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Renal and Renovascular Hypertension in Children

Hyewon Hahn, M.D.

Department of Pediatrics, Eulji University School of Medicine

Hypertension is a major risk factor of atherosclerosis which results in cardiovascular
disease, and remains a major health problem worldwide. While children are more likely
to have secondary hypertension, recent studies support the theory that the prevalence of
essential hypertension in children and adolescents is increasing with the global epidemic
of childhood obesity, and close attention is needed. Evaluation of hypertension in the pe-
diatric age group should be guided by the age at presentation, and renal diseases must
be considered in every child with hypertension, because of the prevalence of renovascular
and renal parenchymal disorders as the etiology in any age group. The majority of children
with chronic kidney disease are hypertensive, and many have associated end organ damage.
Thus, once hypertension has been confirmed, end organ care as well as pharmacologic
therapy must be continued. In renovascular hypertension, as cure could be gained with
surgical/endovascular intervention, accurate diagnosis is important and it is recommended
that every suspected child should undergo angiography. (J Korean Soc Pediatr Nephrol

2011;15:1-13)
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SHUlES A8 F glenw, A X e B
2 H9lE uEshs Aottt =, Aobs) HAd
oM 18-S 578 (systolic blood pressure,
SBP) 18]3/32 o]k ¥t (diastolic blood
pressure, DBP)©] A}3] dl&slo] A=/ g/ Al
A8 952 ol AR gttt 5%
dtol 904 959215l X ¢ Ay

(prehypertension) ©& 725k, Ad2lor 9} n}
FHAE SBP7F 120 mmHg ©]4, DBP7} 80

mmHg ©]7<! 7&?/\”01]/\1 g arestoiof
SIOH]. s 3 § ASAR) Add A 5E 2
S ® sh= F5 A ARl HANE Do 7 sh=
A% gAkel s fE ¥ GAE 194
(stage 1)¥} 27| (stage 2) = o] Hsot
= 9ouE - Q)<=of] 5 mmHg U3 £ 7|07 %=
W3t 79 20, o]t A9 1A o= gt

(Table 1).

A o7 Aotel HadeaE 1Eet St
TR FE olxMd ndste] dgloz Ay 9le
2], vl=rell ] 1963 dE] 2002714 8 Aol A]
17M18] Zols gito® 3es =43 National

Table 1. Classification of Hypertension in Chil-
dren and Adolescents

SBP or DBP Percentile
(%)

<90™

90" to <95™ or if BP
exceeds 120/80 mmHg
even if 90™ % upto
<95th %o‘r

Stage 1 hypertension 957—99" %, plus 5 mmHg
Stage 2 hypertension >99" %, plus 5 mmig

Normal
Prehypertension

For gender, age, and height measured on at
least 3 separate occasions; if systolic and dia-
stolic categories are different, categorize by
the higher value.

"This occurs typically at 12 years old for SBP
and at 16 years old for DBP

Health and Nutrition Examination Survey
(NHANES) ¢] A+ A= Zofellr] 84zt
Was] ST S HolFtH3]. 1970d ] FRE 1
Yofom Xk Slopl= A Awolgl Fade]
1-2%%1 24 20003t ZHbofl= 3—5%0°1 @32
W, st AR g9} $ S E st AA = Al
& Asete] 1988—-1994d 7R T 1999—-2000
doflA] SBP= 1.4 mmHg, DBP+= 3.3 mmHg 4+
SoFalt4]. Et 54 W g Stol A F9
R8O Fo| A A] ghol H7PE RIS Bl o
2, Ao adr] Est #kake] = A AAIA
o2 Z7kskar k5], Chiolero 52 ol#st 18
o Be] SIS vk Frtelwt A7l of
2 F77F =ikl Barelgl o 6], Axokgl
oA g A7t Srbsk=dl vlRke] .3k
O]X}E 2R3 o] ®atol A s E a1 Q)
7]. H STV Y] RS Ao R ]
S U/l 194 dho g ugtoly A aAsgt
(cardiovascular disease, CVD) 2] 71538 714
a1 glew &3] FAFoltH1]. o] st FAfefA=
oks AT R AT 28 2lo] Qo] 9 A
v FH FAadr] a8 824 58%0lA mAY
[8] AFAl
I (glomerular filtration rate, GFR)©] 743k
th=[9] Ba7} Qlo] Aot A Arele] F2o&5 &
st
O8] Aof St k= Yo, ot
7k o)l oL, AHEe] ShAfel|A oxd
4 '55‘: 3 HRItk Lo]7} o5 o]xd
9] 7Fs/do] o AdRl St A vl sA
olxHd ad o] NI} ol Aof ndS gt
28%7} o)z dolct. o= Al 1 FS} FAkrellA 5
% [10], A B A+ 7 0.1% [11]5 AH|sh=
olxbd Y A vl 3’Jr Hlwato] 453] H
H]-go]tt,
Aol wet P eke] HRlo] AolstE, Aot
Yot S 71wl ete] B E A7) 9k

F1%5 (microalbuminuria) & H.o]3l
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Al dHA 1
= Adfehs 9 W
o4e] 5-10%% *FA|get(12].
% oldo] mELS f8E 4= o (Table 3), A
Aol A S (fibromuscular dysplasia, FMD)
o] 7H¢ Eato] Aot Al A Y] 70%E A
Table 2. Most Common Causes of Hypertension
by Age at Presentation

Age group Cause

Renal artery thrombosis or
embolus (umbilical artery
catheter)

Renal vein thrombosis

Newborn

Congenital renal malformations
Coarctation of aorta

Renal artery stenosis
Bronchopulmonary dysplasia
Renal parenchymal disease
Renal artery stenosis

Infancy to

6 years
Coarctation of aorta
Medications (corticosteroids,
albuterol, pseudoephedrine)
Endocrine causes

6—10 years Renal parenchymal disease

Renal artery stenosis

Primary hypertension

Endocrine causes

Primary hypertension

White coat hypertension

Adolescence

Renal parenchymal disease
Substance abuse
Endocrine causes

tfgtaoalgets] A s A 15 A A1 15 20114
Aetel [13], /473 3ks0] 9Q1¢] 85-90%F AHA]
= Ajely} & ;‘q.o]_g_ Helth14]. Euﬂ/] ZU]—
(media)& Wk 471 7P @om, A34++
% 1% (neurofibromatosis type 1, NF 1) o]t}
Y AA ZZ 7 (Williams syndrome) o4 EE7|
W=k (ntima) ©] ¥ 12, 15, 16]. FMD2] €
12 A A ko, | AlRelA FMD=
Bo] BAA H|odZ=A) n|EAAEA )
PHo gelrv, Fa Bulg F7 Pshs
Z defA rH15]. NFeA= o] Al 5o 7
5ol T2 fIAIshH FMDe] BWe o] gl
SIATH17].

FMD o]g]e] %2 dadso] Al Iy udst
= s (Table 3), 1 FolA tlel H
} % &shrh12]. FMD

{

= W R riz
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(Takayasu's disease)©]
= olg] g3 F97t & = F) olo1A A&
735, A3 2PEelA %O] AAE e (string—
of —beads appearance) ©.2 Hol|H, tl7loky 1
7 FMD+ 8% 24 ddvte =z et o]
o A EE A= FAREe] HEst xido]

Table 3. Renovascular Causes of Hypertension

Intrinsic renal artery disease
Fibromuscular dysplasia
Intimal fibromuscular dysplasia
(Neurofibromatosis type 1, Williams
syndrome)
Arteritis (Kawasaki, Takayasu, or Moyamoya
disease)
Renal transplant artery stenosis
Chronic renal allograft nephropathy
Newborn with umbilical vessel catheters
Renal transplant artery or venous thrombosis
Renal trauma

Extrinsic compression
Neoplasia (Wilms’ tumor, Neuroblastoma,
Pheochromocytoma,
Lymphoma, Neurofibroma, Paraganglioma)
Perirenal hematoma, trauma
Retroperitoneal fibrosis
Congenital fibrous band
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31% oltH17]. Al F9 o]9] thE Fel
A% E3p, 53] NFU Willlams &
0 o)) gato] Fukg 4= 9lrh16, 23]. T
el HE3 AL TR Sl R
[17].

2. Ha| 7|1-
A=A Al G 22 g (renin) ol ol 18
S gt} gd—<kA] e Al %(renmn angio-

)
A A AR AR, 0 A

& 41 ) o] 50% o)A Aale ke WA
v AR Al @57 gastn dgo] St
A1 58 o] @2o] Kol 0% ol Rste]
of rH24]. RAS®] B sh= Akeh 2Eelng) &
NARF) MaEE 2astLE, o] A&
Aol B AL AASLE Aol A% e
RS ISR, ol W% A1) S Al

dyke] wigdol] 7]Qlsittar g ¥rh(25].

o)

5
& S8h= o] TEo] tF-E9] $jef|A] zldto]
=o|A7] vk 710l HE AAks vAE A d
7 %<z (digital substraction angiography, DSA)
v, A54Q Ao s 9SSRkt Diethy-

lenetriamine pentaacetic acid (DTPA) &2

o

mercaptoacetyltriglycine (MAG3) 270 % cap-
o A 2w %
sin convertmg enzyme inhibitor, ACEI) i gt

oo A Ewl IS AE 2 9o} wmzhy
(50 70%) 7} R FAEFZR] o, DSACE
A ATH12]. 545 e 253k FAHduplex
ultrasonography with color and pulsed—wave
Doppler, USG)+= HIRFH o2 tdstA A4
Flom ol Ay Az £3] o8
ok AQlelH el AT A USGE Mawe} Solw
= 47} 73-85%, 71-92%= APl eHdaH=x
(magnetic resonance angiography, MRA) <]
92-98%, 70—96%%} Hlawste] fra’do] Hojxl
TH26]. Brun 5 21 ¥ 1S AetellA USG
7F A9 AL WA * B 5 Arkn A5
gieHe7). mebd A Gahy ndge] ouuE B
£ Zolelld] USG7E 2490 Aol
A AlEEofok h, USGE] &2 Al
9] 7KsAo] ke glojol H] Wby AL 3
o] 57} Hlojo} & Zoltk, USG: gk %40
AHga el Aol glok Aluba/EAs e
HE% ol ARl F-2 Washs v fEa
»a] &= onjr 28]. MRA= H]—,\}/Hz/\}ﬁ_ J]—aﬂ}q H]
AGH 0w Ade] ThsstEm AelA AHge] Z
Pkt glonh, dotolAt A WS Bew
SR W} Sk AT, FMD7} €919 of ol

topril A3l &4 AalA) (angioten-
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ozl Wio] Qo] AL Frst 5t
[29]. ek A1 Eire} BFe] s Edehs Al

28 718 LR S Aol Ak o] go] Tk
Argoltt. CTAE MRAS) Hlawste] o sidert =

O} AT ZARO] e Zlo] W*Olt} 3xH <

& xR ofy] WA RS

u, 250 BRS A 5 9l A o o

SHEA FkeH26]. 4

a

A dtol AE] w2 7§—°r7 b o
5] "k "ojrme]= Zlo] FQ3itt HOth a=ivds
A2 2 E2 23 (calcium channel blocker,

CCB), Hle} P4l (B blocker) S WA Alw=ah,
7ba X 5ol §h3o] SF5E]1 Zlo] Al d3 1y
o] SAolrh. ACEIY P 'L =84 A A
(angiotensin receptor blocker, ARB)$%} o]
RASe 9= = F = A= w710l o)< oF
A 28 7148 vE2y FEAFARAEE el
ost /‘FrLiﬂ o3} ¢h= 9 7‘5:% Hojrme] 34 AT
. BT R Aofof| A

Al Ego ﬂ ﬂxl 1 wAlE o s HHoR

A W= FEE o Beste12]. ey
o} A& atEue] HgIeh W 71 Aol
argegaolt 549 Hgol oelul ok
SGEQYOE WeE Hold & A% Fostel

ACEIY} ARBY Fols wejdh 4= 9tk o] 4%
dimercaptosuccinic acid (DMSA) Ao 4l
V5& FAsR Rl AecHI2I,

3t aolalgels|®] A 158 Al 1 & 2011

2) Zuld M=

(1) A9 ARG

golo] gy etAr F&o] x| AL Aztst
Rakgol ke 24 394N B4 (percu-
taneous transluminal renal angioplasty, PTRA)
S 73 4= QItH[32]. AJQle] FAFEMAIE S <
3| T-E0] Lo} Al el AokElA 2 4 Uk
Al T A2 =aA] ot B A5, dyk )
o] o = o} JAsHAQl AllE oF7Ist
= SETh A7k ARl Al v skl
o] EEANE gHkd = glov s Hyke|elgle] A
A7} B g8kt PTRAS] Ad 42 teksto] Kalzto|
i} 28—94%¢°] o] EtH[12, 33—-35]. o]= xItte]
WS17h A U] @5l FMDo] 9] o
Flok= W3} 7o od==A) A glo] Eukg A9} uky)

wOR S Erh 5‘5?& e %“ﬂd B A W
da A o5
PTRAS] *é’ﬂ = é’“&h o T8 f?} ks
PTRAZ ¢ W3-& gush= 3lo] ofHe 4 2~
WE A1IE mejsielol .

(2) Al g 2~"HE 444

2l 3 2~"E 49 (renal artery stenting)
7] AT StelA] QA 7] el Aol M Mg
o] w=te] hgolrk. el PTRA AF Aahe
ol F vjekd 5 9tk 49 Fol FHoz
A 2go] Thed 2RETE Soleli: o st
[36]. Thehre] S} BghigAolt @]
o8] ZRlE o) AE ] WA [37], o= el
E 4914 482 H) oFdolth. R 359 S
2 A 5ol Algo] F 5 Arks A% Mg 1eiH

ofof sh= Aol tH38].

3) &=

Fad AR o] He dAf= ok AEY
Sl Aleh fxjolt). A W2 daA)
B e Azl
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A = Qlofok skt o gk el s 2k e &

7] oJH k. AdRleA] 2rol= BAl A (saphenous
vein) = A& $ FHFA E 3k o] 20% o1
OF LofelAE= %71°1E‘r[39] #oﬂh 2 E
=2 S oA
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QA i APl dAe —r—ro}oi nEte
K77} 36—=70%, 270] 26—56%°] 3t} A&
O] AARES FAIR 7 Sl Aol HARe-S A
ol ZotelA] Ao EAl= UTHI12, 40, 41].
Stadermann &< T 7]l 30 =4 A
I 2l g 18] 90%7F EA o i]

259S-S Busle] 2=%o] &3 X EHols
STH131.
Al mEet
1.9 9l
TR F579) AFA A, AR Dol

A 18-S FE8kH (Table 4),
2 AFFAA S Wt e el o)tk

N
N
o3
rlot
gg
rg

[42, 43].
Aol o3kl 4 Aske] AR E 1 H}
o] FHkeT) AFd A4 thd=EAl (autosomal do-

minant polycystic kidney, ADPKD), 24|

A g4l (autosomal recessive polycystic

kidney, ARPKD),
kidney), ¥144341Z (juvenile nephronophthsis),
Denys—Drash &5, A% A&d5-5olx 18t
o] FRk= M, o] delli= Ulitn| Al oo s desd
Liddle S5k Aol 1A Hulat] )
H(epithelial sodium channel, ENaC) 4=}
o] Yoz, 1 Ay E At AT
_T_’Q e Zoigto] gheRTH44].

A5G (medullary cystic

Table 4. Renal Parenchymal Diseases Associated
with Hypertension

Glomerulonephritis
Acute post infectious glomerulonephritis
IgA nephropathy
Membranoproliferative glomerulonephritis
Rapidly progressive glomerulonephritis
Focal segmental glomerulonephritis
Systemic vasculitis with renal involvement
Henoch—Schonlein purpura
ANCA vasculitis
Polyarteritis nodosum
Systemic lupus erythematosis
Hemolytic uremic syndrome
Interstitial nephritis
Hereditary diseases
Autosomal recessive or dominant polycystic
kidney disease
Medullary cystic kidney disease
Juvenile nephronophthsis
Denys—Drash syndrome
Sickle cell disease
Liddle syndrome
Congenital renal anomalies
Vesicoureteral reflux
Obstructive uropathy
Muticystic dysplastic kidney
Horseshoe kidney
Segmental hypoplasia
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o Wefo] g A5 AATHRLE
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ARA A1 ol 2lell e vheket e Aol WA
A1A & (chronic kidney disease, CKD) 2. %2 %13
shAA DS st A9 Jest 7&
O}WL 21 4ol Fashy, ofuwsh Tt &

oﬂL S %‘_; HE|ads Hols CKDE 133t

& UrE]rUr CKD 17]°ll 63%2] o} ]/\1 CKD 4
718} 571elli= 80%°l ]#‘i— glopo A 1P Sto] &
dhe @] AlH-A(end stage renal disease,
ESRD) o}e] 50%7F 3918 Gard Al Foief
oA s WA e BAlty dH T E
% Al A L E o] Rk E Etekal Ak
dol FElskA] ol Aok A7 CKDE °F3kA)7]
T3 Axfo]| B 7 CKD Rl = dAs Ik
2|7 Aasirt. tivkre] CKD $Ak=2 g9l
=2 ¥ oYz} A B (left ventricular hy-
pertension, LVH) 3} 22 11& 9] gy5o] sHt
w3 397 Brh47]. gEo] CVDE Aob]el Al
2 CKD 27} 4dQ17ell o25ls wf AP
FQ3k dlo® 40-50%°] ol2rH[48]. wkEbA
CKD #AtollA a1dto] gRIxH, ok A5 o]
of 37 4719 & 2] el #efrk desit)
W 25kt Qb AR 7P T8 AR AT
2O 7 AlFr|ofof Firt.

A
rlo e
_‘d
O

@

Mol o
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2. He| 7|1
RASE gl 93 7+ 79 LH"Er*H]ﬁ]C’]EL,
2173 8 geld= RASS] S48t 7 a3t o
s sttt HdS YA T (glomerular
afferent arteriole) &) AFFAG4A] (juxtaglome-
rular apparatus) olA AFEAl 5 AS} At
A, WAHAIEA L] e whgste] En]Eth[49].
A o]9] RASS] A& dFoll EAlsitit &
BT}, Aol Hulg Ade ghol A Hulg ot
Z) @ BlA| =71 (angiotensinogen) & <A @ BIAIT
(ANG D) 2.2 #HZA7]a1, o]= ¢kx| e Elal Agt §
4~ (angiotensin converting enzyme, ACE) ]| &
ato] st dat F5AQ A /AL T (ANG 1D
2 Agdrh ACEE 53t dF9] Zhest sy
Zﬂ?_] bradykining =8/38} A1Z1tH[50]. ot
% A o lu Azl e 95 F-9
W7} 7Hashd, ool wkgate] #do] Frketal
o] ANG II°l| 9jal s7ie I H4aE fsto]
HghE =3I0H[51]. ANG 119] $7R= 959 A
Hdl, S WA 23 Ak E (mesangium)
ML) F23 ArskE frdato] 2aH 02 uEst
S oFAITH52]. BEE ANG = $-419] zona
glomerulosa®llA] dEAE|E2] oS 221471t}
ULEAEES AUF ARt Xekr HHE S7le
of i A RFT7IE sl d9s £9
CH53]. H ArellA dEsEE 8 AL
SpironolactoneJJr eplerenone?®| @ﬁmwﬂg 7]
s T TAATIL 8 BALE ST
CKDellA 214F3kel CVDE Aslish= Zlo] Baly
WAl TP CVDolA dEidEe ogo] 55
< ¥ Uth54, 55].

A A5e} ole W % S7HE CKDEJ
_’Qohﬂ Aoz 2 AHct ESRDS}F CKD gl
T AN ML) dgo] FTLSIATHE6].
1314 T4 FR Bl AT T7ket Aot 3t

Lr>
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WA} okstol ANF 7} ]9 Bl

ol Zow AzkA. o) £ F9l 84
*

F 2841737 (sympathetic nervous system,
SNS) 9] @xlo] AN F7hel FaatA 18
AT AT Aot Barg A% daat Al
LJ,lr /\},:FLX.Hoixl—x]‘: SNSQ] zx%il ]:ﬂ-.“:_;];}.. }\]XOL
SNS9 R dbs 521717 GFR& #4A7]
A ERE AAAIG(68]. sE Y Ry
ARl mESh gAfel A wBotmeddl o] TR
S A% SNSQ akxlo] gelx|glon] Al
A7} mﬁ?ﬁ% G11E SNSE FAlo] EA7)=

?%73% ZEHOP”‘] ’\]Qﬂr “ﬁ’do]‘)r A G 22 Al
A% SNSO &xlo] Barxo] ek Aol 7]
oJgk Aoz F4H}H60, 61].

CKD2] A 5efA &3] 2ol W ok 1d
S FUsit) Erythropoietin (EPO) 4=l
A ke AT o7]oll= A4 i =
2~8 39} Nitric oxide WH5-2] 4>, @4 endothelin
o] S7k e AR AH7A AT T
shh62, 63]. Glucocorticoidb mineralocorticoid
wafe] Q& 7 AFE ekl RASE A3tk
[64, 65]. Cyclosporm A¥ SNSE #A}=3}al en-
dothelin 1 #1]Z Z7}x]7]18] RASE 2}5310}H[66,
671. 3% T2EE A9 AlwdelA] FEI F

o

2E
AfE e o qduH6e8].

w
i
HU

1) & gt
B|gto] glote] HFgtef| 7of sk ulrt Qlrtd A
& Folof 3t} AN CKD @atellM = 7152 0]

2 30
o £ T

Pﬂr o, xﬂz 0121015 sk
FtEE Al dve R oS 9t
E‘r[51

Q gl ok Agol A 4 A
H= Zlo] $-Ao|tt AL A| ] Al AE
o7 7Fsah, A4 k] Solo = ) Ak
W2 o] Aol oHs Fogl

2 st 24o] 7hssht69].

O m ok N oo
J&nﬁ;mrlrr_f
[JE‘BL&_'
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N
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N

N
~

2
MU JO
)

i
Rall
HU

rlr

—E— A1718] CKDelM a1 ee) 5
327 vEeto =z AYgS Wy

A7 Foto] A E ] o=
T, oFE X RS AlAFetofof St
o] A7) A st Fote] 60-70%
PAet, Aot o= ACEIS ARBZ} /3
oA B} de] 2o]i QITHT0, 71]. Hu]elA
OIS oz Al AiEAl Ao
47%7} ACEI, 37%7} CCB, 7.6%7} B blocker&
A2 ] 12f oAl E AdEaigion, A4 a1
3t A= 84%04 ACELE 17} oAl R A Elstl
CH71]. oIS e = 285 o]l v 9
&k Akeks a1E|stolof st} = thiazide & %F,
iz TS DA BF BRI A olok
o, 3 blocker= YRFA O 2 72|}, A2, Tz
anagol Y= 3¢ #7loltk CCBE CVD7L 9
230, ACE= 94 ol 37]o]

f
o
U
O
U
1_.

=
)
r ]
o
]
o]::
E
39

o
Rl

et 9
A

B > o uS i
oX,

(1) ACEIS} ARB

ACEI$} ARB+= &St et a3 olglel A7]s
o g3 7| = Qlo] de] 21tk RAS )
of &3t AV HE avhs il A FEAN
A A= (efferent glomerular arteriole) 2] A€l
2 o]l &gk Ab Al i b ] Ash 2ol &
Asad, Tstadel 71QistH52]. o]9le®
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RAS 9}#]:= CKD2] SNS &7l-& ?}Zt/\];ﬂﬂrWZ].
ARl = T oA Folo e
-, ACEI9} ARBS] HEX 52 ‘ﬂ.h‘i%: A

1 CKD2 A3 Aafed 4= dvkal Ruxglont
[73, 74] Zoleld= Aol =t
T AP LS ST F Atk %
L estofof gt

(2) CCB

CCB&= 8¢t dae A2 14 oAl 2 vh-&-
A o= A HYRA ol A 1} oFAlel] Frlsto]
o] 2x¢lt}. Dihydroproline (DHP) A9 ¢k A
ol] FA8-5 Yo7 o= thal ARRAIUE- dst
S S7M7) 2 SR E fsks WA, non—DHP
A9 oFZ whly AR Belth e Al
oAl PR 1HAS S7HA7I= Zlo] HalEo] ARg-e]
FoE Q3}[76].

(3) B blocker

B blockeri= 23} okA| & 29 4= 9t} 415710
EREE SloteA= FEE e8th A"propra-
nolol 8} st H-8stm® & ofo]Zoll A ARG
gk 9ok, B 1 AE atenololo] delA A5
Hrt51].

(4) o]xA

Zx0F CKD Aol A=
Fol ARl g2} vlwate] oA
= = R 57}7} =% $ololA] thiazide 9}
loop O1%=A7} - AFE 28 d 788 A
o7 dA 9\}1’/}. Thiazidet:= 12} kA2 dg] 2
o]u} GFRo] 7Hashd fraido] "olA, 5
A+o] CKDel|A+= furosemide”} o &

(5) MZ$- RAS A&l
44 A=A spironolactone
& O]FFE el Agxof gttt S AetrlT]
= o] 2lel A-Ho] Rk FERpoll A ArES T
A 7= Aol BaEoe] gkov} mineralocorticoid
FgA12] Aelrdo] WolA progesterone 2= testo-
sterone?} A¥E FAGO T ARgo] AghE ok

10 ox
2
oF
o
F1°1'
_O|L
X

1:0]

S5 1],

Aldosterone <8

tfgaopal et s]A] A1 15 A Al 15 20114
SA AgAI1
eplerenone®] el E=JE™A aldosterone©]
T A5 A2 JarE FEYA QIeH77, 78].

Renine RASS] A|dbdo| B &2 o]2%] 07 RAS
Ao AA| H3x7} Fojof st ACEIS] A¥2
Z 7HEojgkt). ACEIS} ARB F9] <9 renin®]
F7Fl lvhs AFAE renin® A7 18 249
E E 5 loke 2l AR 94 renin
AANAIQ] aliskireno] # A7HE ] vRE oFAl| 9} H]
wato] debdel aart WolAA| ¢kgol 5
o, AAFY I 2-TR R e S FES)
oF t}(79, 80].

Aot grtofl A= vol, AlA, ALY =S Tl
o AdRleA o] HaL Sl thekdt SkAlES
vkE Agslr|ol= Algto] whEt), Egh k)
=50 AR Ak = ghell glvk ©
AFHS Abetr wl=r AW 2oy (Food and
Drug Administration) 9|4 Zofel|A] 248 &4
3t kA= http://www.fda.gov/oc/fdama/default.
htmellx] &R13t 4= it}

= AeA mineralocorticoid

Wy

3) A MZEH|

&3k vl A1 SNSO| @xlo] 113

ek s7HA] 71Kol B o]F S]A o7 A
sto] Y-S 2EstelE Al=r) vk Al 2149
A7 (percutaneous, catheter based radio fre-

quency ablation) 7} X| 8ol W3} b= u ¥t

o]-vo—

Al A Al e o] Fadh A4S Wtk it
ATHB1]. =3 Akl W 573733% 9 A9
of thet gkse] Ayl A sy, okEx| Rol uks-3)
Al ¢z 1 ESelM A 59 tijte g a1e 8] tiido]
tHB2].

| B

_9_



D

2)

3)

4)

5)

6)

7)

8)

9)

10)

11D

A5 Astel CVDY 913E F7 A7lER
st A wrh Bes,

=

References

The fourth report on the diagnosis, evalua-
tion, and treatment of high blood pressure
in children and adolescents. Pediatrics
2004;114 (2 Suppl 4th Report):555—76.
Londe S. Causes of hypertension in the young.
Pediatr Clin North Am 1978;25:55—65.
Din—Dzietham R, Liu Y, Bielo MV, Shamsa
F. High blood pressure trends in children
and adolescents in national surveys, 1963
to 2002. Circulation 2007;116:1488-96.
Flynn JT. Pediatric hypertension update.
Curr Opin Nephrol Hypertens 2010;19:292—
7.

Feber J, Ahmed M. Hypertension in children:
new trends and challenges Clin Sci (Lond)
2010;119:151-61.

Chiolero A, Bovet P, Paradis G, Paccaud F.
Has blood pressure increased in children in
response to the obesity epidemic? Pediatrics
2007;119:544-53.

Flynn JT. Hypertension in the young: epi-
demiology, sequelae and therapy. Nephrol
Dial Transplant 2009;24:370—-5.

Assadi F. Relation of left ventricular hyper-
trophy to microalbuminuria and C—reactive
protein in children and adolescents with es-
sential hypertension. Pediatr Cardiol 2008;
29:580—4.

Lubrano R, Travasso E, Raggi C, Guido G,
Masciangelo R, Elli M. Blood pressure load,
proteinuria and renal function in pre—hyper-
tensive children. Pediatr Nephrol 2009;24:
823—-31.

Feld LG, Springate JE. Hypertension in chil-
dren. Curr Probl Pediatr 1988;18:317—73.
Rames LK, Clarke WR, Connor WE, Reiter
MA, Lauer RM. Normal blood pressure and
the evaluation of sustained blood pressure

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

elevation in childhood: the Muscatine study.
Pediatrics 1978;61:245—51.

Tullus K, Brennan E, Hamilton G, Lord R,
McLaren CA, Marks SD, et al. Renovascular
hypertension in children. Lancet 2008;371:
1453-63.

Stadermann MB, Montini G, Hamilton G,
Roebuck DJ, McLaren CA, Dillon MJ, et al.
Results of surgical treatment for renovas-
cular hypertension in children: 30 year
single centre experience. Nephrol Dial
Transplant 2010;25:807—13.

Baumgartner I, Lerman LO. Renovascular
hypertension: screening and modern mana-
gement. Eur Heart J 2011 Jan 27 [E pub
ahead of print].

Plouin PF, Perdu J, La Batide—Alanore A,
Boutouyrie P, Gimenez—Roqueplo AP, Je-
unemaitre X. Fibromuscular dysplasia.
Orphanet J Rare Dis 2007;2:28.
Ingelfinger JR, Newburger JW. Spectrum of
renal anomalies in patients with Williams
syndrome. J Pediatr 1991;119:771-3.
Deal JE, Snell MF, Barratt TM, Dillon MJ.
Renovascular disease in childhood. J Pediatr
1992;121:378—-84.

Slovut DP, Olin JW. Fibromuscular dysplasia.
N Engl J Med 2004 29;350:1862—71.
D'Souza SJ, Tsai WS, Silver MM, Chait P,
Benson LN, Silverman E, et al. Diagnosis
and management of stenotic aorto—arterio-
pathy in childhood. J Pediatr 1998;132:
1016—22.

Deal JE, Sever PS, Barratt TM, Dillon MJ.
Phaeochromocytoma——investigation and
management of 10 cases. Arch Dis Child
1990;65:269—"74.

Koskimies O. Arterial hypertension develo-
ping 10 years after radiotherapy for Wilms's
tumour. Br Med J (Clin Res Ed. 1982;285:
996—8.

Sozen H, Dalgic A, Karakayali H, Baskin E,
Saatci U, Arslan G, et al. Renal transplanta-
tion in children. Transplant Proc 2006;38:
426-9.



23)

24)

25)

26)

27)

28)

29)

30)

3D

32)

Han M, Criado E. Renal artery stenosis and
aneurysms associated with neurofibroma-
tosis. J Vasc Surg 2005;41:539—43.
Nystrom HC, Jia J, Johansson M, Lambert
@G, Bergstrom G. Neurohormonal influences
on maintenance and reversal of two—kidney
one—clip renal hypertension. Acta Physiol
Scand 2002;175:245-51.

Higashi Y, Sasaki S, Nakagawa K, Matsuura
H, Oshima T, Chayama K. Endothelial func-
tion and oxidative stress in renovascular
hypertension. N Engl J Med 2002:;346:
1954—-62.

Tullus K, Roebuck DJ, McLaren CA, Marks
SD. Imaging in the evaluation of renovascular
disease. Pediatr Nephrol 2010;25:1049-56.
Brun P, Kchouk H, Mouchet B, Baudouin V,
Raynaud A, Loirat C, et al. Value of Doppler
ultrasound for the diagnosis of renal artery
stenosis in children. Pediatr Nephrol 1997;
11:27-30.

Gao J, Ng A, Shih G, Goldstein M, Kapur S,
Wang J, et al. Intrarenal color duplex ultra-
sonography: a window to vascular complica-
tions of renal transplants. J Ultrasound Med
2007;26:1403—18.

Dellegrottaglie S, Sanz J, Macaluso F, Ein-
stein AJ, Raman S, Simonetti OP, et al. Te-
chnology Insight: magnetic resonance angio-
graphy for the evaluation of patients with
peripheral artery disease. Nat Clin Pract
Cardiovasc Med 2007;4:677—87.

Vo NJ, Hammelman BD, Racadio JM, Strife
CF, Johnson ND. Anatomic distribution of
renal artery stenosis in children: implica-
tions for imaging. Pediatr Radiol 2006;36:
1032-6.

Wong H, Hadi M, Khoury T, Geary D, Rubin
B, Filler G. Management of severe hyper-
tension in a child with tuberous sclerosis—
related major vascular abnormalities. J Hy-
pertens 2006;24:597-9.

Konig K, Gellermann J, Querfeld U, Schnei-
der MB. Treatment of severe renal artery
stenosis by percutaneous transluminal renal

33)

34)

35)

36)

37)

38)

39)

40)

41)

3t aolalgels|®] A 158 Al 1 & 2011

angioplasty and stent implantation: review
of the pediatric experience: apropos of two
cases. Pediatr Nephrol 2006;21:663—71.
Hughes RJ, Scoble JE, Reidy JF. Renal an-
gioplasty in non—atheromatous renal artery
stenosis: technical results and clinical out-
come in 43 patients. Cardiovasc Intervent
Radiol 2004;27:435—40.

Watson AR, Balfe JW, Hardy BE. Renova-
scular hypertension in childhood: a changing
perspective in management. J Pediatr 1985;
106:366—72.

Tyagi S, Kaul UA, Satsangi DK, Arora R.
Percutaneous transluminal angioplasty for
renovascular hypertension in children: initial
and long—term results. Pediatrics 1997;99:
44-9,

Ing FF, Goldberg B, Siegel DH, Trachtman
H, Bierman FZ. Arterial stents in the mana-
gement of neurofibromatosis and renovas-
cular hypertension in a pediatric patient:
case report of a new treatment modality.
Cardiovasc Intervent Radiol 1995;18:414—8.
Imamura H, Isobe M, Takenaka H, Kinoshita
O, Sekiguchi M, Ohta M. Successful stenting
of bilateral renal artery stenosis due to fi-
bromuscular dysplasia assessed by use of
pressure guidewire technique: a case report.
Angiology 1998;49:69-74.

McLaren CA, Roebuck DJ. Interventional
radiology for renovascular hypertension in
children. Tech Vasc Interv Radiol 2003;6:
150-7.

Stanley JC, Zelenock GB, Messina LM, Wa-
kefield TW. Pediatric renovascular hyper-
tension: a thirty—year experience of opera-
tive treatment. J Vasc Surg 1995;21:212—
26; discussion 26—7.

McTaggart SJ, Gulati S, Walker RG, Powell
HR, Jones CL. Evaluation and long—term
outcome of pediatric renovascular hyperten-
sion. Pediatr Nephrol 2000;14:1022-9.
Trinquart L, Mounier—Vehier C, Sapoval M,
Gagnon N, Plouin PF. Efficacy of revascula-
rization for renal artery stenosis caused by



42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

fibromuscular dysplasia: a systematic review
and meta—analysis. Hypertension 2010;56:
525-32.

Arar MY, Hogg RJ, Arant BS, Jr., Seikaly
MG. Etiology of sustained hypertension in
children in the southwestern United States.
Pediatr Nephrol 1994:;8:186—09.

Simoes e Silva AC, Silva JM, Diniz JS, Pin-
heiro SV, Lima EM, Vasconcelos MA, et al.
Risk of hypertension in primary vesicoure-
teral reflux. Pediatr Nephrol 2007:;22:459—
62.

Warnock DG. Liddle syndrome: genetics and
mechanisms of Na+ channel defects. Am J
Med Sci 2001;322:302—-7.

Dillon MJ, Goonasekera CD. Reflux nephro-
pathy. J Am Soc Nephrol 1998;9:2377—83.
Gordon I. Vesico—ureteric reflux, urinary—
tract infection, and renal damage in children.
Lancet 1995;346:489—-90.

Flynn JT, Mitsnefes M, Pierce C, Cole SR,
Parekh RS, Furth SL, et al. Blood pressure
in children with chronic kidney disease: a
report from the Chronic Kidney Disease in
Children study. Hypertension 2008;52:
631-7.

Groothoff JW. Long—term outcomes of chil-
dren with end—stage renal disease. Pediatr
Nephrol 2005;20:849—53.

Griendling KK, Murphy TJ, Alexander RW.
Molecular biology of the renin—angiotensin
system. Circulation 1993:;87:1816—28.
Muller DN, Luft FC. The renin—angiotensin
system in the vessel wall. Basic Res Cardiol
1998;93 Suppl 2:7—14.

Hadtstein C, Schaefer F. Hypertension in
children with chronic kidney disease: patho-
physiology and management. Pediatr Nephrol
2008;23:363—71.

Wolf G, Butzmann U, Wenzel UO. The renin—
angiotensin system and progression of renal
disease: from hemodynamics to cell biology.
Nephron Physiol 2003;93:P3—13.
Williams GH. Aldosterone biosynthesis, re-
gulation, and classical mechanism of action.

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

Heart Fail Rev 2005;10:7—13.

Savoia C, Touyz RM, Amiri F, Schiffrin EL.
Selective mineralocorticoid receptor blocker
eplerenone reduces resistance artery stiff-
ness in hypertensive patients. Hypertension
2008;51:432-9.

Susic D, Varagic J, Ahn J, Matavelli L, Fro-
hlich ED. Long—term mineralocorticoid re-
ceptor blockade reduces fibrosis and im-
proves cardiac performance and coronary
hemodynamics in elderly SHR. Am J Physiol
Heart Circ Physiol 2007;292:H175-9.
Alvarez—Lara MA, Martin—Malo A, Espino-
sa M, Rodriguez—Benot A, Aljama P. Blood
pressure and body water distribution in
chronic renal failure patients. Nephrol Dial
Transplant 2001:;16 Suppl 1:94-7.
Weidmann P. Pathogenesis of hypertension
associated with chronic renal failure. Contrib
Nephrol 1984;41:47—65.

Dubinion JH, Mi Z, Jackson EK. Role of renal
sympathetic nerves in regulating renovas-
cular responses to angiotensin II in sponta-
neously hypertensive rats. J Pharmacol Exp
Ther 2006;317:1330—6.

Campese VM, Krol E. Neurogenic factors in
renal hypertension. Curr Hypertens Rep
2002;4:256—-60.

Boero R, Pignataro A, Ferro M, Quarello F.
Sympathetic nervous system and chronic
renal failure. Clin Exp Hypertens 2001;23:
69—-75.

Miyajima E, Yamada Y, Yoshida Y, Matsu-
kawa T, Shionoiri H, Tochikubo O, et al.
Muscle sympathetic nerve activity in reno-
vascular hypertension and primary aldoste-
ronism. Hypertension 1991;17:1057—62.
Carlini RG, Reyes AA, Rothstein M. Recom-
binant human erythropoietin stimulates an-
giogenesis in vitro. Kidney Int 1995;47:
740-5.

Vaziri ND. Mechanism of erythropoietin—
induced hypertension. Am J Kidney Dis
1999;33:821-8.

Sato A, Suzuki H, Murakami M, Nakazato Y,



65)

66)

67)

68)

69)

70)

71)

72)

73)

Iwaita Y, Saruta T. Glucocorticoid increases
angiotensin II type 1 receptor and its gene
expression. Hypertension 1994;23:25—-30.
Krakoff L, Nicolis G, Amsel B. Pathogenesis
of hypertension in Cushing's syndrome. Am
J Med 1975;58:216—20.

Scherrer U, Vissing SF, Morgan BJ, Rollins
JA, Tindall RS, Ring S, et al. Cyclosporine—
induced sympathetic activation and hyper-
tension after heart transplantation. N Engl
J Med 1990;323:693—-9.

Busauschina A, Schnuelle P, van der Woude
FJ. Cyclosporine nephrotoxicity. Transplant
Proc 2004;36:229S5—33S.

Johannsson G, Sverrisdottir YB, Ellegard L,
Lundberg PA, Herlitz H. GH increases
extracellular volume by stimulating sodium
reabsorption in the distal nephron and pre-
venting pressure natriuresis. J Clin Endo-
crinol Metab 2002;87:1743-9.

Charra B, Bergstrom J, Scribner BH. Blood
pressure control in dialysis patients: impor-
tance of the lag phenomenon. Am J Kidney
Dis 1998;32:720—4.

Bartosh SM, Aronson AJ. Childhood hyper-
tension. An update on etiology, diagnosis,
and treatment. Pediatr Clin North Am 1999;
46:235-52.

Woroniecki RP, Flynn JT. How are hyper-
tensive children evaluated and managed? A
survey of North American pediatric nephro-
logists. Pediatr Nephrol 2005;20:791—7.
Ligtenberg G, Blankestijn PJ, Oey PL, Klein
IH, Dijkhorst—QOei LT, Boomsma F, et al.
Reduction of sympathetic hyperactivity by
enalapril in patients with chronic renal fai-
lure. N Engl J Med 1999;340:1321-8.
Nakao N, Yoshimura A, Morita H, Takada
M, Kayano T, Ideura T. Combination treat-
ment of angiotensin—II receptor blocker and
angiotensin—converting—enzyme inhibitor
in non—diabetic renal disease (COOPERATE):
a randomised controlled trial. Lancet 2003;
361:117-24.

74)

75)

76)

77)

78)

79)

80)

81)

82)

3t aolalgels|®] A 158 Al 1 & 2011

Campbell R, Sangalli F, Perticucci E, Aros
C, Viscarra C, Perna A, et al. Effects of
combined ACE inhibitor and angiotensin II
antagonist treatment in human chronic ne-
phropathies. Kidney Int 2003;63:1094—103.
Lubrano R, Soscia F, Elli M, Ventriglia F,
Raggi C, Travasso E, et al. Renal and car-
diovascular effects of angiotensin—converting
enzyme inhibitor plus angiotensin II receptor
antagonist therapy in children with prote-
inuria. Pediatrics 2006;118:e833—8.
Sahney S. A review of calcium channel anta-
gonists in the treatment of pediatric hyper-
tension. Paediatr Drugs 2006;8:357—73.
Krum H, Nolly H, Workman D, He W, Roniker
B, Krause S, et al. Efficacy of eplerenone
added to renin—angiotensin blockade in hy-
pertensive patients. Hypertension 2002;
40:117-23.

Pitt B, White H, Nicolau J, Martinez F, Ghe-
orghiade M, Aschermann M, et al. Eplerenone
reduces mortality 30 days after randomiza-
tion following acute myocardial infarction in
patients with left ventricular systolic dys-
function and heart failure. J Am Coll Cardiol
2005;46:425-31.

Nussberger J,
Brunner HR. Angiotensin II suppression in

Wuerzner G, Jensen C,

humans by the orally active renin inhibitor
Aliskiren (SPP100): comparison with ena-
lapril. Hypertension 2002;39:E1—8.
Stanton A, Jensen C, Nussberger J, O'Brien
E. Blood pressure lowering in essential
hypertension with an oral renin inhibitor,
aliskiren. Hypertension 2003;42:1137—43.
Krum H, Schlaich M, Whitbourn R, Sobotka
PA, Sadowski J, Bartus K, et al. Catheter—
based renal sympathetic denervation for
resistant hypertension: a multicentre safety
and proof—of—principle cohort study. Lancet
2009;373:1275—81.

Paulis L, Unger T. Novel therapeutic targets
for hypertension. Nat Rev Cardiol 2010;7:
431—41.



