 

Long-term, clinical endpoint data from ran-
domiaed trials, such as the Antihypertensive 
and Lipid-Lowering Treatment to Prevent 
Heart Attack Trial (tYLI,HAT), support the 
preferential use of specific antihypertensive 
drugs in adults?>>zs However; pediatric clin-
ical trials of antihypertensive drugs have 
focused only on their ability to lower BP and 
have not compared the effects of these drugs 
on clinical endpoints . Therefore, because all 
classes of antihygertensive drugs have been 
shown to lower BP in children, the choice of 
drug for initial antitrypertensive therapy 
resides in the preference of the responsible 
physician . Some diuretics and beta-adrenergic 
blockers, which were recommended as initial 
therapy in the first and second Task Force 
Reporrs,zs"izo have a long history of safety 
and efficacy based on clinical experience in 
hypertensive children, and these drugs remain 
appropriate for pediatric use. Similarly, some 
members of the newer .classes of antihyperten-
sive drugs, including ACE, inhibitors, calcium 
channel blockers, and angiotensin-receptor 
blockers,lz7-130 have been.studied in children 
and, based on shoraterm use; shown to be 
safe and well-tolerated with satisfactory BP 
reductions in hypertensive children . 

Specific classes of antihypertensive drugs 
should be used preferentially in certain hyper-
tensive children with specific underlying or 
concurrent medical conditions . Examples 
include the use of ACE inhibitors or 
angiotensin-receptor blockers in children with 
diabetes and microalbuminuria or proteinuric 
renal diseases, and the use of beta-adrenergic 

biockers or calcium channel blockers in hyper-
trnsive children with migraine headaches . 
This approach is similar to that outlined in 
the recent JNC 7 report, which recommends 
specific classes of antihypertensive drugs for 
use in adults in certain high-risk categories.z 

All antihypertensive drugs should be pre-
scribed in a similar fashion : The child is 
initially started on the lowest recommended 
dose listed in table 9 . The dose can be 
increased until the desired BP goal is achieved. 
Once the highest recommended dose is 
reached, or if the child experiences side effects 
from the drug, a second drug from a different 
class should be added. Consideration should 
be given to combining drugs with comple-
mentary mechanisms of action, such as an 
ACE inhibitor with a diuretic, or a vasodilator 
with a diuretic or beta-adrenergic blockec 
Because little pediatric experience is available 
in using fixed-dose combination products, 
except for bisoproloUHCTZ,i3i routine use of 
these products in children cannot be recom-
mended at this time. 

For children with uncomplicated primary 
hypertension and no hypertensive target-
organ damage, the goal BP should be less 
than the 95th percentile for sex, age, and 
height, whereas for children with chronic 
renal disease, diabetes, or hypertensive target -
organ damage, the goal BP should be less 
than the 90th percentile for sex, age, and 
height. Again, this approach is similar co the 
recommended treatment of hypertension in 
adults with additional cardiovascular risk 
factors or comorbid condiuons.2 

Important adjunctive aspects to the drug 
therapy of childhood hypertension include 
ongoing monitoring of target-organ damage as 
well as BP monitoring, surveillance for drug 
side effects, periodic monitoring of electrolytes 
in children treated with ACE inhibitors or 
diuretics, counseling regarding other cardio-
vascular risk factors, and continued emphasis 
on nonpharniacologic measures . It may also 
be appropriate to consider "step-down" 
therapy in selected patients . This approach 
attempts a gradual reduction in the drug after 
an extended course of good BP control, with 
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Mtihypertensive Drugs for Outpatient Management of Hypertension in Children i-17 Years Old' 

Class , Drug . . Doset 

~ Angiotensin-converting _ _ Benazepxil . Initial: 0.2 mg/kg/day up to 10 mglday . _ 
enzyme (ACE) inhibitor Maximum: 0.6 mg/kg/day up to 40 mg/day 

Captoprfl Initial: 0.3-0.5 mg/kg/dose 
Maximum: 6 mg/kg/day 

EnalaprII Initial: 0.08 nigJlcg/daq up to 5 mg/day 
_ - --'- Maximum: 0.6 mg/kglday up to 40 mg/day 

Fosinopril Children >50 kg: 
Initial: 5-10 mg/day 
Maximum : 40 mg/day 

Lsinopril Initial: 0.07 mg/kg/day up to 5 mg/day 
Maximum: 0.6 mg/kg/day up to 40 mg/day 

Quinapril Initial: 5-10 mg/day 
Maximum: 80 mg/day 

Angiotensin-receptor blocker Irbesartan ' 6-12 years: 75-I50 mg/day 
213 years: 150-300 mg/day 

Losartan Initial : 0.7 mg/kglday up to 50 mglday 
. , . Maximum: 1.4 mg/kg/day up to 100 mg/day 

i 
a- and p-blocker Labetalol Initial: 1-3 mg/kg/day 

Maximum: 10-12 mg/kg/day up to 1,200 mglday 

13-blocker Atenolol Initial: 0.5-1 mg/kglday 
Maximum; 2 rngft/day up to 100 mg/day 

BisoproloUHCI'G Initial : 2.5/6.25 mg/day 
Maximum: 1016.25 mg/day 

Metoprolol InitiaL 1-2 mg/kg/day 
Maximum: 6 mWWday up to 200 mg/day 

Propranolol Initial : 1-2 mg/kg/day 
Maximum: 4 nig/kglday, up to 640 mg/day 

Calcium channel blockec Amlodipme Children 6-17 years : 
2.5-5 mg once daily 

Felodipine Initial: 2 .5 mg/day 
Maximum: 10 mg/day 

. lsradipine Initial: 0.15-0.2 iug/kglday 
Maximum: 0 .8 mg/kg/day up to 20 mg/day 

Extended-release Initial: 0.25--0.5 mgllcg/day 
nifedipine Maximum: 3 mg/kg/day up to 120 mg/day 

28 The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents . 
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. 

Dosing Interval Evidence* FDA Labdings§ CommeMsl't 

qd RCT Yes 1 . All ACE inhibitors are contraindicated in pregnancy-females of 
childbearing age should use reliable contraception. 

tid RCP, CS No 2. Check seruni potassium and creatinine periodically to monitor for 
hyperkalemia and azotemia . 

qd-bid RCT Yes 3. Cough and angioedema are reportedly less common with newer members 
of this class than with captopril. 

qil BCT Yes 4. Benazegrfl, enalapcil, and lisinopril labels contain information on the 
preparation of a suspension; captopril may also be compounded into a 
suspension. 

qd RCT Yes S. FDA approval for ACE inhibitors with pediatric labeling is limited to 
children 26 years of age and to children with creaxinine clearance 

qd , RCT, EO No z30 inUminl1.73mz. 

qd CS Yes - 1. All ARBs.are contraindicated in pregnancy-females of childbearing age 
should use reliable contraception. 

qd RC I" Yes 2. Check serum potassium, aeatinine periodically to monitor for 
hyperkalemia and azotemia. 

" 3. Losarran label contains information on the preparation of a suspension. 

4. FDA approval for ARBs is limited to children ?6 years of age and to 
children with creatinine clearance ?30 mUrnin/1 .73mz. 

bid . CS, LO No 1. Asthma and overt heart failure are contraindications. 

2. Heart rate is dose-limiting. 

3. May impair athletic performance. 

4. Should not be used in insulin-dependent diabetics . 

qd-bid CS No 1 . Nbncardiaseleckive agents (propranolol) are contraindicated in asthma 
and heart failure. 

qd RCl' No 2. Heart rate is dose-limiting. 

3. May impair athletic performance. 
bid , CS No 

4. Should not be used in insulin-dependent diabetics. 

bid-tid RCI; EO Yes S" A sustained-release formulation of propranolol is available that is dosed 
once-daily. 

qd RGT Yes 1. Amlodipine and isradipine can be compounded into stable cetemporane- 
ons suspensions. 

qd RGT, EO ., No 2. Felodipine and extended-release nifedipine tablets must be swallowed 
' 

, 
whole. 

dd-qid _ CS, EO No 3 . Isradipine is available in bath immediate-release and sustained-release " 
formulations ; sustained release form is dosed qd or bid . 

qd-bid , CS, EO No 4. May cause tachycardia . 
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" ' AMihypertensive Drugs for Outpatient Management of Hypertension in Children 1-17 Years Old 
(continued) 

...m~ rt class . . Drug . . . Doset .. .". .. 

( Central a-agonist Clonidine Children ?12 years: 
Initial : 0.2 mg/day 
Maximum: 2.4 mg/day 

Diuretic H(,'TZ Initial : 1 mg/kg/day 
Maximum: 3 mg/kglday up to SO mg/day 

Chlorthalidone Initial : 03 mg/kg/day 
Maximum: 2 mg/kg/day up to 50 mg/day 

Futoseaiide Initial : 0.5-2 .0 mg/kg/dose 
Maximum: 6 mg/kg/day 

Spironolaaone . Initial : 1 mg/kglday 
Maximum: 3.3 cng/kglday up to 100 mg/day 

Triamterene Initial : 1-2 mg/kg/day 
Maximum: 31t mg/kg/day up to 300 mg/day 

. . . _ , Amiloride . - Initial: 0.4--0.625 mg/kg/day 
Maximum: 20 mg/day 

Peripheral a-antagonist Doacazosin _ Initial : 1 mg/day 
Maximum; 4 mg/day 

Prazasin Initial: 0.05-0.1 mg/kg/day 
Maximum: .0 .5 mglkg/day 

Terazosm Initial : 1 mg/day 
Maximum: 20 mg/day 

Vasodilator Hydralazine Initial: 0.75 mg/kg(day 
Maxim=: 7.5 mg/kg/day up to 200 mglday 

Minoxidil Children <12 years : 
Initial: 0.2 mY/kP/daY 
Maximum: 50 mg/day 
Children ?12 years: 

. - IniciaL 5 mg/day . 
Maximum: 100 mg/day 

. 
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qd EO Yes 1. All patients treated with diuretics should have electrolytes monitored 
shortly after initiating therapy and periodically thereafter. 

qd EO No . 2. Useful as add-on therapy in patients being treated with drugs from other 
drug -classes . . 

qd-bid EO No . 3. Potassium-sparing diuretics (spironolactone, triamterene, amiloride) may 
. , cause severe hyperkalemia, especially if given with ACE inhibitor or ARB. 

qd-bid EO No 4. FurosBmide is labeled only for treatment of edema but may be useful as 
add-on therapy in children with resistant hypertension, particularly in 

bid EO No children with renal disease. 

5. CFilorthalidone may precipitate azotemia in patients with renal diseases 

qd EO No and should be used with caution in those with severe renal impairment. 

- qd $O No 1, May cause hypotension and syncope, especially after first dose. 

dd EO No 

qd EO No 

qid EO Yes 1. Tachycardia and fluid retention are common side effects. 

2. Hydralazine:can cause a lupus-like syndrome in slow acetylators . 
qd-tid CS, EO Yes 3. Prolonged use of minoxidd can cause hypertrichosis . 

4. Minoa-idil is usually reserved for patients with hypertension resistant 
to multiple drugs. 

ACE, angiotensin-converting enzyme; ARB, 8ngiotensinaec9ptor blocker; bid, twice-daffy; HCIZ, hydrochiorothiaade; qd, oncedaiM qid, four times daily, tic, 

three times daily . . . . . . . . 

" Includes dr.ugs with prior pediatric experience or recently completed ciinical trials . 
t The maximum recommended adult dose should not be exceeded in routine clinical practice . 
$ Levd of evidence upon which dosing recommendatlons are based (CS, case series; ED, expert opinion; RCT; randomized coMrolled trO 

. § FDA-approved pecFaMC labeling information is available . Recommended doses for agents with FDA-approved pediatric labels are the doses contained in 
the approved labels Even when pediatric labeling information is not available, the FDA-approved label should be consufted for additional safety information . 

r� tt Comments apply to all members of each drug class except where otherwise stated, . . 

' 
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LJ Management Algorithm 

Stage 2 Hypertension* ~ ~ Stage 1 Hypertension` ~ I Prehypertensive' I : Namotensive 

Repeat BP 1 g0-<y5% Therapeutic ' ~ Educate on 
over ~- Lifestyle . .. . .. . ..-~--'--"> HeartHealth 

~ or 120/60 rtttnHg 
,I.. . z95~ , Changes+ U~rnyr 
1Fameram~ . 9U-c95% 120/eD mmHg 

Diagnostic Wqrkup . Diagnostic Workup 
Include Evaluation for Include Evaluation for pyPeat gp 
Target-Organ Damaqet . Target-0rgan Damaget b, 6 momhs 

Ser.ondary or .~_ FtimaY . SecondmY 

or 

Prnnary . . 
M~pet~~sion ~ MPatarson FIYPertei . ' atension 

~ Consider Diagnostic Wwkup 

. Consider Refenel ~ 
Specific 

T},Therapeutic ~d Evaluation fir Target-

Toprovida'withexpertisin Lifestyle I Organ 

. Pe~etriCh7D?+~~ion 
fWCeuSE ~~9~ Noverwe~ghtorcrnaibiUtye~usts 

Npmal ~ ~ \ We~N w~9ht 295% Normal Wawa~ht Norrnal Overvva9M 
BMI \' BMI BMI ~ 

pruy Poc . WeigM Re

e

duction p,~,9 ~s ~~' Weight Reduction Monitor Q 6 Mo Weight Reduction~ 
and Orug Rx . 

` I 

32 

BMI; body mass index; BP blood pressure ; Pox, prescription; Q every. 

'See tables 3, 4, and 5. 

tDiet modification ~ and physical activity. 
#ESpecially If younga; very high BP little or no family history, diabetic, or other risk factors. 

the eventual goal of completely discontinuing 
drug therapy. Children with uncomplicated . 
primary hypertension, especially overweight 
children who successfully lose weight, are the 
best candidates for the step-down approach. 
Such patients require ongoing BF monitoring 
after the cessation of drug therapy, as well as 
continued nonpharmaco logic treatment, 
because hypertension may recur. 

Severe, symptomatic hypertension with BP 
well above the 99th percentile occurs in some 
children, usually those with underlying renal 
disease, and requires prompt treatment. 
Hypertensive emergencies in, children are usu-
ally accompanied by signs of hypertensive 
enceghalopathy, typically causing seizures . 
Hypertensive emergencies should be treated 
by an intravenous antihypertensive that can 
produce a controlled reduction in BP, aiming 
to decrease the pressure try 25 percent or less 
over the first 8 hours after presentation and 
then gradually normalizing the BP over 26-48 

IlOlll'S.132,133 Hypertensive urgencies are 
accompanied by less serious symptoms, such 
as severe headache or vomiting . Hypertensive 
urgencies can be treated by either intravenous 
or oral antihypertensives, depending on the 
child's symptomatology. Table 10 provides 
dosing recommendations for treatment of 
severe hypertension in children when prompt 
reduction in BP is indicated . 

Figure 1 is a management algorithm that pres-
ents guidelines for evaluation and treatment 
of Stage 1 and Stage 2 hypertension in chil-
dren and adolescents. The algorithm 
summarizes monitoring and intervention rec-
ommendations for children and adolescents 
with prehypertension and hypertension . 
Included in the algorithm are points at which 
the presence of overweight is considered in 
clinical decisionxnaking. The algorithm also 
emphasizes the inclusion of evaluation for 
target-organ damage in children with estab-
lished Stage 1 and Stage 2 hypertension . 
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Mtihypertensiue Drugs for Management of Severe Hypertension 
in Children 1-17 Years Old 

Drug Class Doset Route Comments 
' Fsmolol Q-blotker 100-500 mcWg~mi n iv infusion Very short-acting-constant 

infusion preferred. May 
cause profound bradycardia. 
Produced modest reductions 
in BP in a pediatric clinical 
trial. 

Hydralazine Uasodilator, 0.2--0.6 mglkg/dose iv, im Should be given every 4 hours 
when given iv bolus. 
Recommended dose is lower 
than FDA label. 

La6.etalol a- and A- bolus: 0.2rL0 iv bolus or Asthma and overt heart 
blocker mg/kg/dose up to 40 infusion failure are relative contra-

mg/dose indications. 
infusion: 0.25-3A 
mg/kg/hr 
. _ . ._.. ..-

Nicardipine Calcium 1-3 mcg/kg/min iv infusion May cause reflex tachycardia. 
channel - 
blocker 

. Sodium Vasodilator 0.53-10 mcglkglmin iv infusion Monitor cyanide levels with 
nitroprusside prolonged (>721u) use or in 

renal failure; or coadminister 
with sodium thiosulfate. 

Drug Class Dose` Route Comments .Drug 

Central 0.05--0 .1 mg/dose PO Side effects include dry 
a-agonist may be repeated up mouth and sedation . 

m 0.8 mg total dose 

Enalaprilat ACE inhibitor 0.05-0.1 mg/kg/dose iv bolus May cause prolonged 
. , . up to 1.25 mg/dose hypotension and acute renal 

failure, especially in neonates . 

Fenoldopam Dopamine . 0.2-0.8 mcglkg/min - iv infusion Produced modest reductions 
receptor in BP in a pediatric clinical 
agonisc trial in patients up to 12 

years. 

Lsradipin8 Calcium chan- 0.05-0.1 mg/kg/dose po , Stable suspension can be 
nel blocker compounded. 

Minoxidil Vasodilator 0.1-0 .2 mg/kg/dose po Most potent oral vasodilator, 
. _ long-acting . 

, ACE, angloterisn-coriverting enzyme; tm, lntramuscudai; iv, ~aiVaveiiotis~ Po~ oraT 
` Useful for hypertensive emergencies and sorne hypertensive urgencies. 

- 1' WI dosing recommendations are based upon expert opinion or case series data except as otherwise noted . 

. * Useful for hypertensive urgencies and some hyperteosive olnergencles. 
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APPENDIX A . 

Demographic Data 

34 . The Fourth Report on the Diagnosis, Evaluation, and Treatment N High Blood Pressure in Children and Adolescents 

103 



c
 0 

Y
 

7
 

O
 

aT
 

7
 

a
 

m 

U
 

II
-

1
. 

W
 

W
 

a
 

_
 

O
 

O
 

t
 

C
 
mQ
 

L
 
a
 

:
 
0
 

O
 

OAS 
oo 

d
 

0
: 
W
 

a
S
a
'
m
 

m 
m 

`o~C-m 
a ,y"- y m

 
a m N
 

g
 

l 

. 

a
 

a
 

c
 

CS 
W
 . 

U
 

L
 

. 

Y
 

R'. 
m
 

. 

9
 ~

. 

m
. 

O
 
V
 
O
 
O
 

N
 
N
 

0
 
~
 
N
 
N
 

d' 
d' 

t~D 
c~D 

N
 

`~ 
0
?
 

R
 
W
 
~
 
V
 
V
 

O
 

p~ 
(O 

0~7 
a
 
C
 
g
 
p
 
O
 
O
 

~
 
T
 

( ] 
O
 

~
 

C7 
.f7 

N
 
I
~
 
~
 
N
 
N
 
6
 
(D 

V
 

d- 
~
 

~
 
~
 

td 
ln 
N
 
N
 

r
 

~
 

( p
 
~
 
O
 
O
 
'
q
 
~
O
 
O
 
O
 
O
 
M
 
~
 

O
 
O
 
i~ 

(O 
N
 
N
 
m
 
M
 
O
 
O
 

- 
M
 
~
 
.
~
 
O> 

M
 
M
 

~
 
N
 

m
 

(O 
d' 

d' 
N
 

C 'I 

9 
CO 

cc! 
m
 
6, 

93 
93 

v
 
v
 

o
 
o
 
m
 
m
 
K
 
°
 
o
 
0
 
0
 
0
 

Pj 
M
 

. 
. 

1~ 
~
 

O
 

v
 
m
 
0
 
M
 

~
 

N, 
. 

CY 
N
 
( 

0
 

V
 
R
 

- 
-
 

L 
uJ 
N
 
N
 

I 
a
 

~
 

o
 

o
 

~
 

o
 

. 
~
 

. 
O
 

O
 

O
 

O
 

O
 

o
 

a
 

o_ 
o
 

0
 

0
 

O
 

O
 

O
 

~
 

O
 

O
 

N
 

r
 

h
 

O
 

O
 

~
 

~
 

O
 

O
 

O
 

O
 

O
 

N
 

O
 

N
 

V
 

d' 
n
 

C~ 

m
 

. 
o
 

0
 

0~ 
~ 

~Lq 

f0 
O
 

O
 

N
 

V
 

t0 ~ 
~ 

~ 
h
 

~
 ~ 

~ 
~
 

(p 
( p
 

r
 

. 
t
b

. 
M

. 
, 

-, 
M
 

' 
~
 

m
 

F
 

r
 

~
 

M
 

~
 

(+j 

n
 

~
 

0
 

0
 

~
 

o
 

~
 

O
 

~
 

M
 

c+ ') 
v
 

0
 

o
 

v
 

~
 

N
 

O
 

N
 

V
 

r
 

M
 

r
 

n
 

O
 

O
; 

N
 

V
 

IQ 
W
 

N
 

~
 

O
 

M
 

m
 

~
 

O
 

Cl 
N
 

W
 

N
 

.- 

h
 

~
 

r
 

n
 

W

' 
' 

~
 

m
 

m
 

W
 

W
 

. 
. 

l6 
.NO 

r
 

N~ 
, 

Z
 

z
 

a
 

a
 
m
 

°
 

~
 

W
 

C
 

a
(
s
 . 
~
 

a
 

S
 

c q
. U
 

a
 

a
 

g
 

N
 
O
 

O
 
N
 

V
 

~Li 

N
 
O
 

N
 
M
 

a 
O
 

O
 
s
 
a
 

I 
U
 

I 

N
 

w
 

W
 

N
 

o
 
r
 N 
m
 

0
 
A
 

n
 
M
 

x Z d
 

O
 
a
 

tn 

M
 ̀

~
 

o
 
m o 
_
 

m
 

z
 

a
 

N
 
N
 

Z
 

Q
 

M
 

Z
 

6
 

Y
 

o
 

Cl 
y
 

'my 
n
 

a
 

r
 

a
 

e
 d 
~
 

a
 

~+ 
y
 

f' 
o : 

i°- 
a
 ̀

o 
0 

Appendix A. Demographic Data 
35 

104 



" 

APPENDIX B .' 

Computation of Blood Pressure 
Percentiles for Arbitrary Sex, Age, 
and. Height 
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Computation of Blood Pressure 
Percentiles for Arbitrary Sex, Age, 
and Height 

. To compute the systolic blood pressure (SBP) percentile o f a boy who is age y years 

and height h inches with SBP = x mmHg: 

1 . Refer to the most recent CDC growth charts, which are available online, and convert the 
height of h inches to a height Z-score relative to boys of the same age; this is denoted by Zht. 

2. Compute the expected SBP (p) for boys of age y years and height h inches given by 
4 4 

74 = ci + Y. fli (Y-10)~+ ~ Yk (Zht)k 

where a, 01 . . . . P4 and Yi ~ ~ ~ . T4 are given in the 3rd column of appendix table B-1 . 

3. Then convert the boy's observed SBP to a Z-score (Zbp) given by 
Zbp = (x -y)!a 

where s is given ;n the 3rd column of appendix table B-1. 

4. To convert the bp Z-score to a percentile (P), compute P = (D (Zbp) x 100% 
where (D (Z) = area under a standard normal distribution to the left of Z. 

Thus, if Zbp = 1.28, then (D (Zbp) _ .90 and the bp percentile = .90 x 100% = 90%. 

5, Tp-compute percentiles .for SBP for girls, diastolic blood pressure (DBP) (KS) for boys, 
and DBP (KS) for girls, use the regression coefficients from the 4th, 5th, and 6th columns 
of appendix table B-1 . 

For example, .a 12-year-old boy, with height at the 90th percentile for his age-sex group, 
has a height Z-score = 1 .28; and his expected SBP (jsj is 

K =102.19768 + 1.82416 (2) +,0,12776 (22) + 0.00249 (23) -0.00135 (2<) + 2.73157 
(1.2%) -Q.19618 (1 .28)z -0.04659 (1.28)3 + 0.00949 (1.28)4 =109.46 mmHg. 

Suppose his actual SBP is 120 miiiFIg (x) ; his SBP Z"score is then: 

$BP Z-seore = (x - p)/(y = (120-109 .46)I10.7128 = 0.984 

The corresponding SBP percentile = (D (0:984) x 100% = 83.7th percentile . 

' 
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, - , 
~J 

Intercept . a 102.19788 102.01027 61 .01217 60.50510 
Age 

. Age-101 . ~ 1 .52416 1 .94397 0.68314 1 .01301 
(Age-10)2 . /t 0.72776 0.00598 -0.09835 0.01157 
(Age-10)3. ~, 0.00249 -0.00789 0.01711 0.00424 
(Age-1 0)4 . . Q. -0.00135 -0.00059 0.00045 -0.00137 

Normalized height 
~ 

. . 
ZM - yl , 2.73157 2.03526 1 .46993 1 .16641 
Zht2 . , y2 -0.19618 0.02534 -0.07849 0.12795 

_ZfTt9 - y3 -0.04659 -0.01884 -0.03144 -0.03869 
Zht4 . - y4 0.00947 0.00121 0.00967 -0.00079 

Standard deviation v _ 10.7128 10.4855 11 .6032 10.9573 
pt . 0.4100 0.3824 0.2436 0.2598 
n (persons) , . . 32,161 31,066 24,057 23,443 
n (visits) 42,074 41,017 29,182 28,794 

BP blood pressure; Diastolic BP5, diastolic measurement at Korotkoff 5 . 
' The coefficients Were obtained from miXed-effects linear regression models, 

t The value Of p represents the correlation betwean BP measurements at different ages for the same child after correcting for age 

and ZM . This computation was necessary because some studies contributing to the childhood BP database provided BP at more 

than one age. .. . . . 
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Scheme Used .for 
Classification of the Evidence 

M Meta-analysis ; use of statistical 
methods to combine the results from 
clinical trials 

RA Randomized controlled trials; 
also known as experimental studies 

RE Retrospective analyses; also known 
as case-control studies 

F Prospective study, also known as cohort 
studies, including historical 
or prospective follocvup . studies _ 

X Cross-sectional survey; also known 
as prevalence studies 

PR Previous review or position 
. . statements . 

C Clinical interventions 
(nonrandomized) 

These symbols are appended to the citations 
in the reference list The studies that provided 
evidence supporting the recommendations 
of this report were_rlassified and reviewed 
by the staff and the executive committee. 
The classification scheme is from the JNC 7 
report and other IVHBPEP Working Group 
Reports (ww~w.nhlbi.nih.gov/aboubnhbpep/ 
index.htm)?+134138 

. , _ . Scheme Used for Classification W the Evidence sa 
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For More information 

The NHLBI Health Information Center 
is a service of the National Heart, Lung, 
and Blood institute (NHLBQ of the National 
Institutes of Health. The NHLBI Health 
Information Center provides information 
to health professionals, patients, and the 
public about the treatment, diagnosis, 
and prevention of heart, lung, and blood 
diseases and sleep disorders. For more 
information, contact 

NHLBI Health Information Center 
P.O . Box 30105 
Bethesda, MD 20824-0105 
Phone: 301-592-8573 
TTY 240-629-3255 
Fax: 301-592-8563 
Web site: http:1/www.nhibi .nih.gov 

Discrimination Prohibited: Under provisions of applicable 
. . public laws enacted by Congress since 1964, no person 

in,the_U_nited States shall, on the grounds of race, color, 
- national origin, handicap. or age, 6e excluded from partici-
pation in, be denied the benefrts at, or be subjected to 

. . discrimination under any program or activity (or, on the 
. . , - . - basis of sex, with respect to any education program or 

activity) receiving Federal Marscial assistance. In addition, 
. - Executive Order 11147 prohibits discrimination on the 

. - , basis of age by wntraclors and subcontractors in the 
-. ` - - performance of Federal contracts, and Executive Order 

. - , 11?AB states that no federally funded contractor may 
- discriminate against any employee or applicant for 

. . ' employment because of race, cola; religion, say, or 
national origin, Therefore, the National Heart, Lung, 

. and Blood Institute must be operated in compliance 
' . with these laws and Executive Orders. 
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