
Hypertension in Children and
Adolescents
Karl Schä rer

The in ter est in ar te rial hy per ten sion on the

part of pe di a tri cians has tra di tion ally been

rather lim ited, one rea son be ing that in volve -

ment of tar get or gans was rec og nized only re -

cently in chil dren and ad o les cents. This sit u a -

tion has changed over the last 10 – 20 years.

The in cor po ra tion of blood pres sure mea sure -

ments in rou tine pe di at ric ex am i na tion and the

ex pan sion of ac cu rate blood pres sure mon i tor -

ing equip ment have fa cil i tated the de tec tion

and eval u a tion of child hood hy per ten sion. The 

con cept that pri mary (es sen tial) hy per ten sion

in adults has its root in child hood has en -

forced the idea of early pre ven tion by reg u lar

blood pres sure screen ing [35]. In ad di tion,

the in creas ing sur vival of pe di at ric pa tients

with chronic dis or ders as so ci ated with hy per -

ten sion such as aor tic coarctation or end-

 stage re nal dis ease (ESRD) has en gaged an in -

creas ing num ber of pe di a tri cians, es pe cially

pe di at ric nephrologists. Fi nally, new anti -

hypertensive drugs avail able for chil dren have

improved the man age ment of hy per ten sive

chil dren. The grow ing in ter est in this topic is

doc u mented by a num ber of re cent meet ings

and an ex pand ing bib li og ra phy on ju ve nile

hy per ten sion [11, 49, 74, 84, 91a, 94, 100,

108, 120, 128].

Measurement of Blood
Pressure in Children

Re li able tech niques for blood pres sure

mea sure ment are an im por tant pre con di tion

for han dling hy per ten sive chil dren. Sev eral

fac tors have been iden ti fied to ex plain vari a -

tions of blood pres sure in the same child at

dif fer ent times. Some of these are in trin sic

(e.g. cir ca dian rhythms), while oth ers are ex -

og e nous (e.g. in duced by ex er cise). Taking

sim ple pre cau tions may re duce vari a tions in

blood pres sure read ings in chil dren. Al -

though the tech nique of blood pres sure mea -

sure ment to day is fairly stan dard ized in this

age group, it is of ten dif fi cult in clin i cal prac -

tice to fol low pro posed guide lines. The fol -

low ing guide lines, based mainly on Eu ro pean 

ex pe ri ence [94, 96, 109], de vi ate in some

points from Amer i can guide lines [15].

Blood pres sure mea sure ments in chil dren

re quire a great amount of pa tience, es pe cially

in in fants and tod dlers. Af ter the child is suf fi -

ciently re laxed, a rest ing time of at least 5

min utes should be ob served be fore mea sure -

ment. Al though in most ep i de mi o log i cal

stud ies chil dren were ex am ined in sit ting po -

si tion, in clin i cal prac tice the su pine po si tion

might be pre ferred for mea sure ments in

young, rest less chil dren.

The two con ven tional non in va sive tech -

niques to de ter mine ca sual (ran dom) blood

pres sure in chil dren are sphygmomanometry

and oscillometry. Both re quire a cuff blad der

that must be adapted to the size of the child

[47]. If the cuff is too large, in ap pro pri ately

low read ings are ob tained and vice versa. As a 

rule, the larg est cuff that can com fort ably be

ap plied should be used, and its in flat able part

should cover about 2/3 of the up per arm’s cir -

cum fer ence. Usu ally a blad der width of 8 cm

Mal lu che et al.  -  Cli ni cal Nephro lo gy, Dia ly sis and Trans plan ta tion  -  I-25 - Up da te 2 (2005) 1

5
2.I

Mal lu che et al.  -  Cli ni cal Nephro lo gy, Dia ly sis and Trans plan ta tion  -  I-25 - Up da te 2 (2005)



is suit able for small chil dren and a width of

12 – 14 cm (adult size) is re quired for older

chil dren and ad o les cents. Un for tu nately, the

com mer cially avail able cuffs for pe di at ric use 

are het er o ge neous among dif fer ent man u fac -

tur ers [5].

In older chil dren, sphygmomanometry is

the method of choice. Auscultation of the first 

Korotkoff sounds cor re sponds to the sys tolic

blood pres sure, and dis ap pear ance of the

sounds to di a stolic blood pres sure [84, 96]. If

the value at the fifth phase is close to zero, al -

though it rarely oc curs, the mea sure ment

should be re peated. If this gives a sim i lar

value, phase 4 should be used [96]. In prac tice 

the dif fer ence be tween the fig ures ob tained

by ac cept ing the two dif fer ent phases is min i -

mal.

Oscillometric meth ods by ap ply ing au to -

matic de vices (e.g. Dinamap) have be come

pop u lar mainly in in fants and small chil dren

be cause pulse de tec tion by auscultation, as

used in sphygmomanometry, is of ten trou ble -

some [89]. Sys tolic and di a stolic blood pres -

sure is cal cu lated by the de vice as a func tion

of the mean ar te rial presssure, which is the

point of max i mal os cil la tion. Al though

oscillometric de vices re duce ob server bias,

only a few in stru ments have been val i dated in

chil dren [61]. Mea sure ments ob tained by

con ven tional sphygmomanometry and os cil -

lometry should not be used in ter change ably.

At pres ent, only lim ited nor ma tive blood

pres sure data are avail able in chil dren. There -

fore, fur ther stud ies are needed be fore aus -

cultatory meth ods can be elim i nated [21].

The pe di at ric ex pe ri ence with other novel

tech niques to de ter mine blood pres sure non-

 invasively is still lim ited in chil dren [130].

Noninvasive, re pet i tive blood pres sure

mea sure ments over 24 hours, through the use

of au to mated mon i tors, have also been suc -

cess fully ap plied in chil dren dur ing nor mal

phys i cal ac tiv ity [8, 15, 75]. Am bu la tory

blood pres sure mon i tor ing (ABPM) proved

to be fea si ble and re li able, even in small chil -

dren [40]. In many cen ters, it has be come a

stan dard pro ce dure to fol low chil dren and ad -

o les cents with sus pected or proven hyper -

tension. Var i ous types of au to matic de vices

have been ap plied. Most pe di at ric ex pe ri ence

is based on oscillometric mon i tors (e.g.

SpaceLabs 90207). The main ad van tage of

ABPM com pared to ca sual blood pres sure re -

cord ings is a re li able as sess ment of the cir ca -

dian vari a tions of blood pres sure that ap pear

to have prog nos tic sig nif i cance, es pe cially in

pa tients with re nal dis or ders [131]. ABPM

also seems to be a sen si tive tool to dif fer en ti -

ate the de ter mi nants of pri mary hy per ten sion

and to de tect early in cip i ent hy per ten sion in

re nal dis or ders [73]. The op ti mal method to

eval u ate rhythmicity of ABPM data is still de -

bated.

Normal Blood Pressure
Standards

In nor mal chil dren there is a con sis tent in -

crease of sys tolic and di a stolic ca sual blood

pres sure with age, height, and weight [63].

There fore, ex pres sion of blood pres sure data

in pe di at ric pop u la tions must be based on per -

cen tiles re lated to these vari ables. Full-term

new borns have a mean sys tolic blood pres -

sure of only 70 mmHg, which rap idly rises in

the first months of life. In pre ma ture in fants

the rise of blood pres sure lev els is more rapid

than in term in fants [41]. The rapid rise of

blood pres sure dur ing in fancy and pu berty

(es pe cially in males) seems to be re lated to in -

creased growth and hor monal changes.

Com bined ma te rial from many ep i de mi o -

log i cal stud ies per formed in the US [84, 103]

and Eu rope [31] pro vides rep re sen ta tive
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sex-related ref er ence charts for ca sual blood

pres sure mea sured by sphygmomanometry in 

nor mal chil dren and ad o les cents, al though

these are mainly based on cross-sectional

stud ies.

For es ti mat ing a child’s phys i o log i cal

blood pres sure, body height ap pears to be a

better in di ca tor than age or weight [135].

Con se quently, tall chil dren are al lowed rel a -

tively higher nor mal blood pres sure val ues

when re lated to height rather than to age. The

Eu ro pean centile charts have re lated blood

pres sure to both age and height [31] (Fig ure

1). Re cently pooled Amer i can data give the

90th and 95th per cen tiles of sys tolic and di a -

stolic blood pres sure by per cen tile of height

[84] (Ta ble 1).

Rep re sen ta tive ref er ence data for ABPM

have only re cently be come avail able in chil -

dren and ad o les cents [51, 97, 98]. A multi -

center study from Ger many pro vided height-

 related centile charts for day time, night time,
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Ta ble 1. 95th percentile of systolic/diastolic blood pressure (in mmHg) in North Amer i can boys and girls
aged 3 – 16 years according to height percentile (ex tracted from [84]).

AGE BOYS GIRLS
(years) 5th 50th 95th 5th 50th 95th

(me di an) (me di an)

3 104/63 109/65 113/67 104/65 107/66 110/68
6 109/72 114/74 117/76 108/71 111/73 114/75
10 114/77 119/80 123/82 116/77 119/78 122/80
13 121/79 126/82 130/84 121/80 125/82 128/84
16 129/83 134/85 138/87 125/83 128/84 132/86

Fig ure 1. Height-specific per cen tiles of sys tolic and di a stolic blood pres sure in boys and girls. Adapted from
de Man et al., J Hypertens 9: 112, 1991 [31]. Used with per mis sion.



and 24-hour blood pres sure ob tained from

more than 1100 boys and girls [123]. Com -

pared to stan dards for ca sual blood pres sure

[31, 84] sys tolic day time ABPM val ues in -

creased only mod er ately with height; di a -

stolic blood pres sure re mained al most the

same, in de pend ent of height (Ta ble 2, Fig ure

2). For sys tolic blood pres sure the 95th

centile of day time val ues ob tained by ABPM

was higher than ca sual blood pres sure in

small chil dren, but lower in tall Eu ro pean

chil dren. Di a stolic ABPM val ues at day time

ex ceeded ca sual blood pres sure by > 10

mmHg in the small est height groups. The rea -

sons for the vari able re sults are not yet clear.

Sys tolic and di a stolic blood pres sures re -

corded at night (from mid night to 6 a.m.) are

13 ± 6% and 23 ±  9% lower than blood pres -

sure mea sured from 8 a.m. to 8 p.m., re spec -

tively [123]. For eas ier eval u a tion, these

ABPM data may be ex pressed as SD scores

af ter cor rec tion of their skewed dis tri bu tion

us ing a new sta tis ti cal tool [140].

Definition and Prevalence
of Hypertension

Many ep i de mi o log i cal stud ies in nor mal

chil dren tried to de fine a patho log i cal blood

pres sure range, which is still de bated [15].

Sys tolic and di a stolic val ues be low the 95th

centile are con sid ered as nor mal. Child hood

hy per ten sion is de fined as (ca sual) sys tolic

and/or di a stolic blood pres sure greater than or 

equal to the 95th centile, if con firmed by

two further ex am i na tions [84, 96]. Blood

pres sure read ings tend to de crease with re -

peated mea sure ments in the same child, be -

cause chil dren ac com mo date to the mea sure -
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Ta ble 2. Oscillometric mean ambulatory blood pressure values in healthy children: summary for clinical
use. Used with permission.

Height        Per cen tile for         Day time         Night time
in cm (n)     24-hour pe riod         per cen tile*          per cen tile

50th 95th 50th 95th 50th 95th

Boys
120 (33) 105/65 113/72 112/73 123/85 95/55  104/63
130 (62) 105/65 117/75 113/73 125/85 96/55  107/65
140 (102) 107/65 121/77 114/73 127/85 97/55  110/67
150 (108) 109/66 124/78 115/73 129/85 99/56  113/67
160 (115) 112/66 126/78 118/73 132/85 102/56  116/67
170 (83) 115/67 128/77 121/73 135/85 104/56  119/67
180 (69) 120/67 130/77 124/73 137/85 107/56  122/67

Girls
120 (40) 103/65 113/73 111/72 120/84 96/55  107/66
130 (58) 105/66 117/75 112/72 124/84 97/55  109/66
140 (70) 108/66 120/76 114/72 127/84 98/55  111/66
150 (111) 110/66 122/76 115/73 129/84 99/55  112/66
160 (156) 111/66 124/76 116/73 131/84 100/55  113/66
170 (109) 112/66 124/76 118/74 131/84 101/55  113/66
180 (25) 113/66 124/76 120/74 131/84 103/55  114/66

* = Day time 8 a.m. to 8 p.m., Mid night to 6 a.m. [123].
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Fig ure 2a. Day time and night time sys tolic blood pres sure means re lated to height in boys and in girls for the
10th, 50th and 95th per cen tiles. Adapted from [123] p 180. Used with per mis sion.

Fig ure 2b. Day time and night time di a stolic blood pres sure means re lated to height in boys and in girls for the
10th, 50th and 95th per cen tiles. Adapted from [123] p 181. Used with per mis sion.



ment pro ce dure and also be cause of the sta tis -

ti cal phe nom e non of re gres sion to wards the

mean [120]. There fore, only about 1% of the

child hood pop u la tion ap pears to have sig nif i -

cant per sis tent hy per ten sion, i.e. a blood pres -

sure level above which med i cal eval u a tion

and  intervention are rec om mended. French

re search ers have de fined es tab lished hy per -

ten sion as a sys tolic and/or di a stolic blood

pres sure 10 – 30 mmHg above the height- and 

sex-related 97.5th centile, if ver i fied on three

 occasions. Values > 30 mmHg above the

97.5th per cen tile would cor re spond to im me -

di ately threat en ing hy per ten sion [4]. For

older ad o les cents an up per nor mal limit of

140/90 mmHg is usu ally ac cepted as nor mal.

It is ex pected that in the fu ture the ap pli ca tion

of ABPM and pro longed fol low-up stud ies

will al low a better dis tinc tion be tween nor mal 

blood pres sure and clin i cally rel e vant hy per -

ten sion.

Primary Hypertension

Early stud ies were chiefly cen tered on se -

vere cases of child hood hy per ten sion that

usu ally are sec ond ary to de fined or gan dis or -

ders. The con cept was ad vanced that pri mary

(es sen tial) hy per ten sion orig i nates in child -

hood [14]. Al though early mild es sen tial hy -

per ten sion poses lit tle im me di ate risk to chil -

dren, the find ings of left ven tric u lar hy per tro -

phy (LVH) and hemodynamic changes are

con sis tent with an ad verse ef fect be fore adult -

hood [26]. Many ep i de mi o log i cal stud ies

have dem on strated that the ini tial blood pres -

sure of an in di vid ual child is the most pow er -

ful pre dic tor of pri mary hy per ten sion [129].

How ever, the ten dency of blood pres sure to

“track”, i.e., to re main within a given age-

 related centile over a lon ger pe riod of time, is

less marked in nor mal chil dren than in adults.

Track ing cor re la tions of child hood (above

1 year of age) with adult lev els of sys tolic and

di a stolic blood pres sure range from 0.21 to

0.39 and from 0.11 to 0.50, re spec tively [65].

There fore, a con fi dent pre dic tion of fu ture

blood pres sure can not be made for in di vid ual

sub jects, es pe cially those in early child hood.

Se rial mea sure ments over years might better

iden tify chil dren at risk for pri mary hy per ten -

sion [10, 44], es pe cially with re spect to eth nic 

dif fer ences of blood pres sure changes [30].

Ex cept for age and body size, a num ber of

other de ter mi nants of blood pres sure have

been iden ti fied in chil dren that may in flu ence

the ex pres sion of pri mary hy per ten sion: heart

rate, gen der, race, bi o log i cal mat u ra tion (pu -

berty), so cial class, ge netic fac tors, nu tri tion,

and some other ex og e nous fac tors [15, 129].

Ge netic fac tors seem to play a ma jor role in

the de ter mi na tion of blood pres sure lev els

dur ing child hood [56, 114, 115]. Ex per i men -

tal in ves ti ga tions and nu mer ous fam ily, twin,

and adop tion stud ies have sup ported this con -

cept. Fam ily ag gre ga tion of blood pres sure

was es pe cially con vinc ing in a Min ne ap o lis

study which showed that pres sure val ues of

chil dren were per sis tently higher in the pres -

ence of a fam ily his tory of hy per ten sion [83].

In ad di tion, mo lec u lar ge netic stud ies have

sup ported the idea that pri mary hy per ten sion

has a he red i tary back ground. Monogenic

forms of he red i tary hy per ten sion ap par ently

are rare (see Chap ter I-20 by Luft F.C.: Es sen -

tial Hypertension). Studies us ing mark ers ad -

ja cent to the renin lo cus and the an gio ten -

sin-converting en zyme (ACE) lo cus failed to

find sig nif i cant as so ci a tions be tween blood

pres sure in sib lings with pri mary hy per ten -

sion, but pos si bly a link ex ists be tween the

angiotensinogen gene lo cus and hy per ten -

sion. Ge netically de ter mined mech a nisms re -

lated to blood pres sure con trol in clude eryth -

ro cyte mem brane trans port, kallikrein ex cre -

tion, and the com bined oc cur rence of hy per -
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ten sion, hyperlipidemia, and in su lin re sis -

tance (met a bolic syn drome). Al though rec -

og ni tion of the ge netic de ter mi nants of blood

pres sure may help iden tify high-risk chil dren, 

it is not yet a suit able tool for pre ven tion of

hy per ten sion [44].

Among nu tri tional fac tors de ter min ing

blood pres sure lev els, the im pact of salt in -

take is still con tro ver sial in man [15, 118].

Var i ous pop u la tion stud ies have shown a re la -

tion ship be tween salt in take and prev a lence

of es sen tial hy per ten sion. In pop u la tions with 

ex tremely low so dium in take from birth on

(e.g. New Guinea), blood pres sure does not

rise with age and pri mary hy per ten sion is vir -

tu ally ab sent, as dem on strated by the In ter na -

tional Co op er a tive Intersalt Study. Re duced

ex po sure to salt dur ing in fancy in West ern so -

ci et ies leads to an at ten u ated in crease of

blood pres sure in the first 6 months of life.

How ever, low salt in take in the first months of 

life has no in flu ence on blood pres sure lev els

at 8 years of age [56]. It ap pears pos si ble, but

has not been proven by ep i de mi o log i cal stud -

ies, that main te nance of low salt in take in

older in fants and chil dren would re sult in a

lower pro por tion of adults with pri mary hy -

per ten sion [44]. Clin i cal tri als with di etary

salt re stric tion have so far been con tro ver sial

in chil dren and ad o les cents [15].

High po tas sium in take ap pears to pro tect

against the de vel op ment of hy per ten sion in

lab o ra tory an i mals, while con tra dic tory re sults 

have been re ported from interventional stud ies 

in hu mans [70]. In a long-term ob ser va tion of

chil dren aged 15 – 17 years ex tend ing over

seven years, the slope of blood pres sure in -

crease was in versely re lated to the uri nary ex -

cre tion of po tas sium [39]. How ever, other ep i -

de mi o log i cal stud ies were not con clu sive in at -

trib ut ing any role to po tas sium for blood pres -

sure reg u la tion in child hood [118, 122].

The same is true re gard ing cal cium in take,

al though a re cent in ves ti ga tion has dem on -

strated a small low er ing ef fect on blood pres -

sure by in creased di etary cal cium in pre -

school chil dren [45].

The in flu ence of di etary fat in take on blood

pres sure is con tro ver sial. Low fat in take and

high ra tios of poly un sat u rated to sat u rated

(P/S) fatty ac ids have been as so ci ated with

low blood pres sure in hu mans. How ever, an

in ter ven tion study in healthy teen ag ers failed

to con firm an ef fect of in creas ing nu tri tional

P/S ra tios on blood pres sure [44].

In creased body fat (obe sity) is one of the

most im por tant pre dic tors of high blood pres -

sure, es pe cially when it in volves the cen tral

com pared to the pe riph eral com part ment.

Chil dren with rel a tively high body size have

el e vated blood pres sure lev els com pared to

their slen der peers. The Bogalusa Study

showed a 5 – 7 kg in crease in body weight in a

co hort of nor mal chil dren aged 7 – 9 years

who were fol lowed from 1973 – 1981 com -

pared to a sec ond co hort ex am ined from

1984 – 1992 [42]. This rel a tive in crease in

weight was as so ci ated with ad verse changes

in se rum lipid and li po pro tein lev els and with

an in creased fi nal sys tolic blood pres sure. It

seems, there fore, that the sec u lar trend to ward

obe sity induces an ex ag ger ated car dio vas cu -

lar risk for ad o les cents. Fac tors con trib ut ing

to the sec u lar trend for rel a tive obe sity seem

to be a more sed en tary life style and higher

avail abil ity of food.

An in flu ence of ma ter nal nu tri tion on child -

hood blood pres sure and later car dio vas cu lar

risk has been sus pected be cause a cor re la tion

was found be tween the lat ter and ma ter nal stat -

ure, birth weight, and pla cen tal weight. How -

ever, the ab sence of con sis tent re la tion ships

be tween so cial fac tors and blood pres sure in

the off spring pro vides lit tle sup port for the hy -

poth e sis that ma ter nal diet has an im por tant in -

flu ence on car dio vas cu lar risk fac tors in child -

hood [138]. The fe tal in flu ences on adult blood 

pres sure re quire fur ther in ves ti ga tion [66].
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Phys i cal ac tiv ity has long been claimed to

re duce blood pres sure. It is un clear if it acts

only by re duc ing body weight. Studies in

healthy pre school chil dren do not con firm the

fa vor able in flu ence of phys i cal ac tiv ity in

adults [60]. There is no doubt, how ever, that

high phys i cal ac tiv ity in child hood pre dicts

later ac tiv ity in adult life with con se quent

ben e fits on car dio vas cu lar mor bid ity.

Among ex og e nous fac tors re lated to hy per -

ten sion, the role of al co hol con sump tion and

smok ing has not been clar i fied in ad o les -

cence. A Brit ish study found that the on set of

smok ing by age 10 or later was re lated to low

di a stolic blood pres sure at age 10 [22].

Secondary Hypertension

The spec trum of sec ond ary hy per ten sion in

chil dren and ad o les cents com prises a large

num ber of re nal, car dio vas cu lar, en do crine,

cen tral ner vous sys tem (CNS), and iat ro genic 

dis eases [49, 128]. Up to the age of ad o les -

cence, sec ond ary forms of hy per ten sion pre -

vail, while most ad o les cents pres ent with

mild es sen tial hy per ten sion.

Acute tran sient forms of sec ond ary hy per -

ten sion may be dis tin guished from chronic

per sis tent forms. In both forms re nal dis or -

ders pre dom i nate.

Transient Hypertension

Renal Disorders

Acute postinfectious glomerulonephritis

(GN) is as so ci ated with ini tial hy per ten sion in 

about half of pe di at ric pa tients [16]. Our own

ex pe ri ence in 150 chil dren with this dis or der

showed a prev a lence of hy per ten sion of 59%

at on set with a rapid im prove ment within 1 to

2 weeks, re sult ing in a fre quency of only 2%

af ter 6 years of ob ser va tion [110]. Hy per ten -

sion is usu ally mild in id io pathic nephrotic

syn drome re spond ing to ste roid treat ment and 

as so ci ated with min i mal glo mer u lar le sions

[62]. Tran sient hy per ten sion is also fre quently

ob served in other acute glo mer u lar dis or ders,

such as Henoch-Schönlein ne phri tis [139]

and hemolytic-uremic syn drome (HUS). In

vas cu lar forms of microangiopathy as so ci -

ated with HUS, af fect ing mainly the me -

dium-sized re nal ar ter ies, hy per ten sion is more 

se vere and more of ten per sists com pared to

glo mer u lar microangiopathy [50]. Var i ous

other dis or ders lead ing to acute re nal fail ure

(ARF) in in fancy and child hood are ac com pa -

nied by a tran sient rise in blood pres sure, de -

pend ing on the de gree of re nal dys func tion.

Nonrenal Disorders

Tran sient hy per ten sion was de scribed in

chil dren with in creased intracranial pres sure

[59], con vul sions, and other acute con di tions

of the cen tral and pe riph eral ner vous sys tem

[49]. Its pathogenesis is still poorly un der -

stood. An other un ex plained type of ju ve nile

hy per ten sion was de scribed af ter skel e tal leg

trac tion [52].

Chronic Persistent
Hypertension

The prev a lence of per sis tent sec ond ary hy -

per ten sion in chil dren was es ti mated to be

about 0.1% [68]. Ta ble 3 lists the most fre -

quent causes. In gen eral, the youn ger the

child and the higher the blood pres sure, the

Chap ter I  -  Cli ni cal Nephro lo gy and Hypertension
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more likely a sec ond ary cause of hy per ten -

sion is pres ent. In dif fer ent se ries of chil dren

and ad o les cents re ported with sec ond ary per -

sis tent hy per ten sion, dis or ders of the kid ney

pre dom i nate with 86% on the av er age, but

dis tri bu tion of dif fer ent nephropathies var ies

con sid er ably (Ta ble 4).

Three groups of per sis tent re nal hy per ten -

sion may be dis tin guished: re nal parenchymal 

5
2.I

25  Schä rer  -  Hy per ten si on in Chil dren and Ado les cents

Mal lu che et al.  -  Cli ni cal Nephro lo gy, Dia ly sis and Trans plan ta tion  -  I-25 - Up da te 2 (2005) 9

Ta ble 3. Causes of persistent hypertension in
children and adolescents.

1. Re nal

Dis eases of the re nal pa ren chyma
– Glomerulonephritis: pri mary or sec ond ary

  to sys temic dis or ders (e.g. col la gen 
 dis eases, Henoch-Schönlein purpura)
– Re flux nephropathy (re nal scars)
– Ob struc tive uropathy (hydronephrosis)
– Hemolytic-uremic syn drome
– Polycystic kid ney dis ease
– Chronic tubulointerstitial nephropathies

  (pyelonephritis, nephrophthisis etc.)
– Re nal dysplasia

Renovascular
– Ste no sis of re nal ar tery and its branches

  (fre quently com bined with extrarenal 
 vas cu lar le sions)
 Pri mary: fibromuscular dysplasia, 
 un known his tol ogy
 Sec ond ary: neurofibromatosis, throm bo sis, 
 an eu rysm, arteriovenous fis tula, aorto- 
 arteritis, hilar com pres sion, ir ra di a tion, 
 post-trauma
  Syn dromes of Wil liams-Beuren, Alagille,
  Ehler-Danlos, Klippel-Trenaunay, Mar fan,
  Rett, Rothmund, pseudoxanthoma 
  elasticum, tu ber ous scle ro sis, cal ci fy ing 
  arteriopathy
  Vasculitis: periarteritis, Kawasaki dis ease
– Re nal vein throm bo sis

Re nal fail ure
– acute
– chronic

Other re nal dis or ders
– Tu mors (Wilms tu mor, nephroblastoma,

hemangiopericytoma)
– Toxic nephropathies
– Met a bolic dis or ders (e.g. di a be tes, 

hyperoxaluria)
– Post-re nal bi opsy, post-sur gery

2. Car dio vas cu lar
Coarctation
Pat ent ductus arteriosus
Arteriovenous fis tula
Aortoarteritis (Takayasu dis ease)

Ta ble 3. Part 2

3. En do crine
– Pheochromocytoma
– Neuroblastoma, ganglioneuroma
– Adrenocortical dis or ders (see Ta ble 5)
– Hyperthyroidism

 – Hyperparathyroidism
– Turner syn drome
– Polycystic ovary syn drome

4. Neu ro logic
– In creased intracranial pres sure (tu mor,
 men in gi tis, trauma)
– Guillain-Barré syn drome
– Polymyelitis
– Dysautonomia (Riley syn drome)
– Psy chic stress (anx i ety)

5. Drug-re lated
– Corticosteroids, DOCA
– Eryth ro poi e tin
– Heavy met als
– Am phet amine
– Sympathomimetic drugs (nose drops, 
 cold prep a ra tions)
– Tricyclic an ti de pres sants
– Use of birth con trol pills
– Cyclosporine

6. Mis cel la neous
– Bronchopulmonary dysplasia 
 (in new borns)
– In ter mit tent porphyria
– Hypercalcemia
– Burns
– Cy clic vom it ing with de hy dra tion-re lated to
 leg trac tion (stretch ing of fem o ral nerve)

7. Pri mary (es sen tial)



dis or ders, dis eases of the re nal ves sels, and

chronic re nal in suf fi ciency in clud ing trans -

plan ta tion. Var i ous pathomechanisms have

been pro posed to ex plain tran sient and per sis -

tent re nal hy per ten sion, e.g. so dium and wa ter

re ten tion (mainly in acute GN), vaso con stric -

tor mech a nisms in clud ing the renin- angio -

tensin and sym pa thetic ner vous sys tem lead -

ing to re nal ischemia as in HUS, and intra -

vascular vol ume de ple tion re sult ing in the re -

lease of vasoactive hor mones as in id io pathic

nephrotic syn drome.

Renal Parenchymal Disease

Chronic GN, usu ally as so ci ated with the

ste roid-re sis tant id io pathic nephrotic syn -

drome, is re spon si ble for about 30% of all

cases of per sis tent re nal hy per ten sion if pa -

tients pro gress ing to re nal fail ure are in cluded 

[16, 107]. Among the var i ous histologic types,

fo cal seg men tal glomerulosclerosis (FSGS),

membranoproliferative glomeru lone phritis

(MPGN), and cres cen tic glomerulonephritis

(CGN) most fre quently lead to in creased

blood pres sure. A high prev a lence of hy per -

ten sion is also ob served in sec ond ary glomeru -

lopathies, e.g. in sys temic lupus erythematosus 

(SLE).

A high pro por tion of pe di at ric pa tients with

per sis tent hy per ten sion is as so ci ated with

chronic pyelonephritis, usu ally as so ci ated

with re flux nephropathy and scars. Af ter a

fol low-up of > 10 years, about 10% of pa -

tients with vesicoureteral re flux be came hy -

per ten sive [117]. As shown by re cent ABPM

stud ies, blood pres sure rises at an early stage

of the dis ease [64, 90], but hy per ten sion usu -

ally be comes man i fest only in late child hood

or ad o les cence in the pres ence of se vere bi lat -

eral nephropathy and af ter re flux and uri nary

Chap ter I  -  Cli ni cal Nephro lo gy and Hypertension

10

Ta ble 4.  Causes of persistent secondary hypertension in 1575 children and adolescents compiled from
eight published studies [3, 6, 16, 31a, 43, 74, 133, 141].

Re nal parenchymal dis ease 75.2% (68 – 89)
Glomerulonephritis 28.1% (13 – 50)
Pyelonephritic scars (with or with out re flux) 23.0% (10 – 33)
Ob struc tive uropathy (hydronephrosis) 10.0%  (0 – 18)
Hemolytic-uremic syn drome 5.0%  (0 – 16)
Polycystic kid neys 4.0%  (0 – 10)
Chronic tubulointerstitial nephropathies 1.0% (0 – 6)
Other renoparenchymal dis or ders and re nal tu mors 4.0%  (0 – 10)

Renovascular dis or ders 10.6%  (0 – 20)
Coarctation 6.5%  (0 – 39)
En do crine dis or ders 4.1%  (0 – 12)
Other dis or ders 3.5%     (0 – 8.5)  

All per sis tent forms of sec ond ary hy per ten sion (n = 1575) 100%

Most se ries in clude to a vary ing ex tent pa tients with preterminal re nal fail ure and also some chil dren on re nal
re place ment ther apy [43, 133]. The data are ex pressed as mean pro por tion of all chil dren with per sis tent
sec ond ary hy per ten sion (in pa ren the sis min i mum and max i mum pro por tion of pa tients re ported from in di vid -
ual cen ters). The num ber of pa tients with pri mary hy per ten sion re ported from the same cen ters was 396, i.e.
20% (10 – 45%) of all forms of hy per ten sion.



tract in fec tion (UTI) have al ready re solved

(see Chap ter I-13 by Arant B.S.: Re flux

Nephropathy). The pathoanatomical and ra -

dio logic pic ture of scar ring in re flux

nephropathy as so ci ated with se vere hy per -

ten sion was de scribed ear lier as Ask-Upmark

kid ney [55] or as seg men tal hypoplasia [104]. 

It is char ac ter ized by seg men tal shrink ing of

re nal pa ren chyma con tain ing small, hyalin -

ized glomer uli, di lated tu bules, thick ened and 

tor tu ous ar te ri oles, and in ter sti tial fi bro sis.

Usually, histologic ex am i na tion does not de -

ter mine whether these changes cor re spond to

a con gen i tal le sion or whether they are a re -

sult of scar for ma tion from re flux or UTI in

early life. The as so ci ated hy per ten sion seems

to be due to lo cal renin se cre tion, al though pe -

riph eral renin ac tiv ity is of ten nor mal [57].

Ge netic fac tors in ter fere in the pathogenesis

of hy per ten sion in re flux nephropathy.

Hy per ten sion is also a fea ture of other

forms of uri nary tract mal for ma tions, es pe -

cially in ob struc tive uropathy (e.g. ureteral

ste no sis). How ever, it ap pears that with ear -

lier and im proved di ag no sis and treat ment of

these le sions in young chil dren, the as so ci -

ated hy per ten sion has be come less fre quent in 

re cent years.

Polycystic kid neys (PKD) in chil dren of ten

pres ent with an early in crease of blood pres -

sure be fore re nal in suf fi ciency oc curs. Hy -

per ten sion re quir ing drug ther apy is found in

60 – 70% of pa tients with the autosomal re -

ces sive form of PKD (for merly called in fan -

tile type) and of ten be comes man i fest al ready

af ter the first year of life [143]. In ter est ingly,

hy per ten sion some times im proves spon ta ne -

ously. The autosomal dom i nant form of PKD

(for merly called adult type) has a sim i lar

prev a lence as the re ces sive form in child -

hood, but hy per ten sion and re nal in suf fi -

ciency are less fre quent. How ever, the ap pli -

ca tion of ABPM re veals that blood pres sure is 

in creased in one-third of pa tients at a mean

age of 12 years in the ab sence of clin i cal

symp toms or a re duced glo mer u lar fil tra tion

rate (GFR) [116]. To al low an early in ter ven -

tion, reg u lar blood pres sure mon i tor ing is

there fore rec om mended in these sub jects.

Renovascular Hypertension

Renovascular hy per ten sion is de fined as

hy per ten sion re sult ing from le sions that im -

pair blood flow to a part, or all, of one or both

kid neys [18, 32, 54]. It rep re sents about 10%

of pa tients (20% of in fants) re ferred to pe di at -

ric cen ters for per sis tent hy per ten sion, and it

more com monly af fects young chil dren (Ta -

ble 4). Renovascular hy per ten sion de serves

spe cial at ten tion in child hood, be cause, ex -

cept for aor tic coarctation, it con sti tutes the

most im por tant cause of per sis tent hy per ten -

sion ame na ble to sur gi cal cor rec tion [126].

Con sid er able ad vances have been made in re -

cent years re gard ing di ag no sis and treat ment

of renovascular hy per ten sion in child hood

(dis cussed later).

The most fre quent un der ly ing ab nor mal ity

is re nal ar tery ste no sis by fibromuscular

dysplasia (70%). This af fects pri mar ily the

me dia of the ar te rial wall lead ing to lo cal ized

or ex tended nar row ing of re nal ves sels that

may be in ter rupted by aneurysmal sec tions.

The dis ease is bi lat eral in about 70% of cases

and may in volve the main re nal ar tery, pe riph -

eral branches, or both [32]. In a study in 54

pa tients with renovascular dis ease, main re -

nal ar ter ies were in volved ex clu sively in 24%

and intrarenal ves sels ex clu sively in 44%

[29].

The pathogenesis of fibromuscular dys -

plasia is un known, but fa mil ial oc cur rence

has been de scribed, es pe cially when as so ci -

ated with intimal hypoplasia and with

autosomal-dominant neurofibromatosis. This 

con di tion seems to be the most prev a lent ge -
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netic dis or der as so ci ated with renovascular

dis ease [58]. In one se ries it was found in 15% 

of renovascular dis ease in chil dren [18], but

the true in ci dence is prob a bly higher [91].

The gene in volved (NF1) was lo cal ized to

chro mo some 17, and sev eral mu ta tions are

known.

Re nal ar tery ste no sis has been as so ci ated

with other in her ited dis or ders or syn dromes

(Ta ble 3). Some of these are com bined with

anom a lies of extrarenal ar ter ies, e.g. aorta,

hepatic, or intracranial ves sels [13, 29]. The

com bi na tion with coarctation is known as

mid dle aor tic syn drome [127]. Renovascular

hy per ten sion is also in duced by sys temic vas -

culitis, un spe cific aortoarteritis (Taka yasu

dis ease) [77], and other con di tions listed in

 Table 3. Fol low ing re nal ar tery throm bo sis, it

is mainly ob served in new borns [2].

Chronic Renal Failure and
Post-transplantation

Children and ad o les cents with chronic re -

nal fail ure (CRF) and ESRD and af ter re nal

trans plan ta tion rep re sent a grow ing group of

pa tients suf fer ing from hy per ten sion [104a,

106, 113, 125]. In many pe di at ric se ries re -

port ing on re nal hy per ten sion (Ta ble 4), they

are not clearly dif fer en ti ated from pa tients

with nor mal re nal func tion. It is thereby of ten

dif fi cult to de ter mine whether the hy per ten -

sion is a con se quence of the un der ly ing re nal

dis ease or the re sult of re nal in suf fi ciency.

Fre quency and se ver ity of hy per ten sion de -

pend on the de gree of re nal fail ure, the na ture

of the pri mary re nal dis ease, and the con com i -

tant treat ment. In an ear lier study we found

that blood pres sure starts to rise at lower se -

rum creatinine lev els and is more se vere in

glo mer u lar dis or ders, re flux nephropathy with

re nal scars, and polycystic dis ease than in renal 

hypoplasia or uri nary tract mal for ma tions

[107]. Prac ti cally all chil dren and ad o les cents 

be come hy per ten sive when their re nal con di -

tions ap proach end-stage.

In chronic di al y sis pa tients, it is dif fi cult to

de fine hy per ten sion pre cisely be cause of

treat ment-related fluc tu a tions of blood pres -

sure and pos si ble changes of the day-night

rhythm. In the first weeks or months af ter start 

of di al y sis, blood pres sure usu ally de creases,

al low ing a rapid re duc tion of antihyper -

tensive med i ca tion [106], but in many di a -

lyzed chil dren and ad o les cents hy per ten sion

per sists. Ac cord ing to EDTA data, 55% of di -

a lyzed chil dren in Eu rope re ceived anti hyper -

tensive drugs with no dif fer ence be tween

hemodialysis (HD) and peritoneal di al y sis

(PD) pa tients. Nev er the less, about one-third

of all chil dren had pres sure lev els > 10 mmHg 

above the 95th centile [76]. De ter mi na tion of

blood pres sure by ca sual re cord ings fails to

give con sis tent re sults in di a lyzed chil dren.

The ap pli ca tion of ABPM al lows a more ac -

cu rate mea sure ment of interdialytic pres sure.

Using this tech nique, we found that hy per ten -

sion is more prev a lent in chil dren and ad o les -

cents treated by PD than in those on HD (70%

vs. 33%), while the day-night rhythm is con -

served with both forms of treat ment [71].

The two main pathomechanisms of hy per -

ten sion in predialysis pa tients as well as those

who have started di al y sis are salt and wa ter

re ten tion and stim u la tion of the renin-

 angiotensin sys tem by re nal ischemia and ar -

te rial dam age. The first mech a nism pre vails

in most oliguric di al y sis pa tients when vol -

ume bal ance can not be main tained, e.g. by re -

duced com pli ance with fluid re stric tion,

which is a fre quent prob lem, es pe cially in ad -

o les cents. How ever, day time blood pres sure

is not cor re lated with weight gain, sug gest ing

that fac tors other than vol ume over load are

in volved in the hy per ten sion of di al y sis pa -

tients. In some pa tients (mainly with pri mary

glo mer u lar dis or ders), high renin se cre tion
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from con tracted na tive kid neys in duces se -

vere per sis tent hy per ten sion. In such chil -

dren, at tempts to re move salt and wa ter may

par a dox i cally in crease blood pres sure in re -

sponse to hypovolemia. A third pathogenetic

fac tor of hy per ten sion in di al y sis pa tients is a

stim u la tion of the sym pa thetic nerve ac tiv ity

[88]. It is no ta ble that chil dren ex hibit a 2- to

4-fold in crease in plasma noradrenaline and

adren a line dur ing a HD or hemofiltration

(HF) ses sion [95].

Af ter re nal trans plan ta tion, hy per ten sion

seems to be more fre quent in pe di at ric than in

adult pa tients [17]. An Amer i can multicenter

study found that 70% of young graft re cip i ents

re quire antihypertensive med i ca tion at 1 month

and 59% at 2 years af ter graft ing [9]. Sim i lar

find ings were re ported from Eu rope [76]. How -

ever, ABPM con firmed hy per ten sion or

normotension in only two-thirds of trans planted 

chil dren and ad o les cents [72]. This and fur ther

stud ies also showed that the phys i o log i cal noc -

tur nal dip of blood pres sure was at ten u ated in

30% of grafted pe di at ric pa tients, mainly in as -

so ci a tion with re nal ar tery ste no sis or chronic

re jec tion and in de pend ent of GFR.

The pathomechanisms of post- trans plan -

tation hy per ten sion are mul ti ple [17, 24]. In

the early phase, vol ume ex pan sion, acute re -

jec tion cri ses, and treat ment with high-dose

glucocorticoids are the most im por tant fac -

tors. Re nal ar tery ste no sis was re ported in up

to 20% of hy per ten sive grafted chil dren [17]

and seems to be caused mainly by vas cu lar

dam age at the time of har vest ing and by small

ves sel cal i bers in kid neys from young do nors

[53]. High renin re lease from na tive kid neys

is less fre quent. In later stages af ter trans plan -

ta tion, chronic re jec tion is the pre dom i nant

eti ol ogy of hy per ten sion. In ad di tion, some

stud ies found that immunosuppression by

calcineurin in hib i tors con trib utes to post-

 transplantation hy per ten sion in chil dren.

Endocrine Hypertension

En do crine forms ac count only for 4% of

sec ond ary hy per ten sion in chil dren (Ta ble 4).

They pres ent an im por tant group be cause

they are of ten ame na ble to sur gery.

Pheochromocytoma in chil dren is usu ally

char ac ter ized by per sis tent hy per ten sion and

a high prev a lence of extrarenal lo cal iza tion

and mul ti ple tu mors [27]. The di ag no sis is es -

tab lished by in creased uri nary ex cre tion and

plasma lev els of cate chol amines and their me -

tab o lites. We re fer to Chap ter I-23 (Sek karie

M.S.: Sec ond ary Nonrenal Hypertension). To

lo cal ize the tu mor, ultrasonography and ab -

dom i nal com puted to mog ra phy (CT) are use -

ful, if the tu mor is large enough. Arterio g -

raphy and ve nous catecholamine sam pling

(af ter ad e quate sym pa thetic block ade) are the

most help ful tech niques for lo cal iza tion.

Metaiodobenzylguanidine (MIBG) scan ning

may yield false neg a tive re sults.

Dif fer ent adrenocortical dis or ders (usu ally 

in her ited) are known to pro duce hy per ten sion 

[49] (Ta ble 5). They are gen er ally char ac ter -

ized by renin sup pres sion and hypokalemia.

The hy per ten sive forms of con gen i tal ad re nal

hy per pla sia are as so ci ated with in creased pro -

duction of mineralocorticoids. Blood pres sure

is readily re duced by cortisol re place ment

[101]. Dexa meth a sone-suppressible hyperal -

do stero nism is an im por tant dif fer en tial di ag -

no sis against the very rare Conn syn drome;

low plasma renin ac tiv ity (PRA) is an im por -

tant marker [142]. In Cush ing syn drome, an

ex cep tional con di tion in chil dren, cortisol

pro duc tion is in creased by a tu mor or hy per -

pla sia. In the lat ter case, hypercortisolism is

the re sult of stim u lated ACTH se cre tion.

Much more fre quently, corticosteroid ex cess

is due to high-dose ad min is tra tion of gluco -

corticoids.

Ap par ent mineralocorticoid ex cess and

Liddle syn drome [134] are dif fer ent forms of
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pseudohyperaldosteronism with autosomal

dom i nant in her i tance; clin i cally they are in dis -

tin guish able. Gordon syn drome is char ac ter -

ized by in creased se rum po tas sium lev els, in

con trast to the adrenocortical dis or ders as so ci -

ated with hy per ten sion men tioned pre vi ously.

Cardiovascular Causes of
Hypertension

Coarctation of the aorta is usu ally de tected

in in fancy and is the most com mon car dio vas -

cu lar form of hy per ten sion. Char ac ter is tic

find ings are de creased blood pres sure in the

lower com pared with the up per ex trem i ties,

higher blood pres sure in the right com pared to 

the left arm, and a sys tolic ejec tion mur mur

over the back. The pathophysiology of hy per -

ten sion in coarctation in volves hor monal, re -

nal, and me chan i cal fac tors. The di ag no sis is

usu ally made by echocardiography.

Other Forms of Hypertension in
Childhood

A va ri ety of le sions of the cen tral and pe -

riph eral ner vous sys tem are as so ci ated with

hy per ten sion (Ta ble 3). The pathomecha nisms 
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Table 5.  Adrenocortical forms of hypertension in children.

Dis or der De fect Treat ment

Con gen i tal ad re nal hy per pla sia 11b-hy drox y lase de fi ciency cortisol
(adrenogenital syn drome) (deoxycorticosterone ­) or

17a-hy drox y lase de fi ciency
(17 deoxysteroids ­)

Conn syn drome aldosterone se cre tion ­ sur gery,
= pri mary hyperaldosteronism spironolactone
(tu mor or hy per pla sia)

Dexa meth a sone-sup press ible abnorma aldosterone syn the sis, pred ni sone
hyperaldosteronism aldosterone ex cre tion ­
(glucocorticoid re me di a ble) af ter ACTH

Cush ing syn drome cortisol ­ sur gery,
(tu mor or hy per pla sia) in Cush ing’s dis ease ­ by ACTH OPDDD

Ap par ent mineralocorticoid ex cess 11b-OH ste roid dehydrogenase dexa meth a sone,
de fi ciency spironolactone,
t/2 of cortisol ¯ amiloride
se rum aldosterone ¯

Liddle syn drome dis tal tu bu lar so dium trans port ­ triamterene,
aldosterone ¯ KCl

Gordon syn drome prox i mal tu bu lar thiazides
(type II pseudoaldosteronism) so dium trans port ­

(­ = in creased pro duc tion)



are not well de fined [49]. Some times sys temic

dis or ders or ab nor mal i ties that sec ond arily in -

volve the cen tral ner vous sys tem (CNS) in -

duce hy per ten sion (e.g. hypercalcemia). In

ad o les cent fe males, hy per ten sion may oc cur

dur ing preg nancy, is of ten as so ci ated with

preeclampsia, and causes in creased ma ter nal

and fe tal mor bid ity and mor tal ity. Care should

be taken to avoid cer tain anti hyper tensive

agents such as ACE in hib i tors dur ing preg -

nancy be cause of their toxic ac tion on the fe -

tus.

Among the drugs and en vi ron men tal sub -

stances known to cause hy per ten sion, gluco -

corticoids, sympathomimetic com pounds, and 

tricyclic an ti de pres sants are most im por tant

dur ing the pe di at ric age. Their hy per ten sive

ac tion may be en forced by re nal dys func tion.

Clinical Manifestations

In gen eral, hy per ten sive chil dren pres ent

less fre quently with clin i cal symp toms and

signs than do hy per ten sive adults. The clin i -

cal man i fes ta tions are age de pend ent. In in -

fants com mon fea tures are con ges tive heart

fail ure (CHF), re spi ra tory dis tress, cyanosis,

feed ing prob lems, vom it ing, ir ri ta bil ity, and

con vul sions [46, 68]. In older chil dren hy per -

ten sion is of ten si lent and de tected mainly on

rou tine ex am i na tion. Symp toms and signs are 

rarely found un less blood pres sure is par tic u -

larly high. They in clude head ache, diz zi ness,

nau sea, ab dom i nal pain, polydipsia, fa tigue,

car diac fail ure, epistaxis, weight loss, and

growth re tar da tion. Many symp toms ap pear

to be more the re sult of the un der ly ing dis ease 

than of hy per ten sion it self. Phys i cal ex am i na -

tion may re veal dam age to tar get or gans, no -

ta bly the heart (func tional and struc tural ab -

nor mal i ties, e.g. LVH) [112], kid ney (pro -

teinuria, hematuria), the CNS [111], and the

ret ina. Some times it pro vides a clue for the

eti ol ogy of hy per ten sion, as in aor tic co arc -

tation (see above), or in the pres ence of ab -

dom i nal masses (polycystic kid neys, re nal or

ad re nal tu mor), or of char ac ter is tic fea tures of 

mal for ma tion syn dromes as so ci ated with hy -

per ten sion (Ta ble 3).

Diagnostic Approach

The early rec og ni tion of hy per ten sion in

child hood re quires reg u lar mea sure ments of

blood pres sure, even in asymp tom atic chil -

dren [96]. Once the di ag no sis of per sis tent

hy per ten sion is clearly es tab lished, a care ful

his tory and thor ough phys i cal ex am i na tion

are re quired [31a]. The use of check lists and

al go rithms for the eval u a tion of hy per ten sion

is rec om mended [128]. The fam ily his tory

should in clude an in quiry on car dio vas cu lar

dis or ders, di a be tes mellitus (DM), fa mil ial

nephropathies, and some sys temic dis or ders

known to be as so ci ated with hy per ten sion

(e.g. phacomatoses). The pa tient’s his tory

should not only re late to ac tual symp toms of

hy per ten sion but also in ves ti gate back to the

new born pe riod (as phyxia, um bil i cal cath e -

ter?). The use of po ten tially hypertensino genic 

drugs (es pe cially ste roids, am phet amines, so -

dium-containing drugs, con tra cep tive pills)

and sub stance abuse (smok ing etc.) should be

re corded. A di etary his tory (so dium, fat) may

be con trib u tory. Rapid weight gain or loss

should be noted and its cause in ves ti gated.

Fur ther ques tions should be di rected to

systemic dis or ders and pos si ble ab dom i nal

trauma.

Di ag nos tic stud ies need to be guided by the

se ver ity and per sis tence of hy per ten sion. If

blood pres sure is > 10 mmHg above the 95th

centile, the screen ing pro ce dure out lined in

Ta ble 6 is rec om mended, in de pend ent of age
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and of the pres ence of clin i cal symp toms. If

any in ves ti ga tion re veals an ab nor mal ity or if

hy per ten sion is se vere, fur ther stud ies are in -

di cated that should fo cus on the or gan in -

volved (Ta ble 7).

If a re nal eti ol ogy is sus pected, kid ney

func tion and im ag ing stud ies are re quired that 

are de signed to dif fer en ti ate re nal paren -

chymal dis ease from renovascular dis ease.

Ultrasonography and radionucleotide scin -

tigraphy should be sup ple mented by color-

 aided Dopp ler flow stud ies to de lin eate the

intrarenal vasculature [19]. Fur ther im ag ing

aids are urography, void ing cystour ethrog -

raphy, CT, mag netic res o nance im ag ing

(MRI), intraarterial (dig i tal sub trac tion) angi -

ography, and some more so phis ti cated meth -
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Ta ble 7. Sup ple men tary investigations in hypertensive children and adolescents.

In case of sus pected re nal eti ol ogy:
– Glo mer u lar fil tra tion rate
– In tra ve nous urography
– Voiding cystourethrography
– 123I-hippuran scintigraphy of kid neys un der ba sic con di tions and af ter captopril ad min is tra tion
– Re nal angiography or dig i tal sub trac tion angiography
– Renin sam pling from re nal veins and vena cava
– Com puted to mog ra phy (CT) scan
– Re nal bi opsy

In case of sus pected en do crine eti ol ogy:
– Plasma cate chol amines, if high:

– 123I-meta-iodobenzylguanidine (MIGB) scan
– vena cava sam pling of cate chol amines
– uri nary cate chol amines

– Plasma aldosterone, if high: if low:
– urine mineralocorticoids – urine mineralocorticoids
– dexa meth a sone sup pres sion test – other plasma mineralocorticoids
– ad re nal scintigraphy – cortisol re sponse to ACTH or dexa meth a sone

In case of sus pected car dio vas cu lar eti ol ogy:
– Echocardiography
– Angiography or dig i tal sub trac tion angiography
– Car diac catheterization

adapted from [96]

Ta ble 6.  Pri mary investigations proposed in
children and adolescents with moderate and
severe hypertension.

– Urine anal y sis: cells, pro tein, cul ture,
vanillylmandelic acid

– Blood count
– Se rum: creatinine, urea, elec tro lytes, plasma

renin ac tiv ity
– Ab dom i nal ul tra sound, in clud ing Dopp ler

sonography
– 99mTc-DMSA or MAG3 scintigraphy of kid neys
– Chest X-ray
– Elec tro car di og ra phy
– Echocardiography
– Fundoscopy

adapted from [96]



ods [32]. As a screen ing for renovas cular hy -

per ten sion, the hypotensive re sponse to oral

captopril may be a suit able test [25], while the 

pre dic tive value of the re sponse of pe riph eral

blood renin to captopril seems to be low in

chil dren [38]. Captopril (0.5 – 1.0 mg/kg) has

also been used to un mask re nal ar tery ste no sis 

by in creased ra dio iso tope up take, with a sen -

si tiv ity of 80% in chil dren [80].

Split renin sam pling from re nal veins is

help ful for lo cal iza tion and eval u a tion of vas -

cu lar le sions but is mean ing ful only in ab -

sence of antihypertensive ther apy [32]. Pref -

er a bly, angiography and split vein re nal renin

sam pling are per formed as a com bined pro ce -

dure, at least in young chil dren, to avoid re -

peated gen eral an es the sia. If neph rectomy is

con sid ered, an at tempt should be made to de -

ter mine the con tri bu tion of the af fected kid -

ney to to tal re nal func tion by split re nal clear -

ance stud ies.

Prevention of Primary
Hypertension

The pre ven tive ef fects of early rec og ni tion

and treat ment of sec ond ary hy per ten sion in

child hood ap pear to be lim ited be cause of the

small pro por tion of pa tients in volved. How -

ever, the pre ven tion of pri mary hy per ten sion

in child hood has be come a large-scale is sue in 

pub lic health.

Two strat e gies have been pro posed for pre -

vent ing pri mary hy per ten sion in child hood

[44]. The pop u la tion ap proach at tempts to

mod ify the risks among all in di vid u als of a

pop u la tion to achieve a mod er ate low er ing of

mean blood pres sure by re duc ing car dio vas -

cu lar mor bid ity. Within the pop u la tion ap -

proach of pre ven tion, an ed u ca tional (ac tive)

and an en vi ron men tal (pas sive) ap proach can

be dis tin guished. The first is usu ally based on

health ed u ca tion in schools by health pro fes -

sion als, mass me dia, and gov ern ment pro -

grams and is prac ticed mainly in the US. At

pres ent, it seems to be the most prom is ing

strat egy. It should in volve fam ily mem bers

and fo cus on phys i cal ac tiv ity and eat ing hab -

its, pre ven tion of obe sity and smok ing, and

avoid ing high salt in take. The en vi ron men tal

(pas sive) ap proach for pre vent ing fu ture car -

dio vas cu lar dis ease does not re quire ac tive

steps on the part of the in di vid ual child. The

ef fi cacy of this method has mainly been

proven by mod i fy ing the nu tri tional salt in -

take.

In con trast to the pop u la tion ap proach, the 

high-risk ap proach con cerns se lected chil -

dren with bor der line hy per ten sion who do not 

have a blood pres sure high enough to re quire

im me di ate treat ment but may be des tined to

de velop es sen tial hy per ten sion in adult life,

es pe cially in the pres ence of a pos i tive fam ily

his tory or of an in creased left-ven tric u lar

mass. Nonpharmacologic in ter ven tions pro -

posed in clude weight re duc tion and in creased 

phys i cal ac tiv ity. Some dif fi cul ties may be

en coun tered when such an ap proach is fol -

lowed strictly [44]. First, the pre cise iden ti fi -

ca tion of a high-risk child is dif fi cult be cause

the pre dic tion of adult blood pres sure from

child hood val ues is not ac cu rate with pres ent

meth od ol ogy that ap plies rare ca sual blood

pres sure re cord ings. In fu ture the use of

ABPM or of re li able ge netic mark ers of pri -

mary hy per ten sion might im prove the pre dic -

tion. Sec ondly, the ef fi cacy of early in ter ven -

tion strat e gies to re duce the risk of early

car dio vas cu lar dis ease in high-risk chil dren

has, in fact, not been clearly dem on strated, al -

though it is ex pected that an in ter ven tion

start ing in child hood is more ef fi cient than if

de layed un til adult hood. Fi nally, the cost ef -

fec tive ness of a high-risk ap proach has been

ques tioned. It should be com pa ra ble to

screen ing pro grams for other dis or ders and
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also to the pop u la tion ap proach for pre vent -

ing hy per ten sion. Fur ther more, wrong la bel -

ing of a child as be ing at a high car dio vas cu lar 

risk could in duce del e te ri ous so matic and

psy cho log i cal ef fects. There fore, the long-

 term ben e fits of in ter ven tion pro grams in

high-risk chil dren are con sid ered to be mod -

est [44].

Treatment

General Management

Hy per ten sive chil dren and their par ents

need ad vice con cern ing diet and life style. With 

mild hy per ten sion, nonpharmacolo gical forms 

of ther apy will of ten be suf fi cient. The ef fect of 

a low-so dium diet or po tas sium supplemen ta -

tion on ad o les cent blood pres sure is con tro ver -

sial [122]. Re stric tion of so dium in take may be 

rea son able, es pe cially in salt-sen si tive pa tients 

(e.g. those with re nal fail ure) in or der to spare

antihypertensive drugs. Prac ti cal prob lems in

re duc ing so dium in take should be han dled in

co op er a tion with a di eti tian.

Weight loss is in di cated in all obese chil -

dren and ad o les cents with hy per ten sion. It not 

only re duces blood pres sure, but also salt sen -

si tiv ity [99]. Reg u lar ex er cise of the dy namic

(aer o bic) type seems to be ap pro pri ate un less

hy per ten sion is se vere.

Pharmacotherapy

Long-Term Treatment

In view of the high mor bid ity and mor tal ity, 

se vere, sus tained hy per ten sion in chil dren

should gen er ally be treated by antihyper ten -

sive drugs. Some au thors be lieve that anti -

hypertensive drugs are also in di cated if blood

pres sure is only slightly above the 95th per -

cen tile. The in di vid ual de ci sion to start

pharmacotherapy should de pend on the per -

sis tence and eti ol ogy of hy per ten sion (early

treat ment in re nal fail ure), the pres ence of

other risk fac tors for car dio vas cu lar dis ease

(e.g. fam ily his tory, hy per cho les ter ol emia),

and the con com i tant in volve ment of tar get or -

gans (e.g. LVH). In any case, nonpharma -

cologic forms of ther apy should be con sid -

ered be fore any pharmacotherapy is started.

The goal of any pharmacotherapy is not only

to achieve normotension, but also to im prove

the func tion of tar get or gans and spe cif i cally

to in duce a re gres sion of LVH.

Ex pe ri ence with antihypertensive drug

ther apy is lim ited in chil dren and ad o les cents

com pared to adults [34, 48, 69, 91a, 119].

Study de signs for test ing antihypertensive

med i ca tions in chil dren have only re cently

been pro posed [23]. In clin i cal prac tice, many 

drugs have been em pir i cally found to be safe

and ef fec tive in child hood al though for mal

ther a peu tic tri als in this age group are rare.

The use of per cen tile charts of nor mal blood

pres sure is help ful for the man age ment of hy -

per ten sive chil dren.

Practical Approach to Oral
Antihypertensive Treatment

Long-term ther apy with antihypertensive

agents gen er ally fol lows a “stepped care” pat -

tern, start ing with a low dose of a given drug

that is in creased up to a tol er ated max i mum

level and sub se quently add ing fur ther drugs

in a sim i lar fash ion un til normotensive blood

pres sure lev els are at tained. Be cause a full ef -

fect is to be ex pected with most agents only

af ter sev eral days or weeks, a rapid change of

the dose sched ule must be avoided. With the

in tro duc tion of more po tent antihypertensive

drugs with rel a tively few side ef fects, it is
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now of ten pos si ble to con trol hy per ten sion

with monotherapy as in adult pa tients. How -

ever, as a rule a mul ti ple drug reg i men us ing

low doses is pref er a ble to a high-dose mono -

therapy ac com pa nied by side ef fects. The ini -

tial drugs should be cho sen in di vid u ally on

the ba sis of the ac tual blood pres sure level,

the pathophysiology of the un der ly ing dis or -

der, the side ef fects to be ex pected, and the

per sonal ex pe ri ence of the treat ing phy si cian.

The most fre quently rec om mended classes

of antihypertensive agents sug gested for

monotherapy are b-adrenergic re cep tor block -

ing agents, cal cium chan nel blockers, and

ACE in hib i tors. As a dual pharma cotherapy,

the supplementation of a b-block ing agent

with a di uretic agent or a cal cium an tag o nist

has been suc cess ful in chil dren.

Ta ble 8 lists drugs used for oral antihyper -

tensive treat ment in chil dren and ad o les cents,
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Ta ble 8. Dos age and side effects of oral antihypertensive drugs.

Max i mum Side Ap pli ca tion
Ini tial dose in In ter val ef fects in Re nal

mg/kg/day (hours) pos si ble Fail ure

Di uretics:
Hy dro chlo ro thi a zide 0.5 2 12 Hypokalemia –
Chlorthalidone 0.5 2 2 – 4 Hypokalemia –
Furosemide 1 5 8 – 12 Hypokalemia +
Spironolactone 1 5 8 – 12 Hyperkalemia –
Triamterene 2 3 –
b-andrenergic blockers:
Atenolol 1 3 24 Bradycardia, +
Metoprolol 1 4   12  } hypoglycemia, –
Propranolol 1 5 8 – 12 bronchospasm etc. (+)
a-blocker:
Prazosin 0.02 0.5 8 – 12 Orthostatism +
a- and b-blocker:
Labetalol 1.5 10 12 Myopathy (+)

Cal cium an tag o nists:
Nifedipine 0.5 3 8 – 12 Flushing, tachy car dia, +
(sus tained re lease prep a ra tion) pe riph eral edema,

gingival hy per pla sia
Vaso di la tors:
Hydralazine 1 5 8 – 12 Flushing, pal pi ta tions, +

head ache, fluid re ten tion,
lupus-like rash

Minoxidil 0.1 0.5 12 Hypertrichosis, edema +

a2-ag o nist:
Clonidine 0.005 0.03 8 – 12 Se da tion +

Con verting en zyme in hib i tors:
Captopril 0.5 3 8 – 12 Leukopenia (+)
In new born ba bies 0.1 0.5    8 – 12 }Rash, cough, loss of taste
Enalapril 0.1 0.5 12 – 24 Decreased GFR, hyperkalemia  (+)



ini tial and max i mum doses rec om mended,

and the most im por tant side ef fects. A short

de scrip tion of the in di vid ual drug classes fol -

lows. For fur ther pe di at ric in for ma tion, the

reader is re ferred to re views on the sub ject [1,

34, 69, 91a, 119].

Su per vi sion of antihypertensive treat ment

should in clude reg u lar (ini tially daily) home

mea sure ments with doc u men ta tion of blood

pres sure af ter ad e quate tech ni cal in for ma tion

of the pa tient or his par ents and fre quent med -

i cal fol low-up vis its, es pe cially if ther apy has

been changed. With lon ger treat ments, drug

dos age needs to be adapted to body size and

cor re spond ing blood pres sure norms. Non -

com pli ance is an im por tant prob lem, es pe -

cially in ad o les cents, and is re lated to the use

of mul ti ple drugs and fre quency of dos ing.

Diuretics

The antihypertensive re sponse to di uret ics

de pends on their di uretic ac tion, re sult ing in

de creased extracellular vol ume, as so ci ated

with a re duc tion in pe riph eral vas cu lar re sis -

tance (PVR). Hy dro chlo ro thi a zide has been

used most widely in chil dren [81]. Its ap pli ca -

tion should be re stricted to pa tients with a

GFR > 50 mL/min/1.73 m2. The most im por -

tant side ef fect is hypokalemia, which re -

quires po tas sium supplementation. In some

cases chlorthalidone may be pref er a ble be -

cause of its pro longed ac tion.

The loop di uret ics are ca pa ble of in duc ing a 

brisk diuresis of greater size than other agents

in duce and are there fore in di cated in pa tients

with sig nif i cant fluid re ten tion. Furosemide

given in tra ve nously (IV) or orally (PO) is ef -

fec tive even in ad vanced re nal fail ure, but its

re nal clear ance is smaller in chil dren than in

adults [67]. It has suc cess fully been ap plied in 

hy per ten sive chil dren with acute GN. It is

also use ful as an ad junct to other anti hyper -

tensive drugs in pa tients with acute or chronic 

re nal fail ure, es pe cially if so dium re stric tion

is dif fi cult to ob tain by di etary mea sures

alone. Side ef fects are vol ume de ple tion,

hypokalemia, and ototoxicity, which is of ten

re lated to high blood lev els dur ing high-dose

IV ap pli ca tion. Furosemide-induced hyper -

cal ciuria may lead to nephrocalcinosis, es pe -

cially in pre-term in fants.

Po tas sium-sparing di uret ics such as spiro -

nolactone and amiloride may oc ca sion ally be

given to pre vent hypokalemia. They also

have a place in the man age ment of adre no -

cortical forms of hy per ten sion (Ta ble 5).

b-adrenergic Receptor Blocking
Drugs (b-Blockers)

The ac tion of b-blockers is com plex and

 includes com pet i tive in hi bi tion of cate chol -

amines on b-re cep tor-me di ated ef fects in

heart, kid ney, and the cen tral ner vous sys tem.

Car diac out put falls, the ac tiv ity of the

renin-an gio ten sin sys tem is re duced, and the

pe riph eral re lease of noradrenaline is im -

paired. Propranolol as a short-act ing drug has

been re placed in many pe di at ric cen ters by

more cardioselective agents with a pro longed

half-life (t1/2), like atenolol, metoprolol, or

acebutolol. Side ef fects are rel a tively in fre -

quent in chil dren. Rest ing bradycardia is

rarely se vere enough to with draw the drug.

Pe riph eral vasoconstriction may lead to

Raynaud-like symp toms. In ob struc tive lung

dis ease, b-blockers may ex ac er bate asth matic 

at tacks, even when cardioselective agents are

ap plied. In young fast ing chil dren, se vere at -

tacks of hypoglycemia have been de scribed.

a-adrenergic Receptor Blocking
Agents (a-Blockers)

The long-act ing agent phenoxybenzamine

and the short-act ing phentolamine have a
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place in the man age ment of pheoc hromo -

cytoma [27]. Prazosin and doxazosin, which

have a high se lec tiv ity for a1-adreno -

receptors, may be ap plied in other forms of

hy per ten sion and are of ten com bined with a

b-blocker. Side ef fects are rel a tively mild.

Labetalol has both se lec tive a1- and non -

selective b-adrenergic block ing ac tiv ity and

is used both PO and IV in chil dren [20],

mainly to treat hy per ten sive emer gen cies.

Calcium Channel Blockers

Cal cium chan nel blockers in hibit the in ward 

flux of cal cium through voltage- depen dent

slow chan nels in cell mem branes, re sult ing in

vasodilatation. Pe di at ric ex pe ri ence was re -

ported on verapamil [105], nifedipine [87, 93], 

nitrendipine [137], nicardipine, felodipine

[132], and amlodipine [102]. For treat ment of

mod er ate forms of per sis tent hy per ten sion, the 

long-act ing prep a ra tions of nifedipine and

nicardipine (given twice daily) are widely ap -

plied as monotherapy in pe di at ric pa tients.

These agents are also use ful in post-trans plant

hy per ten sion, be cause they coun ter act the

cyclosporin A-in duced in crease of blood pres -

sure me di ated by af fer ent ar te ri o lar con stric -

tion. Side ef fects of cal cium chan nel blockers

(Ta ble 8) are rare with sus tained-re lease prep a -

ra tions and are usu ally lim ited to a short pe riod

af ter ini tial drug ad min is tra tion.

Other Vasodilating Agents

These con sist of a phar ma co log i cally het er -

o ge neous group of agents that act on vas cu lar

smooth mus cles to re duce PVR.

Hydralazine is still in use in some pe di at ric

cen ters, al though it is less ef fec tive than

newer com pounds and has many side ef fects.

It should there fore be pre scribed only in small 

dos ages com bined with a b-block ing agent or

di uretic.

Minoxidil is a strong vasodilator with sim i -

lar side ef fects and with the ad di tional dan ger

of hypertrichosis 2 – 3 weeks af ter on set of

treat ment. It is there fore ad vo cated only in

hy per ten sive states re sis tant to other drugs.

Clonidine acts cen trally as an a2-re cep tor

ag o nist and may be given by the oral or

percutaneous route. Al though it fre quently

pro vokes se da tion and a dry mouth it has

proven use ful in the treat ment of sud den

blood pres sure el e va tion in chronic hy per ten -

sion.

Angiotensin-converting Enzyme
(ACE) Inhibitors

The in tro duc tion of ACE in hib i tors has

greatly fa cil i tated the man age ment of chil -

dren with se vere hy per ten sion in re cent years. 

ACE in hib i tors in ter fere with the en zy matic

con ver sion of an gio ten sin I to the ac tive an -

gio ten sin II, a ma jor vasoconstrictor and

stim u lus for aldosterone pro duc tion. They are 

ef fec tive es pe cially in pa tients with high

plasma renin ac tiv ity (PRA).

Captopril given orally de creases blood

pres sure within 15 – 30 min and reaches peak

blood lev els in 1 – 2 hours. It has a t1/2 of only

2 hours in chil dren [121], but its pharma -

codynamic t1/2 is con sid er ably lon ger, which

al lows a dos age 2 – 3 times daily. Captopril,

which has been ex ten sively stud ied in chil -

dren and ad o les cents [82], is par tic u larly use -

ful in new borns and in fants in whom its po -

tency is greater com pared to older chil dren

[86]. Captopril treat ment in this age group

should there fore be started with only 0.01

mg/kg/dose, while in older chil dren the rec -

om mended start ing dose is 0.2 mg/kg, which

can be in creased up to 0.5 – 1 mg/kg/dose

given 2 – 3 times daily.
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Enalapril and ramipril have a de layed ac -

tion start ing 1 – 2 hours and con tin u ing for

18 – 48 hours af ter ad min is tra tion [79].

There fore, these drugs are now pre ferred for

long- term use in chil dren [136] and are used

also to re duce proteinuria [92, 124, 140a].

ACE in hib i tors and their me tab o lites are

ex creted by the kid ney, which re quires a dose

re duc tion in re nal fail ure. The var i ous side ef -

fects de scribed pre vi ously with the use of

captopril have be come less fre quent with re -

duced dos age and the in tro duc tion of long-

 acting prep a ra tions. Per sis tent cough still re -

mains a prob lem in about 1% of pa tients. In

the case of hypovolemia, ARF with hyper -

kalemia and re nal ar tery throm bo sis may de -

velop due to the vasodilating ac tion of ACE

in hib i tors on the ef fer ent glo mer u lar ar te ri -

oles. There fore, care has to be taken to avoid

states of de hy dra tion (e.g. by the use of di -

uret ics). Be fore the start of any treat ment with 

ACE in hib i tors, re nal ar tery ste no sis should

be ex cluded. Se rum creatinine and po tas sium

should be mon i tored fre quently dur ing treat -

ment.

Clin i cal ex pe ri ence with the use of an gio -

ten sin re cep tor in hib i tors (e.g. losartan, irbe -

sartan) is still lim ited in chil dren [36], and

there fore these agents can not yet be gen er ally

rec om mended.

Hypertensive Emergencies

Hy per ten sive emer gen cies are de fined as a

sud den in crease of blood pres sure (usu ally

> 180/120 mmHg in older chil dren) and are

not reg u larly as so ci ated with clin i cal symp -

toms such as car diac fail ure, head ache, ence -

pha lo pathy, fa cial palsy, or eye ground chan -

ges. Im me di ate in ter ven tion, even in asym -

ptomatic cases, is im por tant to avoid dam age

of tar get or gans, es pe cially the CNS [111]. It

is de bated if blood pres sure should im me di -

ately be re duced to nor mal lev els, be cause

this might de crease brain per fu sion [28].

Ta ble 9 lists the rec om mended doses of

antihypertensive drugs ap plied PO or IV to

chil dren with hy per ten sive emer gen cies. Oral 

nifedipine has be come the drug of first choice

in all pe di at ric age groups be cause it is ef fec -

tive, safe, and easy to ad min is ter [37, 93]. It is

rap idly ab sorbed and reaches its max i mum

ac tion af ter about 1 hour. In emer gen cies, the

drug should be re moved from the cap sule ei -

ther by hav ing older chil dren bite through the
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Ta ble 9. Antihypertensive drugs for hypertensive emergencies in children.

Drug Dose

Nifedipine 0.3 – 1.0 mg/kg PO
Nicardipine 0.5 – 3.0 mg/kg/min by IV in fu sion
Diazoxide 2 – 6 mg/kg rap idly IV
Labetalol 1 – 3 mg/kg IV
Clonidine 0.002 – 0.006 mg/kg slowly IV or 10 mg/kg/4 h by IV in fu sion
Hydralazine 0.2 – 0.8 mg/kg IV
Minoxidil 0.1 – 0.2 mg/kg PO
So dium nitroprusside 0.5 – 10 mg/kg min IV in fu sion

(ti tra tion from low est dose up wards ev ery 20 min)
Urapidil ini tial 1 – 4 mg/kg/h, re duc ing to 0.5 – 2 mg/kg/h by IV in fu sion

PO = oral, IV = in tra ve nous



cap sule or by with draw ing its con tent and ap -

ply ing it by a sy ringe [119]. Sublingual ad -

min is tra tion, as for merly rec om mended, is

not needed. If the re sponse is in suf fi cient, the

ini tial dose may be re peated and pos si bly

dou bled. Re cently, nifedipine has also been

ad min is tered as an IV in fu sion (e.g. 5 mg/1.73

m2 nifedipine given over 4 – 8 hours). The

prep a ra tion is light sen si tive. Fre quent side ef -

fects of cal cium an tag o nists are tachy car dia

and flushing of the skin.

As al ter na tives, IV boluses of diazoxide

and labetalol [20] are rec om mended; how -

ever, they have more side ef fects. They are

pref er a bly given as con tin u ous in fu sion [69,

119]. Clonidine has the ad van tage of also be -

ing ap pli ca ble by the transcutaneous route.

In se vere symp tom atic cases of hy per ten -

sion and in case of re sis tance to other drugs,

so dium nitroprusside given as IV in fu sion is

the drug of choice. How ever, it should be ap -

plied only un der per ma nent mon i tor ing of

blood pres sure, be cause this may rap idly drop 

to dan ger ous hypotensive lev els. Side ef fects

like vom it ing and neu ro log i cal symp toms are

due to toxic met a bolic prod ucts that ac cu mu -

late, es pe cially in chil dren with re nal in suf fi -

ciency. As an al ter na tive, in fu sions of urapidil 

have re cently been rec om mended. Hy per ten -

sive cri ses due to so dium and wa ter re ten tion

(e.g. in acute GN) are best treated by IV furo -

semide (2 – 5 mg/kg).

Surgical Treatment

Only a few rel a tively rare hy per ten sive con -

di tions are ame na ble to a sur gi cal treat ment,

in clud ing revascularization pro ce dures. They

in clude aor tic coarctation, chrom affin and

adrenocortical tu mors, and dif fer ent re nal

con di tions. Sur gi cal re pair or bal loon angio -

plasty of coarctation is fre quently fol lowed

by an in suf fi cient drop of blood pres sure and

may re quire ad di tional drug ther apy.

Uni lat eral nephrectomy is in di cated in the

case of a nonfunctioning kid ney, that is, if the

struc ture and func tion of the contralateral kid -

ney are more or less in tact as in the case of

hydronephrosis or of a re nal tu mor. Re cent

stud ies have stressed the value of uni lat eral

nephrectomy in var i ous forms of re nal hy per -

ten sion [7]. Af ter nephrectomy, it of ten takes

weeks or months un til the blood pres sure nor -

mal izes, and pharmacotherapy must be con -

tin ued in the mean time. Po lar re sec tion is

some times in di cated in pres ence of seg men tal 

re nal scars.

Percutaneous transluminal angioplasty has

be come the first-choice treat ment in short,

iso lated ste no sis of the main re nal ar tery and

may be suc cess ful even in small chil dren [85]. 

Long-term med i cal treat ment over years is a

suit able al ter na tive in in fants un til they have

reached an ad e quate size for sur gery [12]. In

bi lat eral and com pli cated cases of re nal ar tery 

ste no sis, other sur gi cal tech niques, in clud ing

autotransplantation, have also been suc cess -

ful in chil dren [33, 78, 126].
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