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[Abstract] Transcatheter renal sympathetic denervation with radiofrequency ablation has become a
new treatment for refractory hypertension. Recent studies have showed that renal sympathetic denervation can
also treat the diseases that are related to increased sympathetic nerve activity, such as metabolic diseases,
cardiac disfunction, arrhythmia, obstructive sleep apnea syndrome, polycystic ovary syndrome, renal failure,

etc. This paper aims to make a general review on the recent clinical research progress about renal sympathetic

denervation with radiofrequency ablation.(J Intervent Radiol, 2015, 24, 1113-1118)

[Key words] radiofrequency ablation of renal sympathetic nerve; refractory hypertension; sympathetic

nerve activity; clinical research

e 20 tad 20 4RAR, T ELZ A SR
I7 , ST VIR AR B 24 TR Y7 ™ 51 i I R
# . Smithwich %511955 4F I8 R H N A IBph 254]
FRATEST 1 506 il & M = i e 5, RIS 249 50%
SR M RAT ARSI, 5 AR A AR g i, ELAER
B 3 B AT 5 (H TR 5 A & LS PR I e 1
UIRe 2L MET RE g K e 45 IR A AE R, X —
FARKREZ W TG IR, Krum 5522009 4F 51K
w18 28 45 B AT 22 B Bl R (RDN) A A 4L
TETTEE S L, X — &I RDN R F 5% #4
HoﬁﬁkﬂﬁmNW%ﬂﬁﬁﬁﬁﬁimmEV
PR | 308 ] e WA ) i 1) il 2R i )

DOI:10.3969/j.issn.1008-794X.2015.12.022

E2WE: EREARFES(81471762) MEE TSR
HALIRE (W 2012-258)

YEF AL 210009 BERT  AREEREMRE hRERA A S A
SRR WL SRR BER D) R RFEEB (1)

EIEVEE . 34 M  E-mail: jinheguo@sina.com

IR0 7 3 0 ) TR T B e R PP U B 2 25 B Ak
(OSAS) 7% ﬁi&ﬁ'ﬁ 2014 AF—TRHUAE  FTRETE
FAREEHLN RBFFE R RDN S5 FARMIEL, 7EF%
R EWSE R FE R TG HE Y, X —45 54
NE, SIEAMTEH 4 RDN GRS 2L, 0K
RDN IIfi ROFSE 2E LA AT

1 BEXRMEREEEER

B S TR 2 A4 AR S Bl 2 R B AR 22
TERAEAE E S IKIME S IL TR B, Jf 5 l—J%/U(ﬁJ\Z‘ﬁ,
AT ]I RN I BES . Atherton SEUOFSYEFRI
PLE bk s R O (B R A S I RESE 2.0 mm
U I S 28 7 T 90.5% , TIHe it ) 45440 1
b RE S AT IRV, {8 RDN AR St ik vl fig

B A% AR IR T Te~Ly B BE R AMUA: , &
SR T B /N R Bk N ik A SR/ INSh K | g 3 i
B /NG REAE T SORL B LA B BR 55 251 B 28 B 48
OIS BT, B AR A 2R i 2 HVE IR R (NE) B,
FEAEE 3 AMER . OFEHTHE &L alA



—I1114—

I ABC 2 2015 4F 12 A58 24 58 12 8] T Intervent Radiol 2015, Vol.24, No.12

S Il D I AN /R B R (GFR) ™ A
MTB/NEREREE b ol B 324K 85 E /NEHUA IR
PEHIT O T ABR/NS ik 55 MR | 1 52
P P B3RO0 U O A /N EE IR OK Bl A
S AR EEPTIER

5L MR A YA TR Z A A R AR
ALY ERORAEAE B X, SRR
P A2 T P 0 B B R AR PRI A i n] $
Fe LT S TS 0 A o 22 T R AR B R Sk
THESE e, A M S RS R A~ PRS2 4
LA, A AT ZAL I i sl 1) T BT AR 2
AEROLIESS , W 4 B S 2 e IR 52
SR 2 SR Z A T

T LB, B A 2 KA n] A
B2 - A 5K 5K R -BE [ R 8 (RAAS) S I 26
i, P A E MU B T, SO RS T B O
1A AR GET I, e 2 T 208 L AR
D TTHEI ) OSASPREBIA

2 RDN i&fr &S mE

OO0 [ AL v 00 BB AR 7 3 Rk LA
RIS (B AE A BRI ) HAR A PR BT i
A BEREHIAE 140/90 mmHg (£FAG M R K 55 18
H 130/80 mmHg) LAF 2427 B A8 S 28 R G i TG A
H A I b d AR ], —J0U Xl [ v 1 e
4TI RDN A T HIHF5E (Symplicity HTN-1)/E K
38 RDN A F I, 50 4515 #6144 5 1 s e v
45 51455 RDN RIGIT, 5 BIATF A Ak bn fEfE R
XL RJE 1.3.6.9.12 4> H BT RDN RIG)7
B LA B4R 14/10 mmHg . 21/10 mmHg
22/11 mmHg.24/11 mmHg 27/17 mmHg, HH 10 {4
NE il R IEAK 47% , W] RDN 7] BEAIK s it 22
TEPE TS 0 BE 2 R I R TG B S AR s B X
WFFE3E IR 2 153 4], o 18 58 A 2 4Bl
S50 R RDN FERAE AR 2R GF e 1520 iF— 25
Bl A, RDN AR5 3 4F 835 1iLEF BIREAR 32.0/
14.4 mmHg, HA{A 16 B sh ks 7 75 ZAA
R 3 G R A FERE T TP AE T, A5 RDN RJCH
K WIRLE R W], RDN R —Fha] 2 A 30
TR0 R IR AR

Bl 5, Esler 55282 38 Z vty FFRCME T RE T
Symplicity HTN-2 BIF5% , 106 {57 [ ¥4 5 i 55 3% B
M43 A RDN I6I7 4 (n=52) 5% HRAL (n=54) , RJ5 6
A~ H BE B RDN 38 97 41 8 34 1 57 ¥R AIG 32/

12 mmHg, Hr 849% W4 T B8 5 >10 mmHg, 1
Xof B ZH R I TEBH B AR, A 35% WL 15T B i
JE>10 mmHg; RJ5 1 45, RDN J3 Y7 4 58 5 4 &
YIREA 28.1 mmHg, X RRZL B EA 51 61T 6 MHJE
122 RDN ARIAYT, Wi 244G 23.7 mmHg™;
ARG 34, BOE IR RIS 33/14 mmHg; AR A1
RAREAT ML 1 IR B EZEAL 1 6], eI & E
ALHE UM Bl 2 ) (Rb B ) FIBET 3 4,
M 5 45 Rt — A IE 5K Symplicity HTN -1 58 &
M, HET RDN RZ M KA,

BB Symplicity HTN -1 1 HTN -2 #f 5% ,2011
AR EZA IR TG TF R ETIEME B E BT IR
Symplicity HTN-3 #5250, 94 A 535 il [ 45 =5 1
JEE LA 2 0 1 BEPLS RDN 4UR1% B4, i i
H RS IR 5 R 245, W B2 4232 ' sh ks 2 (HOR
£ RDN, 6 4 H Bfiiji it RDN 26 FI X} FE 20 B 3 - 24
W4 15 53 59 R F% 14.13 mmHg 1 11.74 mmHg, 858
ERHIAH LA 22 5 (P ) 22 5 o4t i
0524 b AT W R 7 RDN 4 FDG RE 2
BRI S390 FR% 675 mmHg #1479 mmHg, 25 5%
TGt L RS NGB, MR TE R
M, LEIEAFE PR T RDN ARA Y7 [ 55 10 )4
AR, Symplicity HTN-4 BF98 A4 T
YERITITE S, R Symplicity HTN-3 J2& H AT %
JTER) RDN ARG RIS, (HId SR A AE—LE 8 . D
AT 535 il E A3 Ak 88 AN IR Ly, A ABRITEA
111 A REZAREEZ RDN FARZEE 2= thZkss
ARy NA'E SO E o =N PN
W14 ok H BN, T REAIFSY S Ok [ W AR
IR, AN TR e 5 i s £ 2 & o AL il I AN A
]34 QBF I B A 1 T BB/, AN 2 LA B Ge it
R REAEL,

T R RDN AR5 G ARl Ak B sh 5 R iRy T
(SSAHT) A %4 28 fige it [ #4 &5 1L = (DENERHTN ) Af
¥ K 106 A [ S 0 e A LA 1 1 BEAIL A
& RDN 41 (RDN 4545 SSAHT JA 7 ) FIxt BE £ (P
4fi SSAHT 1697, YT bEYi 6 1~ H &3 RDN 44
T BR2H B &S Y e 46 50 9 F [ 15.8 mmHg |
9.9 mmHg, ZFASZIT¥E X; #/5 RDN 454
SSAHT V& 77 HA T AF A R AR, DA T R A1 19
O IF AE KA I, AREP Symplicity
HTN-3 A58 PR LS Rk 2 4 5 RDN £0AR )i
TR R BL S E I R 5T, LASRAS 785 I IE
[FRESTRiN



I AT 22k 2015 48 12 H 58 24 3555 12 39] ] Intervent Radiol 2015, Vol.24, No.12

—I1115—

2.1 0 E P A R

AR BB R R AL R e S R, L S
ST 2 G 2 (A A IE R, 3 I 28 40 3
O AT SR AL, B R AR AP R g
JEAPZIEPERY ) Mahfoud 2542011 4F 1 K 4i2iE RDN
ARAERE A IR B tho n] ok £ B R A S i
RHCPT, I 50 7o [F] 14 5 1 e 8 (L 20
BIfEA TRV IR IR ) , 37 #i4:3Z RDN 597, 13 B4k
gL Windr O B4 , AR5 3 A H Rf1i & Bl RDN
2 BB BRI - BB A 32/12 mmHg, 4G AL
W AR BB i |, 25 MR B H (118+3.4) mg/dl % 2
(108+3.8) mg/dl (P=0.039), i & 2% ¥ & h (20.8+
3.0) pIU/ml F % (9.3+2.5) wIU/ml(P=0.006),C Jik
e 1 (5.320.6) ng/ml [% = (3.0£0.9) ng/ml (P=
0.002) , Fat A 7Y Ji 1 2 HE BT (HOMA -1R) 45 %4 i
(6.0+0.9) ng/ml [% % (2.4+0.8) ng/ml(P=0.001), I
IR 76 2 095 it F 3R 56 (OGTT) 7% 2 h I B K F F B
27 mg/dl(P=0.012) , B4k 1ML 2T 25 4 (HbA 1e) ¥k JE G
A AR 1 B ZH AR IR B R AR s A 4 e
k78 . HbA le WRJEAE 3 A A Wi JCHH A8 1k
(AT RE SRR, 76 F Bl U7 Ao [R) 5026, 1K P9 2T 40 A ik
FH R AR, AW B8 RDN RJG 6 1~ H
HbAlc WEIS PR, RDN AXS S8 £ il
KA A A 5 T B VE FH , £€ Schlaich 487 RFSE
1B —AUESE

SR, BB A A AAE RDN 55 (DREAM)
GRS FRIFR AR, & B RDN RIFA ek
W2 A B AR . 29 B4 A AR 2 A A
WitR e H WA, Hrb 5 BIEEA 2 BB IR
%, RDN RJGKETT 6 4~ H A1 1 4F, 2 I8 b i (7.2+
1.7) mmol/L 431728} (7.4%2.6) mmol/L(P=0.34) .
(7.0£1.3) mmol/L(P=0.34) , [ 5% Z ¥ & A1 HOMA-IR
FEBOOCH B U R ARG 1 4F RDN 41883 24 h
FIAMETFE TR T 6/5 mmHg, {8 [ 360 i &
HE R, ZR LG FE L, HIE A GEHERR
BN e b W & (e Y 28y I VR
F 2 LA A SR 2236 M (MSNA) K, 26 5142252
D FAR S (HRV ) K, 45 534 T8 B ke 4, &3
RDN RIEARERARAS AN 01, X —S5 R T
WFFEEA TN RDN ARSI G IA I TR AR,
W ZEF I RTREIR . OBE AEREAR] ,DREAM
I A BB 1) MSNA # TH e s>+, Q@
RDN RELVEI A T /0 T Al st 4, HErXF
RDN A fe & A ZE AL s i b, HHOC

ML B, 30 5 LT e B 2 JL Rt A R AT 5T
2.2 PR RO AR R

o I 2o 5 B sy (5 B ) A 1 o B f s TR
B, A A I T 0 P BRR S5 B R
1M RDN A 0] 3l 2D o & Ve ol R 22 0 s B2 %
Pokushalov 25 552 W5 RDN A 15 fii # Jk e 29
AR (PVL) X7 [ v ot s P B 2 e ke e sl s B )
5o, 27 BB ERENLS A RDN B6& PVIIAYT 4 (n=
13) Azl PVIJAYTF 2 (n=14) , RJ5 12 4 H B i
7~ RDN BG4 PVIZH B 1 A 5 R F% (P<0.001) ,
gl PVI AL T BB  RDN A PVI 41
TBIT B (TE s R & s PR R ) Ry 69% , I i
Tl PVI 4 29% (P=0.033), 5B RDN AR 7E [
AR [F 8 g ML B0 R 2 P ) TRD B, T 4 g
PrEifs iR, X —45 9 7E Pokushalov 25 B 5 (AF
FEPARLIESE

R T 0D B A K R AN RDN AR B H 12
CRIIVEH] , Ukena SESIRIFSE AN 46 (57 [ 4 5
WL B, 37 fil355% RDN YA ,9 Bi4E Rt B4
RJG 34 A BT & B RDN 48 R 1 152 F%
i 31/9 mmHg b, ##EO A F [ 4 K/min,
X — 25 A L5 S KA R A DA SE )
X0 O ) B AT RDN RIEYT, ARJG P
Sfiad R s, FBH RDN R0l H iR 77 0
St R E
2.3 o [P R A A O IR

SEIEAP L PG PTG NE Jiiis %, Dm0
ZE MR R R Z —  Brandt %45 IESE RDN
ARAERE R R FRIET AR B e 0 BHE Wik
Al FE AR U O R BFTEANA 64 {5l [E 4
F LR 2RO S AR R 46 Bil8252 RDN RIGYT,
18 BiYE AT IR, Wi ETE 6 A H By b AL
IiF  GFR | I3 i 44 7K S48 A TG B & 22031, {2 RDN
T AR AR HE R I R 14 () 3 A AR O T 28 B PR Dl
LIRNC R = G DTRG0 11| O TR o
EFakista], FERH RDN AR [F 4 8 1l R 22 0
S H 3 et TS AL I B 98 AR K85 B Schlaich
NIRRT AT EIZEMIZE R
2.4 JHE R IR OSAS

R [ 5 IR H R & OSAS, T OSAS AIJLIE AS
JERRRZE DTS | 0 IV FHE ) Witkowski 4574
TE X 10 i 4 R R AR OSAS 4T RDN Rif
57 ,RIG 6 S H B RT3 TR 34/13 mmHg, FFI
PHEMGHSFEE(AHL B 163 Wh TREE 4.5 WK/,



—I1116—

N N2

2015 4 12 H45 24 %5 12 81 J Intervent Radiol 2015, Vol.24, No.12

OGTT 71 2 h IfiUB#7KF HbA e #JE4351H17.0 mmol /L.,
6.1% F &R 6.4 mmol/L.5.6%, {HIfK &= i i
WA B ARk (PT BB SR W o PR ER ) 5
FEH] RDN A LE R R R RSt T B IR AHT FT HbA Te
IR B IS AS R R AR AU
2.5 A A 2 R B SRR AR

A I 22 M i T R e B EL T RE , DI 3K
ZPRIPHLEEGIE(PCOS) KM Schlaich S5z iH
XiF 2 {5 P 1R A PCOS #2547 RDN RIAYT,
ARJG 34 BFEREICH B AR, 25 7 AT T i
15, B2 5 R BRI RN 17.5% , GFR JR [ 48 A HE
RINREAR, S W4 B AR 25 T 1Y) MSNA Fll NE
Tl R FTREAR, 0 RDN AR ] 3 o F A1 52 J%
PR IGTEIRYT PCOS, (HIZMFFE A 2 {5l [ 1 e
MR PCOS B3, 55 B RAEA R 58 UE 55X —
e,
2.6 7 M R LR AR T RE AN 4

T [ R S RN e BRI G R K
WIAE A 2 24 G R B R AN s R 2 — H
B S B 0O LS e BT 350 Mahfoud %5°1/2012
AEHRIE RDN A [5] 74 5 i He 28 25 B U 1t 37 3 7
2 KB THEERIRZIR , 20 100 BHERR LR IEZRG
Ay T [ A 1L B 3, 88 f5il3% % RDN ARJAYF, 12
BIE R XF BEZH , RDN AR J5 3.6 4~ H B3 L4517
YR 22.7/7.7 mmHg.26.6/9.7 mmHg, S5 s ik
FHI71F5%8 (RRI) FH 0.691 53531 T B 2 0.674(P=0.037) |
0.670(P=0.017) ,*F-¥IEM &K C(cystatin C) .GFR K&
PRAE A TCH A8k A T R K&
R B B YA /b | i IR BB kT
PRJC i 2 U2 s 2B RDN AR AT REAR LT, B 4IC RRI,
AT AR AR B3 O 0 9 20 7 2 R B DI BE . Hering
SESUREGEN 1S G070 [ v i R A 3~4 Y18
WEEA A BH V1 GFR J 31 ml/min™-1.73 m?,
RDN RJ5 1.3.6.12 A H 312 = 1R 5 5 F B
34/14 mmHg 25/11 mmHg 32/15 mmHg 33/19 mmHg,
RIS 1 F AR 2 T R 4278 RDN AR ] 7E 51
PN 2 A AT S i 3 T o0 [T o L A T T RERS
B e
2.7 L JIEEE

5 S TR A 25 0 P 1 T AV o o B DR R R 4
HeME R, 20 T il E B N 2 — 20 BR8N ik
SRERE AL AR T B, PRISFRFSEAE R (REACH ) BF5E 5
YU T BRI T T R, SR R
112/65 mmHg, RDN AR J5 6 4~ H Fifi 1 i - 247 1fiL 1 [

fik 7.1/0.6 mmHg, It (LA | 1L 75 IR = A AKE 5090 F
K% 5.7 wmol/L 1.0 mmol/L, FF A (& REIRAG 2 I ik
2,6 min AATIE B A T A PRGN 27.1 m;
FW] RDN AR ] Jd .0 Sy 58 Ak, $e&is3h
i 52 77 , O A 0% o i

3 4iE

AR K HWTSE LB RDN A AT 5525 A8 06 ot 5] 44
o IR B I (R RO AL | AR AR
H&HY Symplicity HTN -3 BF5% I A 35 B WU 25 1 | 75
T2 NLR L 1 S8 X — B R . ORDN AR A
8k, Symplicity HTN-3 58 & B, SBFARHM L,
RDN AR IR fE b 2 B AR & R, 17 Symplicity
HTN-1 HTN-2 5% oA 353 28 1 JC B g AR
k5 B AT AT RE A i B S B S SR AN S 55 30 43 ]
P L AR RO, B A B A RN S 4 ]
WG B IESE , W E T R 2058 Ok SRR X — i
Bt @QRDN A% 41 RDN R IR 4E FEAFEAR T
FEAREAN I | ks | sk LA I & e
WA B IIREAN 4 FET-5E, Anfa) 5 4y Bl it
— AR B S R A LA 2> RDN AR I & E &
e K R — AR R , ORDN AHES P, BARBFSTR
78 RDN AR 0] HF477 H B PR 5 S8 28306 1 1 i
FRECE , (U A RIS 359 3 A 2 ot [0 44 v 1l
AN BT i ot [ g I X 3 B A 2 ] DR
T RDN AR 75 S AN A A 7001 1 44 18 11 14 58 B 4
PR B AT A IR TR SR AR T A

RDN ARAE R —Fpr AR w2 AAS N LA
—BAPEWF ST A Sk e S e BRI IR 4 R, H B A
NI —HE AR T T B0 22 T IR 2% 7 VA 1 s PR AVE
AR —HE, LURIS 7 IR UE B 2A0E G . A
A FORHE ,RDN RLEA T R AT 5, B iE
WA PRI RN, FH , (58 22 i3 AR £

(& % k]

[1] Smithwick RH. Hypertensive vascular disease: results of and
indications for splanchnicectomy[J]. J Chronic Dis, 1955, 1: 477-
496.

[2] Morrissey DM, Brookes VS, Cooke WT. Sympathectomy in the
treatment of hypertension; review of 122 cases[J]. Lancet, 1953,
1: 403-408.

[3] Krum H, Schlaich M, Whitbourn R, et al. Catheter -based renal
sympathetic denervation for resistant hypertension: a multicentre
safety and proof-of -principle cohort study[J]. Lancet, 2009, 373:
1275-1281.



I ABUR 2255 2015 4F 12 5 24 55 12 )

J Intervent Radiol 2015, Vol.24, No.12

—I1117—

[4]

(9]

[10]

[11]

[12]

Mahfoud F, Schlaich M, Kindermann I, et al. Effect of renal
sympathetic denervation on glucose metabolism in patients with
resistant hypertension: a pilot study[J]. Circulation, 2011, 123:
1940-1946.

Pokushalov E, Romanov A, Corbucci G, et al. A randomized
comparison of pulmonary vein isolation with versus without
concomitant renal artery denervation in patients with refractory
symptomatic atrial fibrillation and resistant hypertension[J]. J
Am Coll Cardiol, 2012, 60: 1163-1170.

Sobotka PA, Mahfoud F, Schlaich MP, et al. Sympatho-renal axis
in chronic disease[J]. Clin Res Cardiol, 2011, 100: 1049-1057.
Witkowski A, Prejbisz A, Florczak E, et al. Effects of renal
sympathetic denervation on blood pressure, sleep apnea course,
and glycemic control in patients with resistant hypertension and
sleep apnea[J]. Hypertension, 2011, 58: 559-565.

Bhatt DL, Kandzari DE, O’neill WW, et al. A controlled trial of
renal denervation for resistant hypertension[J]. N Engl J Med,
2014, 370: 1393-1401.

Bertog SC, Sobotka PA, Sievert H. Renal denervation for
hypertension[ J]. JACC Cardiovasc Interv, 2012, 5: 249-258.
Atherton DS, Deep NL, Mendelsohn FO. Micro - anatomy of the
renal sympathetic nervous system: a human postmortem histologic
study[J]. Clin Anat, 2012, 25: 628-633.

KWE—, B 3, SPE, B SR A R I RIORVG T A
PR MR IR RIS (1], e A%k, 2012, 21: 692-
695.

Kirchheim H, Ehmke H, Persson P. Sympathetic modulation of
renal hemodynamics, renin release and sodium excretion[]J].

Klin Wochenschr, 1989, 67: 858-864.

[13] Bell-Reuss E, Trevino DL, Gottschalk CW. Effect of renal sympat-

[14]

hetic nerve stimulation on proximal water and sodium reabsorption
[J1. ] Clin Invest, 1976, 57: 1104-1107.

DiBona GF. Nervous kidney. Interaction between renal sympathetic
nerves and the renin - angiotensin system in the control of renal

function[ J]. Hypertension, 2000, 36: 1083-1088.

[15] Liu L, Barajas L. The rat renal nerves during development[J].

[16]

[17]

(18]

[19]

[20]

[21]

Anat Embryol (Berl), 1993, 188: 345-361.

Morsing P, Persson AE. Pelvic pressure and tubuloglomerular
feedback in hydronephrosis[J]. Ren Physiol Biochem, 1990, 13:
181-189.

T, BRRE, A W B A AR SE R[]
AT IR, 2012, 21 441-446.

DiBona GF, Kopp UC. Neural control of renal function[J]. Physiol
Rev, 1997, 77: 75-197.

JEOHE, N, R, B S IEA AAR I RO  E
(T A ABU=2RGE, 2013, 22: 1-7.

Penesova A, Radikova Z, Cizmarova E, et al. The role of
norepinephrine and insulin resistance in an early stage of
hypertension[J]. Ann N'Y Acad Sci, 2008, 1148: 490-494.
Huggett RJ, Scott EM, Gilbey SG, et al. Impact of type 2 diabetes
mellitus on sympathetic neural mechanisms in hypertension [J].

Circulation, 2003, 108: 3097-3101.

[22]

Floras JS. Sympathetic nervous system activation in human heart
failure: clinical implications of an updated model[J]. J Am Coll

Cardiol, 2009, 54: 375-385.

[23] Grassi G, Facchini A, Trevano FQ, et al. Obstructive sleep apnea-

[24]

[25]

[26]

[27]

[28]

[29]

[30]

dependent and -independent adrenergic activation in obesity [ J].
Hypertension, 2005, 46: 321-325.

BRAT, AR, 28 B S RS Pk 2R R A5 Rl AR 7 st ]
Phis RGBT IERE[T]. ThAEA AT T A0, 2013, 1
65-66.

Calhoun DA, Jones D, Textor S, et al. Resistant hypertension:
diagnosis, evaluation, and treatment. A scientific statement from
the American Heart Association Professional Education Committee
of the Council for High Blood Pressure Research[J]. Circulation,
2008, 117: €510-e526.

Symplicity HTN -1 Investigators. Catheter- based renal sympath -
etic denervation for resistant hypertension: durability of blood
pressure reduction out to 24 months[J]. Hypertension, 2011, 57:
911-917.

Krum H, Schlaich MP, Bohm M, et al. Percutaneous renal
denervation in patients with treatment-resistant hypertension: final
3-year report of the Symplicity HTN-1 study[J]. Lancet, 2014, 383:
622-629.

Symplicity HTN-2 Investigators, Esler MD, Krum H, et al. Renal
sympathetic denervation in patients with treatment-resistant hyper-
tension (The Symplicity HTN-2 Trial): a randomised controlled trial
[J]. Lancet, 2010, 376: 1903-1909.

Esler MD, Krum H, Schlaich M, et al. Renal sympathetic
denervation for treatment of drug-resistant hypertension: one-year
results from the Symplicity HTN-2 randomized, controlled trial[ J].
Circulation, 2012, 126: 2976-2982.

Esler MD, Bohm M, Sievert H, et al. Catheter - based renal
denervation for treatment of patients with treatment- resistant
hypertension: 36 month results from the SYMPLICITY HTN -2
randomized clinical trial[J]. Eur Heart J, 2014, 35: 1752-1759.

[31] Kandzari DE, Bhatt DL, Sobotka PA, et al. Catheter-based renal

denervation for resistant hypertension: rationale and design of the

SYMPLICITY HTN-3 Trial[J]. Clin Cardiol, 2012, 35: 528-535.

[32] Rodriguez-Leor O, Bonet J, Bayes-Genis A. Renal denervation for

[33]

[34]

resistant hypertension[J]. N Engl J Med, 2014, 371: 182-183.
WEHEST, ¥ L SYMPLICITY HTN-3 255 IR R 15 5 4
FEEMSHMIEET]. PEEIRERS, 2014, 29: 404-405.
Luscher TF, Mahfoud F. Renal nerve ablation after SYMPLICITY
HTN-3: confused at the higher level?[J]. Eur Heart J, 2014, 35:
1706-1711.

[35] Azizi M, Sapoval M, Gosse P, et al. Optimum and stepped care

[36]

standardised antihypertensive treatment with or without renal
denervation for resistant hypertension (DENERHTN): a multicentre,
open - label, randomised controlled trial [ J]. Lancet, 2015, 385:
1957-1965.

Mancia G, Bousquet P, Elghozi JL, et al. The sympathetic nervous
system and the metabolic syndrome[J]. ] Hypertens, 2007, 25: 909 -
920.



—1118—

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

N N2

2015 4 12 H45 24 %5 12 81 J Intervent Radiol 2015, Vol.24, No.12

Schlaich MP, Straznicky N, Grima M, et al. Renal denervation: a
potential new treatment modality for polycystic ovary syndrome?
[J]. J Hypertens, 2011, 29: 991-996.

Verloop WL, Spiering W, Vink EE, et al. Denervation of the
renal arteries in metabolic syndrome: the DREAMS -study[J].
Hypertension, 2015, 65: 751-757.

Brinkmann J, Heusser K, Schmidt BM, et al. Catheter-based renal
nerve ablation and centrally generated sympathetic activity in
difficult - to - control hypertensive patients: prospective case series
[J]. Hypertension, 2012, 60: 1485-1490.

Hering D, Lambert EA, Marusic P, et al. Substantial reduction in
single sympathetic nerve firing after renal denervation in patients
with resistant hypertension[ ] ]. Hypertension, 2013, 61: 457-464.
Arimoto T, Tada H, Igarashi M, et al. High washout rate of iodine-
123 - metaiodobenzylguanidine imaging predicts the outcome of
catheter ablation of atrial fibrillation[J]. ] Cardiovasc Electrophysiol,
2011, 22: 1297-1304.

Pokushalov E, Romanov A, Katritsis DG, et al. Renal denervation
for improving outcomes of catheter ablation in patients with atrial
fibrillation and hypertension: early experience[J]. Heart Rhythm,
2014, 11: 1131-1138.

Ukena C, Mahfoud F, Kindermann I, et al. Cardiorespiratory
response to exercise after renal sympathetic denervation in
patients with resistant hypertension[J]. J Am Coll Cardiol, 2011,
58: 1176-1182.

Ukena C, Mahfoud F, Spies A, et al. Effects of renal sympathetic
denervation on heart rate and atrioventricular conduction in
patients with resistant hypertension[]J]. Int J Cardiol, 2013, 167:
2846-2851.

Ukena C, Bauer A, Mahfoud F, et al. Renal sympathetic denervation

[46]

[47]

[48]

[49]

for treatment of electrical storm: first-in-man experience[J]. Clin
Res Cardiol, 2012, 101: 63-67.

Brandt MC, Mahfoud F, Reda S, et al. Renal sympathetic
denervation reduces left ventricular hypertrophy and improves
cardiac function in patients with resistant hypertension[J]. ] Am
Coll Cardiol, 2012, 59: 901-909.

Schlaich MP, Sobotka PA, Krum H, et al. Renal sympathetic-
nerve ablation for uncontrolled hypertension[J]. N Engl J Med,
2009, 361: 932-934.

Lansdown A, Rees DA. The sympathetic nervous system in
polycystic ovary syndrome: a novel therapeutic target? [J]. Clin
Endocrinol (Oxf), 2012, 77: 791-801.

Hausberg M, Grassi G. Mechanisms of sympathetic overactivity
in patients with chronic renal failure: a role for chemoreflex

activation?[ J]. J Hypertens, 2007, 25: 47-49.

[50] fRFX, WIRE. LS8N A 23S 2 (YRR AN RBIFE

P[], AR H 2R, 2013, 17 386-389.

[51] Mahfoud F, Cremers B, Janker J, et al. Renal hemodynamics and

[52]

[53]

renal function after catheter-based renal sympathetic denervation
in patients with resistant hypertension[]J]. Hypertension, 2012,
60: 419-424.
Hering D, Mahfoud F, Walton AS, et al. Renal denervation in
moderate to severe CKD[J]. J Am Soc Nephrol, 2012, 23: 1250-
1257.
Davies JE, Manisty CH, Petraco R, et al. First - in - man safety
evaluation of renal denervation for chronic systolic heart failure:
primary outcome from REACH-Pilot study[J]. Int J Cardiol, 2013,
162: 189-192.
(WK H W . 2015-07-27)
(R34 1)



