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n the last decade there has been a

considerable change in attitudes to-

wards hypertension in children and
adolescents.? First, it is recognized that
mild elevation of blood pressure in chil-
dren and adolescents is more common
than previously believed. Second, accu-
mulating evidence suggests that in the past
two decades mean blood pressure, and
consequently the prevalence of hyperten-
sion in children and adolescents, is ris-
ing.® This rise is mainly attributed to the
increasing prevalence of obesity among
children and adolescents.*® However, oth-
er aspects of the modern lifestyle might
contribute, such as reduced physical activ-
ity and the increasing time that children
spend in front of a screen (television or
personal computer).* Moreover, longi-
tudinal studies have shown that elevat-
ed blood pressure during childhood and
adolescence often progresses to hyper-
tension in adult life (tracking), which has

both epidemiologic and clinical impact.”’

Thus, it seems that primary hypertension
in adults often has its roots in childhood
and adolescence.">!” Several studies have
documented the familial aggregation of
essential hypertension, with close associ-
ations reported for both father-offspring
and mother-offspring systolic blood pres-
sure.'! However, when the mother had a
history of hypertension there was a larg-
er proportion of offspring in the highest
blood pressure quartile, suggesting a key
role of the mother in the development of
essential hypertension.!!

The development of knowledge about
and attitudes towards hypertension and
its management has major differences in
relation to children and adolescents com-
pared to adults. In children, since hyper-
tension-induced cardiovascular compli-
cations take too many years to occur, it
is not feasible to conduct outcome stud-
ies that examine the association of blood
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pressure with cardiovascular risk, as was done in
adults. Therefore, the management of hypertension
in children is not founded on the concept of “evi-
dence-based medicine”, but on expert consensus
guidelines and extrapolation of evidence from stud-
ies in adults. Despite the inadequate evidence related
to pediatric hypertension, the development of recom-
mendations is necessary in order to guide physicians
in the management of high blood pressure in clinical
practice. Detailed guidelines for hypertension in chil-
dren and adolescents have been published in Europe!
and the US.2

Both the American and the European guidelines
recommend that blood pressure measurement should
be part of the routine evaluation of all children above
the age of 3 years."> Blood pressure should preferably
be checked once per year, particularly in children at
high risk for development of cardiovascular disease
and accelerated atherosclerosis, including children
whose parents have hypertension or premature coro-
nary heart disease (father <55 years or mother <65
years), and children who are overweight or obese, or
have dyslipidemia (particularly in the presence of ob-
structive sleep apnea or a sedentary lifestyle), diabe-
tes mellitus, or nephropathy.'>!?

In the last few years, the implementation of this
recommendation in clinical practice has had the fol-
lowing consequences: (i) it is recognized that elevated
blood pressure is not uncommon, especially in adoles-
cents; (ii) many cases of hypertension that in the past
would have remained undiagnosed for many years
are diagnosed early; and (iii) diagnostic problems due
to blood pressure variability and the white-coat and
masked hypertension phenomena are common.

This article is addressed to pediatricians, inter-
nists, cardiologists, and general practitioners who
deal with elevated blood pressure in children and ad-
olescents. The objective is to provide essential and
practical information and guidance on the diagnosis,
evaluation and management of hypertension in chil-
dren and adolescents, with a focus on primary hyper-
tension, which is the most common cause of hyper-
tension in adolescents. Secondary hypertension and
hypertension emergencies are not discussed because
these are tasks for specialized physicians.

Causes of hypertension

The causes of hypertension in children and adoles-
cents are similar to those in adults. Nevertheless, sec-
ondary hypertension is more common in children
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than in adolescents, particularly in young children
and those with stage 2 hypertension.'>!* The young-
er the age, the higher the chance of identifying an un-
derlying cause of hypertension that might be treat-
able. In children under the age of 12 years, renal dis-
ease and renovascular hypertension are the most
common causes, "> followed by aortic coarctation
and primary hypertension. Endocrine causes, such as
pheochromocytoma, primary aldosteronism, Cushing
syndrome, etc., are rare. On the other hand, after the
age of 12 years primary hypertension is the most com-
mon cause and is characterized by elevation of systol-
ic blood pressure only, or both systolic and diastolic
blood pressure.>!* In the last years the association of
hypertension with obstructive sleep apnoea has been
recognized, which is not uncommon, particularly in
obese children and adolescents.!’

Blood pressure measurement and diagnosis of
hypertension

For the reliable evaluation of children with elevated
blood pressure and the accurate diagnosis of hyper-
tension it is necessary to have repeated office blood
pressure measurements and 24-hour ambulatory
blood pressure monitoring.!>!*1® Unfortunately, in
clinical practice blood pressure is not always care-
fully evaluated and this might result in an incorrect
diagnosis of hypertension (overdiagnosis) and un-
necessary investigation, thereby causing considerable
discomfort to the child and family, and a waste of
healthcare resources. Underdiagnosis of hypertension
due to incorrect evaluation of blood pressure may al-
so occur in children. The most common problems in
the evaluation of blood pressure in children and ado-
lescents are presented in Table 1. It is important to
mention that in children and adolescents the use of
normalcy tables providing percentile blood pressure
values according to age, gender, and height is neces-
sary for the interpretation of office and out-of-office
blood pressure measurements (Tables 2-5).121619

Office blood pressure measurement

In children with possible hypertension, blood pres-
sure should be carefully measured in the office by the
doctor or nurse on at least 2-3 visits, with 2-3 mea-
surements per visit.">!® The first and often the sec-
ond office visit might give higher and unstable blood
pressure values. Although the conventional office
measurement remains the cornerstone for the as-
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Table 1. Common problems in the evaluation of blood pressure in children and adolescents.

» Inappropriate measurement conditions (stress, exercise, without a few minutes’ rest, etc.).

» Inappropriate cuff size according to the child’s arm circumference.

» Diagnosis of hypertension based on blood pressure measurement from a single office visit.
» Diagnosis based on blood pressure measurements obtained by an automated electronic (oscillometric) device (not confirmed by

auscultation).

» Inappropriate use of blood pressure thresholds for hypertension diagnosis according to age, gender and height.
» No confirmation of hypertension diagnosis by ambulatory blood pressure monitoring.
* Ambulatory blood pressure monitoring not performed on routine school day (i.e. performed during hospitalization or while the child

remains at home).

sessment of blood pressure, in children and adoles-
cents 24-hour ambulatory blood pressure monitoring
is mandatory to confirm the diagnosis of hyperten-
sion, 116:18

For office blood pressure measurement in chil-
dren, a standard mercury sphygmomanometer or a
validated aneroid manometer and the auscultatory
method should be used.!? It is noted that for envi-
ronmental reasons mercury sphygmomanometers are
being banned from clinical use and will soon not be
available. The automated electronic (oscillometric)
devices have the advantage of eliminating observer
bias and error, yet they may not be accurate and re-
quire separate validation in children. Unfortunately,
few of them have been adequately tested in children
and proved to be accurate. Lists of validated oscillo-
metric devices are available on the internet (see www.
dableducational.org, www.bhsoc.org). Elevated blood
pressure in children detected using an electronic de-
vice should be confirmed by taking measurements
with a device that uses the auscultatory method.'?

The selection of a cuff of appropriate size accord-
ing to the individual child’s arm circumference is es-
sential for accurate blood pressure measurement. The
length of the bladder (the inflatable part of the cuff)
should encircle 80-100% of the arm circumference and
its width should be about 40% of that (4 x 8 cm, 6 x 12
cm, 9 x 18 cm, 10 x 24 cm).>?2! A large cuff applied
on a small arm (i.e. adult cuff applied in children) may
result in underestimation of blood pressure by up to 30
mmHg. 22! On the other hand, a small bladder applied
to a big arm (i.e. a small cuff applied to an obese ado-
lescent arm) might overestimate blood pressure by up
to 30 mmHg.?**! The Korotkov sound I (when the first
rhythmic sound appears) is used to estimate systolic
blood pressure and sound V (when the sounds disap-
pear) is used for diastolic blood pressure. When the
sounds persist up to 0 mmHg the Korotkov sound IV
(when the sounds become muffled) is used to estimate
diastolic blood pressure.

Diagnostic criteria of hypertension

The criteria for the diagnosis of hypertension in chil-
dren are based on the concept that blood pressure
increases with age and body size. It is, therefore, in-
appropriate to use the same threshold to define hy-
pertension in all children. Thus, although in adults
the blood pressure threshold for hypertension is the
same, regardless of the age, gender and somatomet-
ric characteristics (systolic >140 mmHg and/or dia-
stolic >90 mmHg), in children and adolescents the
diagnostic threshold differs according to the individ-
ual’s age, gender and height. For the evaluation of
office measurements, blood pressure percentiles de-
rived from studies in the US that included data from
63,000 children and adolescents aged 1-17 years are
used (Tables 2a and 2b).! According to the latest US?
and European' guidelines, an office blood pressure
below the 90th percentile (according to age, gender
and height) is considered as normal, and one between
the 90th and 95th percentile as high-normal® (or pre-
hypertension in the US guidelines)* (Table 3). In ado-
lescents, blood pressure is considered as high-normal
if it is higher than 120/80 mmHg, even if this is below
the 90th percentile.!> Office blood pressure between
the 95th and 99th percentile plus 5 mmHg is consid-
ered as stage 1 hypertension and higher than that as
stage 2 (Table 3).12

Twenty-four-hour ambulatory blood pressure monitoring

Twenty-four-hour ambulatory blood pressure moni-
toring is considered indispensable for the diagnosis
of hypertension in children.*!® Ambulatory blood
pressure monitoring is also useful after treatment ini-
tiation for the evaluation of resistant hypertension,
for the assessment of 24-hour blood pressure con-
trol in children with target organ damage, and when
overtreatment is suspected.’>!® Moreover, ambula-
tory blood pressure is mandatory for the detection of
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Table 2a. Percentiles for office blood pressure in boys according to body height (reproduced from reference #2, with permission).

Age  Blood pressure Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)
(year) percentile Percentile of height Percentile of height

Sth 10th 25th 50th 75th  90th 95th Sth - 10th  25th  50th 75th 90th 95th
90th 94 95 97 99 100 102 103 49 50 51 52 53 53 54
1 95th 98 99 101 103 104 106 106 54 54 55 56 57 58 58
99th 105 106 108 110 112 113 114 61 62 63 64 65 66 66
90th 97 99 100 102 104 105 106 54 55 56 57 58 58 59
2 95th 101 102 104 106 108 109 110 59 59 60 61 62 63 63
99th 109 110 111 113 115 117 117 66 67 68 69 70 71 71
90th 100 101 103 105 107 108 109 59 59 60 61 62 63 63
3 95th 104 105 107 109 110 112 113 63 63 64 65 66 67 67
99th 111 112 114 116 118 119 120 71 71 72 73 74 75 75
90th 102 103 105 107 109 110 111 62 63 64 65 66 66 67
4 95th 106 107 109 111 112 114 115 66 67 68 69 70 71 7
99th 113 114 116 118 120 121 122 74 75 76 77 78 78 79
90th 104 105 106 108 110 111 112 65 66 67 68 69 69 70
5 95th 108 109 110 112 114 115 116 69 70 71 72 73 74 74
99th 115 116 118 120 121 123 123 77 78 79 80 81 81 82
90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72
6 95th 109 110 112 114 115 117 117 72 72 73 74 7576 76
99th 116 117 119 121 123 124 125 80 80 81 82 8 84 84
90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74
7 95th 110 111 113 115 117 118 119 74 74 75 76 77 78 78
99th 117 118 120 122 124 125 126 82 82 83 84 8 86 86
90th 107 109 110 112 114 115 116 71 72 72 73 74 75 76
8 95th 111 112 114 116 118 119 120 75 76 77 78 79 79 80
99th 119 120 122 123 125 127 127 83 84 85 86 87 87 88
90th 109 110 112 114 115 117 118 72 73 74 75 76 76 77
9 95th 113 114 116 118 119 121 121 76 77 78 79 80 81 81
99th 120 121 123 125 127 128 129 84 85 86 87 88 88 &9
90th 111 112 114 115 117 119 119 73 73 74 75 76 77 78
10 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 8 90
90th 113 114 115 117 119 120 121 74 74 75 76 77 78 718
11 95th 117 118 119 121 123 124 125 78 78 79 80 81 82 &2
99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90
90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79
12 95th 119 120 122 123 125 127 127 78 79 80 81 82 82 83
99th 126 127 129 131 133 134 135 86 87 88 89 9 90 91
90th 117 118 120 122 124 125 126 75 75 76 77 78 79 79
13 95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83
99th 128 130 131 133 135 136 137 87 87 88 89 90 91 91
90th 120 121 123 125 126 128 128 75 76 77 78 79 79 80
14 95th 124 125 127 128 130 132 132 80 80 81 82 83 84 &4
99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92
90th 122 124 125 127 129 130 131 76 77 78 79 80 80 81
15 95th 126 127 129 131 133 134 135 81 81 82 83 84 8 &
99th 134 135 136 138 140 142 142 88 89 90 91 92 93 93
90th 125 126 128 130 131 133 134 78 78 79 80 81 82 &2
16 95th 129 130 132 134 135 137 137 82 83 83 84 8 86 87
99th 136 137 139 141 143 144 145 90 90 91 92 93 94 94
90th 127 128 130 132 134 135 136 80 80 81 82 8 84 84
17 95th 131 132 134 136 138 139 140 84 85 86 87 87 88 &9
99th 139 140 141 143 145 146 147 92 93 93 94 95 96 97
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Table 2b. Percentiles for office blood pressure in girls according to body height (reproduced from reference #2, with permission).

Age  Blood pressure Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)
(year) percentile Percentile of height Percentile of height

Sth 10th 25th 50th 75th  90th 95th S5th 10th  25th  50th 75th 90th 95th

90th 97 97 98 100 101 102 103 52 53 53 54 55 55 56

1 95th 100 101 102 104 105 106 107 56 57 57 58 59 59 60
99th 108 108 109 111 112 113 114 64 64 65 65 66 67 67

90th 98 99 100 101 103 104 105 57 58 58 59 60 61 61

2 95th 102 103 104 105 107 108 109 61 62 62 63 64 65 65
99th 109 110 111 112 114 115 116 69 69 70 70 71 72 72

90th 100 100 102 103 104 106 106 61 62 62 63 64 64 65

3 95th 104 104 105 107 108 109 110 65 66 66 67 68 68 69
99th 111 111 113 114 115 116 117 73 73 74 74 75 76 76

90th 101 102 103 104 106 107 108 64 64 65 66 67 67 68

4 95th 105 106 107 108 110 111 112 68 68 69 70 71 172
99th 112 113 114 115 117 118 119 76 76 76 77 8 79 79

90th 103 103 105 106 107 109 109 66 67 67 68 69 69 70

5 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

90th 104 105 106 108 109 110 111 68 68 69 70 7 71 72

6 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

90th 106 107 108 109 111 112 113 69 70 70 71 72 72 73

7 95th 110 111 112 113 115 116 116 73 74 74 75 7 76 77
99th 117 118 119 120 122 123 124 81 81 82 82 83 84 &4

90th 108 109 110 111 113 114 114 71 71 71 72 7374 74

8 95th 112 112 114 115 116 118 118 75 75 75 76 77 78 78
99th 119 120 121 122 123 125 125 82 82 83 83 84 8 86

90th 110 110 112 113 114 116 116 72 72 72 73 74 75 5

9 95th 114 114 115 117 118 119 120 76 76 76 77 8 79 79
99th 121 121 123 124 125 127 127 83 83 84 84 85 86 87

90th 112 112 114 115 116 118 118 73 73 73 74 7576 76

10 95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80
99th 123 123 125 126 127 129 129 84 84 85 86 86 87 88

90th 114 114 116 117 118 119 120 74 74 74 75 76 7177

11 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

90th 116 116 117 119 120 121 122 75 75 75 76 7778 78

12 95th 119 120 121 123 124 125 126 79 79 79 80 81 82 82
99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90

90th 117 118 119 121 122 123 124 76 76 76 77 8 79 79

13 95th 121 122 123 124 126 127 128 80 80 80 81 82 83 &3
99th 128 129 130 132 133 134 135 87 87 88 89 89 90 91

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

14 95th 123 123 125 126 127 129 129 81 81 81 82 83 84 &4
99th 130 131 132 133 135 136 136 88 88 89 90 9 91 92

90th 120 121 122 123 125 126 127 78 78 78 79 80 81 81

15 95th 124 125 126 127 129 130 131 82 82 82 83 84 8 &
99th 131 132 133 134 136 137 138 89 89 90 91 91 92 93

90th 121 122 123 124 126 127 128 78 78 79 80 81 81 82

16 95th 125 126 127 128 130 131 132 82 82 83 84 85 8 86
99th 132 133 134 135 137 138 139 90 90 90 91 92 93 93

90th 122 122 123 125 126 127 128 78 79 79 80 81 81 82

17 95th 125 126 127 129 130 131 132 82 83 83 84 85 8 86
99th 133 133 134 136 137 138 139 90 90 91 91 92 93 93
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Table 3. Classification of blood pressure in children and adoles-
cents (reproduced from reference #1, with permission).

Percentile for systolic and/or
diastolic blood pressure

Normal
High-normal

<90th percentile

>90th and <95th percentile.
In adolescents >120/80 mmHg
even if <90th percentile

95th to 99th percentile plus

5 mmHg

>99th percentile plus 5 mmHg

Hypertension stage 1

Hypertension stage 2

“white-coat hypertension” (elevated office and low
ambulatory blood pressure), “masked hypertension”
(low office and elevated ambulatory blood pressure),
and the “non-dipping” pattern (nighttime blood pres-
sure declines by less than 10% compared to daytime
levels)."182225 An ambulatory blood pressure moni-
tor that has been validated in children should be se-
lected, together with a cuff of appropriate size ac-
cording to the individual’s arm circumference. Few
ambulatory monitors have been successfully validated
in children (lists of validated devices may be found at
www.dableducational.org and www.bhsoc.org). Am-
bulatory monitoring should be performed on a rou-
tine, preferably school day. The results are evaluated
by calculating the daytime and nighttime blood pres-
sure average. As in the case of office blood pressure
measurements, ambulatory blood pressure in children
is evaluated by using percentile normalcy tables ac-

cording to gender and height or age, which were de-
rived by a German study from 949 children aged 5-20
years (Table 4).!7* Daytime and/or nighttime am-
bulatory blood pressure values between the 90th and
95th percentile are considered as borderline, while

values above the 95th percentile suggest hyperten-
sion, L217:18.26

Home blood pressure monitoring

Data on the usefulness of home blood pressure moni-
toring in children are limited."'%*” However, there is
evidence that this method is being used in the evalu-
ation of children with hypertension.?® Preliminary
studies have shown that in children home monitoring
is useful in the detection of white-coat and masked
hypertension.!®?* Automated oscillometric devic-
es are preferred for home blood pressure monitor-
ing. Devices that have been successfully validated in
children should be used with a cuff size appropriate
for the individual’s arm size. Few automated devices
for home monitoring have been successfully validat-
ed in children (lists of validated devices may be found
at www.dableducational.org and www.bhsoc.org).
Wrist devices have not been validated in children and
should not be used.

Home blood pressure should be monitored on
6-7 routine school days, with duplicate morning and
evening measurements after 5 min sitting rest and
with one min between measurements.'?’ Single read-
ings have little diagnostic value and the average of all

Table 4. Percentiles for ambulatory blood pressure (systolic/diastolic) according to body height (reproduced from references #1, #17, &

#26, with permission).

Boys Girls
Daytime Nighttime Daytime Nighttime
Height (cm) 90th 95th 90th 95th 90th 95th 90th 95th

120 122/80 125/82 103/61 106/63 118/80 120/82 103/63 106/65
125 122/80 125/82 105/61 108/63 119/80 121/82 104/63 107/66
130 122/80 126/82 106/62 110/64 120/80 122/82 106/63 108/66
135 123/80 126/82 108/63 111/65 120/80 123/82 107/63 109/66
140 123/80 126/82 109/63 113/65 121/80 124/82 108/63 110/66
145 124/79 127/81 111/64 114/66 123/80 125/82 109/63 112/66
150 125/79 128/81 112/64 116/66 124/80 126/80 110/63 113/66
155 127/79 130/81 113/64 117/66 125/80 128/82 111/63 114/66
160 129/79 133/81 114/64 118/66 126/80 129/82 111/63 114/66
165 132/80 135/82 116/64 119/66 127/80 130/82 112/63 114/66
170 134/80 138/82 117/64 121/66 128/80 131/82 112/67 115/71
175 136/81 140/83 119/64 122/66 129/81 131/82 113/63 115/66
180 138/81 142/83 120/64 124/66 - - - -

185 140/81 144/84 122/66 125/66 - - - -
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measurements should be evaluated. As with office
and ambulatory measurements, percentile normalcy
tables, which have been derived from a Greek school
study of 778 children aged 6-18 years,'” are used to
evaluate home measurements, according to gender
and height (Table 5). Home blood pressure values
above the 95th percentile suggest hypertension.l’19
It should be noted that, in contrast to adults, whose
home blood pressure and daytime ambulatory blood
pressure have similar levels, children and adolescents
have a higher daytime ambulatory blood pressure
than home blood pressure, probably due to the high
level of physical activity of the young individuals dur-
ing the day.?"?

White-coat and masked hypertension

“White-coat” or “isolated office” hypertension is de-
fined as blood pressure that is elevated when mea-
sured in the office or clinic, while out-of-office blood
pressure assessed by ambulatory or home monitor-
ing is normal.!>2%2224 On the other hand, “masked
hypertension™ is the reverse phenomenon, and is de-
fined as blood pressure normal in the office and el-
evated out of the office."!8242530 Ag is the case in
adults, in children and adolescents the white-coat and
the masked hypertension phenomena are both not
uncommon. Although preliminary evidence suggests
that home blood pressure monitoring is useful for the
detection of these phenomena in children and adoles-
cents, at present 24-hour ambulatory blood pressure
monitoring is considered as an indispensable method
for these diagnoses. 118272930

The diagnosis of white-coat or masked hyper-
tension should be confirmed within several weeks or
months by repeat office and ambulatory blood pres-
sure measurements. Both phenomena might be asso-
ciated with preclinical target organ damage (left ven-

Table 5. Percentiles for home blood pressure (systolic/diastolic)
according to body height (reproduced from references #1 & #19,
with permission).

Boys Girls
Height (cm) 50th 95th 50th 95th
120-129 105/64 119/76 101/64 119/74
130-139 108/64 121/77 103/64 120/76
140-149 110/65 125/77 105/65 122/77
150-159 112/65 126/78 108/66 123/77
160-169 115/65 128/78 110/66 124/78
170-179 117/66 132/78 112/66 125/79
180-189 121/67 134/79 114/67 128/80

tricular hypertrophy), and therefore require careful
evaluation by specialized doctors in order to decide
whether drug treatment or follow up with non-phar-
macological measures is indicated.!182225-27

Clinical and laboratory evaluation

Children found to have blood pressure levels above
the 90th percentile should be evaluated with repeated
office and out-of-office measurements. If on repeat-
ed measurements blood pressure is below the 90th
percentile, no further evaluation is required. Chil-
dren with blood pressure between the 90th and 95th
percentile should be followed regularly and lifestyle
modification measures should be applied."* If blood
pressure exceeds the 95th percentile, evaluation is re-
quired as discussed below.

Medical history and physical examination

In all children with elevated blood pressure, it is es-
sential that detailed information be obtained on fam-
ily history related to hypertension (parents with hy-
pertension, cardiovascular disease, diabetes mellitus,
dyslipidemia, obesity, inherited renal or endocrine
disease).!">!? Information should also be obtained on
the child’s perinatal history (birthweight, months of
gestation, problems during pregnancy), history of re-
nal, cardiac, neurologic and endocrine disease, symp-
toms of secondary hypertension or target organ dam-
age, lifestyle (nutrition, physical activity), and the use
of drugs or other substances.'">'%!* Body height and
weight should be recorded to calculate the body mass
index percentile, and a complete physical examina-
tion should be performed with focus on the cardiovas-
cular system (blood pressure measurement on both
arms and a leg, cardiac murmurs), neural system, ab-
domen, and fundoscopy.

Laboratory investigation

Recommended tests for all children with suspected
hypertension include: full blood count, serum potassi-
um, sodium, calcium, urea, creatinine, glucose, lipids
(total cholesterol, high- and low-density cholesterol,
triglycerides), urinary albumin to creatinine ratio, and
microscopy, chest-X ray, electrocardiogram, echocar-
diography and kidney ultrasound.*!*

The possibility of secondary hypertension should
be considered in all children and adolescents with
confirmed hypertension. However, the extent of the
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evaluation should be individualized for each child. In
children with blood pressure slightly above the 95th
percentile, extensive evaluation for secondary hyper-
tension is usually not necessary, particularly in ado-
lescents with increased body weight and a family his-
tory of hypertension.!” On the other hand, children
with sustained blood pressure elevation above the
95th percentile and adolescents with blood pressure
above the 99th percentile, or with signs of target or-
gan damage or secondary hypertension, irrespective
of age, should be investigated for causes of second-
ary hypertension. This investigation includes com-
plex and costly tests (hormonal, invasive radiological,
nuclear scans, molecular genetics, etc.) and should be
performed in specialized centres.

Target organ damage

Hypertension in children and adolescents is not inno-
cent. However, its cardiovascular complications ap-
pear after years or decades, and in the vast majority
of cases they do not occur during childhood and ado-
lescence. On the other hand, subclinical target organ
damage is not uncommon in children with hyperten-
sion and can be identified using special techniques.

Echocardiography remains the best established
technique for the assessment of hypertension-in-
duced target organ damage in children.b>3132 Left
ventricular mass is calculated on the basis of echo-
cardiographic measurements of the left ventricle, us-
ing the Devereux formula.*® To standardize accord-
ing to body size, the left ventricular mass is divided
by height (m*7) to give the left ventricular mass in-
dex.’* The normal range of this index is uncertain
and is based on distribution criteria from relatively
small cross-sectional studies (threshold 95-99th per-
centile).? Left ventricular hypertrophy appears to
be present in about 20-40% of children and adoles-
cents with borderline or sustained primary hyperten-
sion.!*133:36 The presence of left ventricular hypertro-
phy is an indication for antihypertensive drug treat-
ment initiation.!> Therefore, all children with elevat-
ed blood pressure should be evaluated with echocar-
diography.'

Ultrasonic measurement of carotid intima—-media
thickness in children has been shown to be associated
with dyslipidemia and obesity, as well as with elevated
blood pressure, yet currently it is not recommended
for routine use in children with hypertension.' Esti-
mated glomerular filtration rate using the Schwartz
formula and measurement of the urinary albumin-to-
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creatinine ratio are reliable markers of renal damage
in children. In contrast, the role of microalbuminuria
in the evaluation of children with primary hyperten-
sion remains uncertain, although it often coexists with
left ventricular hypertrophy.' Fundoscopy is useful
for detecting early arterial damage, and it is of great
value in accelerated and malignant hypertension with
or without encephalopathy.

Management of hypertension

Treatment goals

In adults, the goal of antihypertensive treatment has
been established by large interventional outcome
studies with hard endpoints of morbidity and mortal-
ity. In contrast, in children and adolescents the goal
of antihypertensive treatment has been derived from
statistical criteria of distribution, as is the case for the
blood pressure thresholds for hypertension diagno-
sis. According to both the American and the Euro-
pean guidelines for pediatric hypertension, the goal
of treatment is to reduce blood pressure to below
the 95th percentile according to the individual’s gen-
der, age and height."* The European guidelines sug-
gest that “it is probably wiser and safer to aim at a
blood pressure <90th percentile”, given that a blood
pressure in the 90-95th percentile is not considered
as normal.! In children with chronic renal disease,”
diabetes mellitus,!* or hypertension-induced target-
organ damage,' the goal should be <90th percen-
tile. According to the European guidelines, children
with chronic renal disease should have a blood pres-
sure goal <75th percentile and in the presence of
proteinuria <50th percentile.! This recommendation
is based on the results of a recent study of 385 chil-
dren with chronic renal disease who were followed
for 5 years, which showed a significant nephroprotec-
tive effect of aggressive antihypertensive treatment
based on an angiotensin-converting enzyme inhibitor,
with concurrent regression of left ventricular hyper-
trophy.*’

Non-pharmacological measures — lifestyle modification

The evidence for the efficacy of non-pharmacologi-
cal measures in reducing blood pressure in children is
limited and relevant trials are ongoing. Nevertheless,
based on extrapolation of data from adults, it is rec-
ommended to apply such measures in children with
a high-normal blood pressure (90-95th percentile)
who are usually not treated with drugs, as well as in
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all children in whom long-term antihypertensive drug
treatment is administered.">!? In children with stage
1 hypertension without preclinical organ damage, ne-
phropathy or diabetes it is recommended to start with
non-pharmacological measures for several months
(up to one year) before initiating drug treatment."*!

Increased body weight is the most important pre-
dictor of elevated blood pressure in children and ap-
pears to be responsible for more than half of the cas-
es of hypertension in childhood.*>* Overweight and
obesity in children and adolescents is a major and
growing public health issue in several countries, and
is accompanied by an increased prevalence of hyper-
tension.*¢ In children and adolescents with a body
mass index above the 95th percentile, a gradual loss
of weight (1-2 kg per month) is recommended until
body mass index falls below the 85th percentile. Chil-
dren and adolescents with malignant obesity and tar-
get organ damage should be managed by a group of
specialists.

Physical exercise has a modest lowering effect
on blood pressure in children, and might also help in
the management of other cardiovascular risk factors,
such as obesity, diabetes and dyslipidemia. Moder-
ate to intense physical exercise is recommended for
at least 40 minutes, 3-5 times per week, and has been
shown to reduce blood pressure in obese children.!
In children with stage 2 hypertension strenuous ex-
ercise should be discouraged until the blood pressure
is reduced. In overweight children it is reasonable to
avoid sedentary activities for longer than 2 hours per
day. Participation in competitive sports should be re-
stricted only in the presence of uncontrolled stage 2
hypertension.!

There are limited data on the effect of dietary
changes upon blood pressure in children. However,
based on adult studies it is suggested to reduce the
consumption of sugar, refreshments, saturated fat
and salt. Dietary salt restriction is advised, with daily
sodium intake reduced to 1.2 g (corresponds to a dai-
ly salt intake of 3.1 g or 53 mEq/day) in 4-8 year old
children and 1.5 g in older children (salt intake of 3.8
g/day or 65 mEq/day).” A practical way is to start with
a no-added-salt diet. This also includes a reduction or
elimination of foods containing large amounts of salt
(e.g. potato chips, pickles, pretzels, cheese, processed
foods). Parents and care providers are encouraged
to read food package labels to determine the sodium
content of prepared foods and avoid those with a high
salt content. An increase in the consumption of fruits,
vegetables, fiber, and low-fat dairy products should

be encouraged. Concomitant dyslipidemia should be
effectively managed, and alcohol as well as smoking
should be avoided (including passive smoking).*®

Antihypertensive drug treatment’23%-5"

The initiation of long-term drug treatment for hyper-
tension in children is a hard decision. Careful confir-
mation of diagnosis is essential, as well as an evalua-
tion of all relevant parameters and exhaustion of the
potential of non-pharmacological measures. It should
be mentioned, however, that hypertension in children
causes asymptomatic target organ damage, and treat-
ment initiation should not be delayed until such dam-
age occurs.

As mentioned above, children and adolescents
with high-normal blood pressure (90th-95th percen-
tile) should not receive antihypertensive drug treat-
ment, but should be regularly followed, with the ap-
plication of non-pharmacological measures. Blood
pressure should be monitored every 3-6 months, and
after one year of follow up ambulatory blood pressure
monitoring should be repeated before further deci-
sion making.!-»16:18:40

Children with hypertension (blood pressure above
the 95th percentile) and target organ damage, dia-
betes, nephropathy, secondary hypertension, or life-
threatening hypertension should start treatment im-
mediately after the confirmation of diagnosis.'* More-
over, in all cases with persistent hypertension despite
lifestyle modification for several months (up to a year),
drug treatment initiation is reccommended.'* Lifestyle
modification should be continued after the initiation
of drug treatment. There is evidence that nonpharma-
cological and pharmacological therapy in children and
adolescents can lead to regression of left ventricular
hypertrophy, which is associated with a decrease in ab-
dominal obesity.*’

Antihypertensive treatment in children should
always start with one drug at a low dosage."? If af-
ter several weeks (usually 4-8) blood pressure is not
sufficiently decreased, up-titration is recommended.
When the blood pressure response is minimal or ad-
verse reactions are observed, it is recommended that
the first drug should be replaced with another of a
different class.

In general, antihypertensive drugs have not been
adequately investigated in children. Thus, their use
is mainly based on extrapolation of data from adults.
In recent years, efforts have been made by regulatory
authorities in the US and Europe, aiming at a more
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thorough investigation of antihypertensive drugs in
children. As in adults, the first line antihypertensive
drugs in children are angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers, beta-block-
ers, calcium-channel blockers and thiazide diuret-
ics. 12351 A few comparative trials of these drugs
have been conducted in children and showed that
they have similar antihypertensive efficacy.**' A re-
view of 27 pediatric studies reported similar antihy-
pertensive effects of angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers and calci-
um-channel blockers.*! However, in children with
proteinuria, angiotensin-converting enzyme inhibi-
tors and angiotensin-receptor blockers were superior
to calcium-channel blockers in reducing the protein-
uria.***! Regression of left ventricular hypertrophy
has been reported in children treated with an angio-
tensin-converting enzyme inhibitor or an angiotensin-
receptor blocker, combined with a calcium-channel
blocker when required.>” The recommended doses of
selected antihypertensive drugs for treatment initia-
tion in children and adolescents are presented in Ta-
ble 6.1:239-51

From each drug class the best studied agents are
preferred. As in adults, the choice of drug is individ-
ualized according to the presence of specific condi-
tions, such as nephropathy, diabetes, etc. In general,
the antihypertensive drugs in children are effective at
lower doses than those used in adults.

Beta-blockers?-239,40,42-46

Propranolol, atenolol and metoprolol are the best
studied beta-blockers in children, mainly for indica-
tions other than hypertension. They are generally well
tolerated, with a discontinuation rate of 5%. They are
first choice drugs in aortic coarctation and in heart
failure. Asthma is a contraindication for their use.
Relatively common adverse effects are fatigue and
bradycardia.

Angiotensin-converting enzyme inhibitors™%3%3%41.46-49

Captopril is the most studied drug of this class in
children. There are also trials with enalapril, lisino-
pril, fosinopril, and recently with ramipril, in children
with nephropathy. They have a potent antiproteinuric
and nephroprotective effect, and are considered first
choice drugs in chronic nephropathy, diabetes melli-
tus and heart failure. They are contraindicated in bi-
lateral renal artery stenosis, in unilateral renal artery
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stenosis in subjects with a single kidney, in severe hy-
perkalemia, and in pregnancy (in girls with childbear-
ing potential they should be prescribed only when an
effective contraceptive method is being used). The
most common adverse effect is dry cough and the
most severe but rare adverse effect is angioedema.
When administered in children treated with diuretics,
the latter should be discontinued for 2-3 days to pre-
vent a hypotensive episode.

Angiotensin-receptor blockers??3%41:4%:50

Studies in children with hypertension been have re-
cently conducted with losartan, valsartan, irbesartan
and olmesartan. These drugs exhibit a strong antipro-
teinuric effect, stronger than calcium-channel block-
ers, and independent from their blood pressure-low-
ering effect. Like angiotensin-converting enzyme in-
hibitors, they are considered as first choice drugs in
chronic nephropathy, diabetes mellitus and heart fail-
ure, and are contraindicated in bilateral renal artery
stenosis, in unilateral renal artery stenosis in subjects
with a single kidney, in severe hyperkalemia, and in
pregnancy (in girls with childbearing potential they
should be prescribed only when an effective contra-
ceptive method is being used). They have an excellent
adverse effect profile, comparable to that of placebo.
When administered in children treated with diuretics,
the latter should be discontinued for 2-3 days to pre-
vent a hypotensive episode.

Calcium-channel blockers"%3%-41:46.51

Amlodipine is the most well studied agent and few
data are available for nifedipine, felodipine, isradip-
ine or verapamil. They are preferred drugs in renal
transplant recipients and are contraindicated in heart
failure. The most common adverse effect is ankle
edema, which is due to vasodilation, does not respond
to diuretics and is reduced with the co-administration
of angiotensin-converting enzyme inhibitors or angio-
tensin-receptor blockers. They can also cause gingi-
val hypertrophy. Diltiazem and verapamil may cause
bradycardia and constipation (mostly verapamil) and
have a negative inotropic effect.

Other degS 1,2,39,40,42-46

Thiazide diuretics, centrally acting antiadrenergic
agents, al-blockers and direct vasodilators have been
used in children for a long time, yet very few studies
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Table 6. Recommended doses of antihypertensive drugs in children and adolescents. >3-
Drug class Drug Children and adolescents (6-18 years)* Adults*
Dose Max dose Doses/day Dose Doses/day
(mg/kg/day) (mg/day) (mg/day)
Diuretics Hydrochlorothiazide 0.5-1 50 (3 mg/kg/d) 1 12.5-50 1
Chlorthalidone 0.3 25 (2 mg/kg/d) 1 12.5-25 1
Furosemide 0.5-2 mg/kg/dose 6 mg/kg/dose 1-2 20-80 2
Amiloride 0.4-0.625 10 1 1.25-10 1
Spironolactone 1.0-3.3 50 1 12.5-50 1
Calcium- Amlodipine Initial 0.06; up to 0.3 2.5-5 1 25.10 1
channel Maintenance 2.5-5° 10 1 T
blockers Felodipine 2.57 10 1 2.5-20 1
Isradipine IR initial 0.05-0.15 mg/kg/dose;
- IR 3
up to 0.2 mg/kg/day
IR usual 0.3-0.4 mg/kg/d 10 (0.8 mg/kg/d) IR 3 25-10 2
ER 5-10° 10 ER 1-2
Nifedipine 0.25-0.5 60 (3 mg/kg/d) 1,ER 2, 30-60 1, ER 2,
CR1 CR3
Angiotensin-  Captopril 0.3-0.5 mg/kg/dose 6 mg/kg/d 2-3
converting Adolescents: 12.5-25 mg/dose 100 2-3 25-100 2
enzyme Benazepril Initial 0.2 10 1
inhibitors Maintenance 0.2-06 40 1 10-40 1-2
Enalapril Initial 0.08 5 1
Maintenance 0.2-0.6 or 2.5-5" 40 1 3-40 1-2
Fosinopril >50 kg: 5-107 (<50 kg not
established) U . 10-40 1
Lisinopril 6-12 years: initial 0.07 (increase 5
up to 0.0) 1 10-40 1
Maintenance 0.2-0.6 or 5-107 40
Quinapril Initial 5-10° 40 1 10-40 1
Ramipril 2.5-6" 10 1 5-10 1
Angiotensin-  Candesartan 0.16-0.5 1-2
receptor Maintenance 2-167 = 1 B E
blockers Irbesartan 6-12 years: initial 75" 150 1 150-300 1
>12 years: initial 150 300 1 i
Losartan Initial 0.7 25-50 1
. " 25-100 1
Maintenance 25-100 100 (1.4 mg/kg/d) 1
Olmesartan 20-35 kg: 107 20 1
>35 kg: 20° 40 1 20-40 1
Valsartan Initial 1.3 40 1
Maintenance 2 160 1 Sl L
Beta-blockers ~ Atenolol 0.5-1; Maintenance 0.5-1.5 100 (2 mg/kg/d) 1-2 25-100 1
Bisoprolol 2.57 10 1 2.5-10 1
Metoprolol IR: initial 1-2 - IR2
' ER: 1mt1fil 0.5-1 50 ER 1 50-100 12
Maintenance adjustment based 100 (6 d
on response (6 mg/kg/day)
Propranolol Initial 1-2; Maintenance 1-5 160 (4 mg/kg/day) 2-3 40-180 2,ER 1
Peripheral Doxazosin 17 (unlabeled use) 4 1 1-16 1
Alpha-1 Prazosin Initial: 0.05-01 15 (0.5 mg/kg/day) 3 2-20 23
blockers Terazosin Initial: 17 20 1 1-20 1-2
Central alpha  Clonidine* 6-12 years: initial 5-10 mcg/kg/d - 2-3
agonists Maintenance 5-25 mcg/kg/d 0.8 2-3
>12 years: initial 0.2 - 2 0.1-0.8 2
Maintenance 0.2-0.6" 0.8 2

*The total daily dose should not exceed the maximum recommended dose for adults, which is also provided to facilitate adolescent dosage manipulation.
fdose in mg/day. *Sudden cessation can lead to severe rebound hypertension. IR — immediate release; ER — extended release; CR — controlled release.
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have been conducted with these drugs, mainly involv-
ing the empirical use of thiazides. Potassium-sparing
diuretics are recommended in primary aldosteronism
and contraindicated in renal failure. Loop diuretics
are useful in renal and heart failure.

Drug combinations’-3%434446

A combination of antihypertensive agents is often
required in order to achieve optimal blood pressure
control in children, particularly in the presence of ne-
phropathy. The combination of two drugs at low dos-
es is often more effective and has fewer adverse ef-
fects than a single drug at full dose. In general, free
rather than fixed dose combinations are preferred
to allow individualized treatment selection. Howev-
er, fixed combinations are preferred in adolescents
in order to improve long-term compliance with treat-
ment. There are no studies of drug combinations in
children. Therefore, decision making regarding com-
bination therapy is based on the available evidence in
adults. The preferred combinations should probably
be those of an angiotensin-converting enzyme inhibi-
tor or an angiotensin-receptor blocker with a calcium-
channel blocker or a thiazide diuretic.

Long-term monitoring?

In the vast majority of cases treatment is lifelong and
regular follow up is needed, usually 1-2 times per
year. The simplification of the treatment regimen
(once-daily 24-hour-acting drugs and fixed-dose com-
binations when monotherapy fails to control blood
pressure) and home blood pressure self-monitoring
may improve long-term compliance with treatment,
particularly in adolescents. Regular monitoring is al-
so required for other modifiable cardiovascular risk
factors (body weight, dyslipidemia, diabetes mellitus,
smoking), as well as dietary habits and physical activ-
ity (see non-pharmacological treatment).
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