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Catheter-based Renal Sympathetic Denervation for Resistant Hypertension

TANG Chao, ZHAO Lizhi
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[ Abstract ] Catheter-based renal sympathetic denervation( RDN) is a new non-drug method for resistant hypertension. As a minimally

invasive surgery, it can selectively ablate renal sympathetic nerve fibers and block the transmission of nerve impulse between central

sympathetic nerve and kidney and control blood pressure. There are many controversial studies on the treatment of resistant hypertension with

RDN. This article reviews the research status of RDN in the treatment of hypertension.

[ Key words ] Resistant hypertension ; Renal denervation ; Current situation of research

fe ML A S — Ay DA PR , 4Bk & N R
BN, WE) 2025 AERAE] 15,6 [N oA T
B ILHYA T I R T o MEVA T 5 I s 2 98 7R T 9
ORI A 7 2B AR b, R A B A T

3 Bl R 25 CHh L8R BRGR) T U ATSAS BESA AR B9
EIE . 20 40 50 4FAY, Smithwick ™ il T —Fh

DIBR NS i 22 1) T AR 07 3, VIBR S I 22 i 14 8
H MRS B] T B E D T AR RS BE U5
HR AR AR HL T B B O R, P E R RNIR T TR, X
Foftid i SRR BT b 22 19 7 e LA AT BT 2,

EETH Vi BRI 2014 4R RS
BINEE X7k, E-mail : zhaolizhi13883901587@ 126. com

B R4, 2009 4F, Schlaich 2 & 4k iH
TR R 2 S kS E ml oy =, S 159 2 Bk
MEVAPE R IR AR AT B R L & SR YT, R Tt
T FTE T P 0 8 ST Sl TR YR YT R A
PR E UG WV B AT B e (22 B
D A48% AT F WA T5% ), RJF BT 1 AR I R B R T
B, 4 5 LW E F IR INGE D 42% | [R i) A2 2 A0 5
SRk HR S At B 9F & SE. SYMPLICITY HTN-
1 WFE BB 1R 7 & R ARG B — B .
TMi,2014 4F % %19 SYMPLICITY HTN-3 Eﬁaﬁ/n%fp 1



- 156 - D MR F R 2020 4E 2 HEE 41 B 2 M Adv Cardiovasc Dis , February 2020, Vol. 41, No. 2

1 NATTRE 28 S48 A il 2 ' A2 SR 28R ((renal
denervation, RDN) 2R B2, ;X R KLAE | RifBE 1 L 2
O VRE R T AR BEATIEIA , B4R RDN 224 PEdEK
BRE L (HEZE 6 DA BT AL, IGY T 5 X IR 2 [H]
ML IR TE 35 2 57 ™7 o ph e S S S
ZESPATIE AR RDN AT g I 5 | S 1 4 SO T, 3
PIAE I — 2858 A58 S E AT FRRCR WA B2, B
¥ RDN IG5 i 1L A 5% IR A — 253 .
1 BEXEHEHESS0ENXR

AN 28 1) b FE M A v ML A 1) Ll BR 7
P S e 22 ) R IBT  y TTIO R AE E K R -EE
filil 2 4t ( renin-angiotensin-aldosterone system, RAAS) ,
TS IATG A 25 AP I A8 BEL g, 385 DR O JUE 7 i
FECL M R G E A, G0 T GO
DRI RN B 0 21O S o 2 R S
B PR LT Y G AP LT 4 5 1 i 4 4T 2 i R T
T8 ~ L1 A4 ] FMUAT: , 32 22 3 Fe A 46 B 1 48 L B/
bR AR KR5S IR 2 AR N LT Y b 2
PRAL T [ AR ZETT T6 ~ LA {8 AN LT 4 3225 T
T KA B 45 4 AT S 28 B
RN 22 B R R 020 s 10 T B A o S e 2 %
B IE B 52 0 T B I R i, £ PR IR AR
FHTBURLANN bR B1 3244, 2 B 3R 734, RAAS B
WO FEOUKAEET 5 (2) WEh B AT «l A B2 1L
a5 178 7 L, B O e D, N R R R
P A S I 2 0 I B 2 A IR A 55
B TE N B ARG b 2 B2 52 B RS 12 AR &
] TR X Bl 22 R GG 388 i Bl i 28 e A 2 B IO 4 n s
TG RAER I h g i R R
2 RDNWFARFHK

RDN S5 id i % 1) 1 B 3 Bk T 548, )] A st
REL T B e S S 22 21 448 5 ' I 22 TR A IR &, — e R I
A RAAS W0 , AT B BEAR R 0 B . B A2
JER 28 5 AR o3 A, 22 A D T Bk AR R R H S
Bl 35 A B Bl K A6 A S5 A S AT A AR T
PO S A A RS R R R M R B S B AR
e i w2, AT S 3] AR Il e i 4 T, B LA 58
FARITAGIEA I/ TS D RS2k 8] 6 25
P, HRTZ M TR I 202 o 0 B sh Ik 5 S 3 ik,
HEAT B Bk IS 52 , LAFERR W TR RN/ B8 78 46 AR 5 N
Bk i 4 SO U, F R B4R T 04 RE L &
IR il AT I A BE 12 e A, R AR RE R R R 6 ~
8 W, BKHFEE 2 min, B 54 38 W) R4S 1 ~2 om,
FRRIPE IR AR, H5 4 ~6 R, A2 T3k O AL,
KU 7 B 2
3 RDN WZh# KGR

Rippy %520t 7 FUNEEAT 32 YR B 20 fik i

Rl , I 2 Rl 20 ok kg xof B 2300 1 AR i AR S
LA 6 A A #EA7 B shliki& 52 , shWy 22 SR 5005 XN
B S DA TR B A A R R R AT Bl Ik ope 78 e
A AR B, 8 A B 7 B ST IR 28 ke AR 22 T
b, €1 AE 25 45 2H SUBRRh 28 00, b 28 A1 R A 28 TR
RSB Sk R 10% ~25% LT 4Edk, Shai ) 2
BREWIR, R WG E B 0 - LG A8 A0 S 1R B, AR
JR A B B D e AL, o L A X i
JERAERITE 45 Cal 50 CUAE T S4TSR A 28 S5
THAAR ARG 2 A AT 52 A BRAG A, K IIBIT 4R
S bk A 7 T R R, 25 I B B R o
R AR, 38 5 R e B Bl KR | il A T il
b, A s A LR G0 3l Ik 3, 156 e B 7
4% 47 RDN 2/ n[ 3ol shiyy e ideph 2 b 3l i
FIFEERVER
4 RDN HylaRiX I =R
4.1 RDN I jR#f 5T B FF i

2009 4F, Krum & iG8E EAT T — 3008 2 Ak
FINE AR YN 2 vhoC BABIBIE S, WF S8R 55 T 50 SR 1
IR AT, S PIAFF S N ASRERHERR , A
45 (IXEVR P e A S, D RAIE 22 4, R AR BRI
ZI AJG 14 ~30 d XA 6 4~ A B3 7 B 15 15,
PUR BB S ks FfAe . ARJS BETTIIN 1 4F, 535
TARNE 1.3.6.9 F12 A A& 8 E 2% M, 705 T
[% 14/10 mm Hg(1 mm Hg =0.133 3 kPa) .21/10 mm
Hg.22/11 mm Hg.24/11 mm Hg Fi1 27/17 mm Hg, [
A2 RDN RIS BB A TE 1.3.6 F19 4> ABEDTI
IS4 728 4k +3/ -2 mm Hg, +2/+3 mm Hg,
+14/ +9 mm Hg F1 +26/ + 17 mm Hg; ¥ X H & LR
s MBARF B 47% X b A 1 )8 % R
B BIkIe =, 2697 5 AR R R IBE, i T X I 5T
FITHAS BT 25 5, IR B T 3 by 19 22 Ak S EAl
RDN KR R AOR Jo 4k, Krum S8 AN A 5 BT K
TERASTE, IF T B DI [E], SYMPLICITY HTN-1
WF9E IE IR IZ AL T 2k B MR R | 56 [ F1
KR 19 AN HC (4 153 B A1 o iR B A
PRUESE WA =160 mm Hg, 22/ 3 il dne A4 5]
R s 245 1 (6 355 ) R 50 ) AT X L 42 o) ot s ) 6 7 o
ARJGHE 6 A A HATIZ MR 5 R P PEAS , & 12
AR 12 AEBE DA R & M KRS 1.3
6.12 .18 F124 4~ H 5351 F % 20/10 mm Hg.24/11 mm
Hg.25/11 mm Hg 23/11 mm Hg.26/14 mm Hg #l1 32/
14 mm Hg, Hrf 88 fil & 5E i 1 36 D HBfVI, &
BB FRE (32 £0) /(14 £4) mm Hg, BT A 8%
LA 1 B R A B SO A T SR A AR
Jed 3 Bl F LT (A5 RDN JC %), W,
SYMPLICITY HTN-1 #5345 R %00, RDN &—Fh 44> |



DM F R 2020 4E 2 HEE 41 5 2 M Adv Cardiovasc Dis , February 2020, Vol. 41 ,No. 2 - 157 -

ARG A T R B . i T 2 Ak e
BURR B RCR, (H R 5 R T AR 8 58 3%, B J5 , Esler
SEISITRRE T 22 Lt JERCRTIEYE B BE LT B I
PR 56 B 5%, B SYMPLICITY HTN-2 ¥, M F
SYMPLICITY HTN-1, 3% i3 36 [ B 18 44 A 8% PR 95 & 91
L 9 R (U =150 mm Hg) o 230 A 2
(T2, 106 BIXETA P i 1l e £ 35 B a0 A6, BEHIL 20
5 RDN JRIT4 (n =52) 5XFHRLL (n =54 ) , % BR 20 %
FHERAERE 25903697, 7R AT 6 S H B ARk Fr
TEAMATBERZ Y %, WV 6 A KW, IGTT
ZH I3 N B 32/12 mm Hg,78. 7% 14 B35 46 1
FREIEEE > 10 mm Hg, X7 HRZH 35% A4 S8 Wi 16 R &
EE > 10 mm Hg, 367 UL H I 2, HFAR I K 4E >
UL, ot £ 35 B D RE TG W R M, BIRE X A8 2 A 3
~4 WM R H A A 2 e, BEVT 12 AN KRB IGTT
2H R M RATE AR B R TR, H 5 AR )5 6 4~ H #H
2= A EA G X U RYT I RCR BB fa e
YR, IR YT AL 6 BR AL AR H B /N Bk UE i ULEF (A
IR C KT 225, B3k CT Ji T
B 524, FUER T RDN 497 55 Mgl 25 a7 vl i
HENE R mICH B 25, BEUi36 NH A, FARA
IMES-44 R % 34/13 mm Hg, Horb 83% (1) 5 2 W4 &
TREIE E > 10 mm Hg, 72% 1 8 #F W45 7K F %
=20 mm Hg, [A1JB03& A~ fifi 5 28 F2 , 1 4F Bl 5 i IR =5 14
AFE T EAAEBIRYT 9 9 49175 I =544 3 B = =
P B F AR L AERE 1 B i Fn 1 S s ke )2,
12 ~36 A~ H Bt 1a) & A= 5 7 B A% B 6 =5 1 & 3
4,2 il B Ufe e (5 RDN 3R JC0) , KA LS
W RSFIR YT JE B, i KA 2 BB SR R SE T A 1
BLCHEHRAE, A R E W H T R e W 5 FARTL
K, PHIAFFErIACA RDN ] fdiiye 4 s L S8 35 1R T
W20 3 4R I HIX Rk e SR 25ty TR RERR LR 7
4.2 RDN IgFRARZ 2Bk

BARIUAS T LA LR i s 2, JF 518 T 4 4 34
5 A8 2 AR AT X HAR 06 B A 97 25 R AT — 5 S
W FFRTDA B4, 2011 4F B FDA ZH 219 — 3l R
WF5¥ SYMPLICITY HTN-3 FFif, {56 1 1 58 hn ™, 5
ABTFARLLNE g 5 B R W I A8 52 == i %, B
W7 B 24 /NBF B A R O, 25 SR R A L T 54k
7K, RDN JRY7 4 -3 R AR 4k 6 S H R R (14,13 =
23.93)mm Hg, MiFRH T (11,74 £25.94) mm
Hg(P =0.26) ;24 /NI s 1M #8277 RDN I3 97 41 50
DR T RE(6.75 +15. 11 ) mm Hg, 8 FARH
B R A AR % (4. 79 = 17.25) mm Hg (P =
0.98) , “HL KRR A SET AR ER T
Guitr i 3, iz A BENSUERH RDN J57 70 [t
PRI 6 A 5 A s s 21 B S B ARG, 45 SRk

AKEFTEE B R — st 522 2\ R B 14 2k
TG ANBESE[R] T RDN AT EyA M = I 4 26 e, B R
S 46 2 WO PRV R AR 22, il e it RV E ALY N
BRI A (HIRIG BT ok B4 1 T i K B P
AN R 5= 1 AR GBS, [R] B A G 25 26 3 A 32 1A 50
Bt 22 SR BRI, 25 FARME B — B
4.3 RDN FEEHMTERTE

R4 SYMPLICITY HTN-3 #5245 AR A& B
— SO IR A T SR AR SE R & . 2012 4F, — TRt
RDN FIARUEAL B 6 B 7697 (stepped care standardised
antihypertensive treatment, SSAHT) 2% & 4 Y7 it [# 14 75
I 22 s L BEHLG BRSO I R 5T, 21t
106 {7l /EE 1 < 1 L BIBERLS> 4 RDN 37741 (RDN
454G SSAHT) XS HRZH (F4li SSAHT 79T ) ,iRYT 5 3h
AW £8 2 I, BT 6 A A BRYR YT A 3h A i e
P4 & % 15.8 mm Hg, %P HEZH -1 R 9.9 mm
Hg, =R BA G075 3,3 Bl E kA TR FR
IR (2 9IRS, 1 9] 20 B0 1 o ), BF 52 3% W)
RDN %54 SSAHT [ HRAIR H SSAHT 497 A 3 iR
FRAGCR: , FL AT B W8 AR 1000 1M 5 3 1) 2017 4K
UG 2 242 N AT 1) SPYRAL HTN-OFF MED #f
FEATRPHRIE R Z0 RDN SR T A4, il g 2 4k 58
FJ1 SYMPLICITY HTN-3 520 5 i — T AR PR 5T
ST E PR Z e R BRI BT AR B IR
WIS, H 8928 7 98 RDN 3 JiE RE 7 FRAK 1L, BF
FEI 353 {5 i S A 48 2 A B Al A FIHE B A o
e, g A 80 i B 3 A i g, H b5 2 (RDN
IGYTLH )38 ], X2 (e AR 42 1] ARG 45 3
DA WIREDT IR 2 24 /NE Bl A il e AR A A R KT
Wi V-2 R R 5.5 mm Hg(P =0.003 1), &F 5K E-F
Y NRE4.8 mm Hg(P <0.001) 122 V- 204 e [
10.0 mm Hg(P =0.004) ,£75K F -2 R 5.3 mm Hg
(P=0.002), il T A H A5 i e 4 FL 46 TC W ik A2
o ZBFFRISE S AE THERR TR R 259 1 T4, w2
TR BH S5 SR o] BEE, IE RS & B, FE N
“RDN 477 5 M R340 T A i g
5 45iE

H A ¢ T RDN Gl i £ a2 - (1) RDN 3897 AR
FIBERE, AR H A SN 25 AN 5 B A
2% A G AL REE R 24 A 1 1 I BB LT B R A, X
TER A ER U = 1l e AT REIT AN 3, [ S
PLET o e 1Y R8T, PR R &7 ok s v, IR I8 EE A
SRR LA S e A R T 5 (2) RDN R 45
YEJ7 2 0945 25 Pk A) J, SYMPLICITY HTN-3 i 4 b 38
Stz RDN 28565 FR A A bR n] fE 2 2 B0k
B S M S R 22—, i LA e AR A SR A O B T B
HHT R s —, BT AN o8, DY G 75 28 )™ A B oK



- 158 -

D MR F R 2020 4E 2 HEE 41 B 2 M Adv Cardiovasc Dis , February 2020, Vol. 41, No. 2

BRAF RS TP B — B ] 52 552 HT B9 J7 R 0 A0
FARICR 5 (3) H e ML AT AN TS 28, BRAE A A 52
S e S L N 22— (H L AlR B S e 22 B
T R 77 L IE A ) A A S ol 22 05 1 i T 18, A TR
AT IR 22 32 A AR5 1) 0 s AN e AR P L T
ML FAT R BE— 2L o

PR, i 2 2R 2 A ZO, BhA BT I R BT 5T,
JEAS R ARA BN BE DT WSS I 8] o 722 4 i Bl b
PRBEAR, Dy B8 (R AT Ik I = 4 A 3, [ s A
REB X Sl PR BT A AR SRR, 9 LA BEAIL I 119
WAE AT R RIR T 7 R A

& % 3wk

[1] Kearney PM, Whelton M, Reynolds K, et al. Global burden of hypertension:
analysis of worldwide data[ J]. Lancet,2005,365(9455) :217-223.

[2] Calhoun DA,Jones D,Textor S,et al. Resistant hypertension ; diagnosis , evalua-
tion,and treatment. A scientific statement from the American Heart Association
Professional Education Committee of the Council for High Blood Pressure Re-
search[ J]. Circulation,2008,117(25) :e510-e526.

[3] Smithwick RH. Hypertensive vascular disease; results of and indications for splanch-
nicectomy[ J ]. J Chronic Dis,1955,1(5) :477-49.

[4] White PD. Severe hypertension; study of one hundred patients with cardiovascu-
lar complications; follow-up results in fifty controls and fifty patients subjected
to Smithwick’s lumbodorsal sympathectomy, 1941 to 1946[J]. J Am Med As-
soc,1956,160(12) :1027.

[5] Mcgregor AL. Essential hypertension,a five-year follow-up of operated cases[J]. S
Afr Med J,1952,26(9) :157-161.

[6] Schlaich MP,Sobotka PA,Krum H,et al. Renal sympathetic-nerve ablation for
uncontrolled hypertension[ J]. N Engl ] Med,2009,361(9) :932-934.

[7] Krum H,Schlaich M, Whitbourn R, et al. Catheter-based renal sympathetic den-
ervation for resistant hypertension ;a multicentre safety and proof-of-principle co-
hort study[ J]. Lancet,2009,373(9671) :1275-1281.

[8] 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(9) :528-535.

[9] Bakris GL,Townsend RR,Liu M, et al. Impact of renal denervation on 24-hour
ambulatory blood pressure : results from SYMPLICITY HTN-3[J]. J Am Coll
Cardiol ,2014,64(11) :1071-1078.

[10] Floras JS. Sympathetic nervous system activation in human heart failure[ J]. J
Am Coll Cardiol ,2009,54(5) :375-385.

[11] Arimoto T,Tada H,Igarashi M, et al. High washout rate of lTodine-123-metaiodo-
benzylguanidine imaging predicts the outcome of catheter ablation of atrial fibril-
lation[ J ]. J Cardiovasc Electrophysiol ,2011,22(12) ;1297-1304.

[12] Mancia G, Bousquet P, Elghozi JL,et al. The sympathetic nervous system and
the metabolic syndrome[ J]. J Hypertens,2007,25(5) :909-920.

[13

Hausberg M, Grassi G. Mechanisms of sympathetic overactivity in patients with

chronic renal failure: a role for chemoreflex activation? [J]. J Hypertens,

2007,25(1) .47.

[14] R0 —, 330, ST, 55, B S0 2 S A I R VA 7 M T A v ML M R
WIFEERELT]. A 44K,2012,21(8) :692-695.

[15] Barajas L,Liu L,Powers K. Anatomy of the renal innervation :intrarenal aspects
and ganglia of origin[ J]. Can J Physiol Pharmacol,1992,70(5) :735-749.

[16

Esler M. The sympathetic system and hypertension[ J]. Am J Hypertens,2000,

[17]

[18]

[19]

[20]

[21]

(22

[23]

[24]

[25]

[26]

[27]

[28

[29]

[30]

[31]

[32]

[33]

13(6) :399-S105.

Dibona GF. Nervous kidney. Interaction between renal sympathetic nerves and
the renin-angiotensin system in the control of renal function[ J].
2000,36(6) : 1083-1088.

Kirchheim H, Ehmke H, Persson P. Sympathetic modulation of renal hemody-

Hypertension

namics ,renin release and sodium excretion[ J ]. Klin Wochenschr, 1989, 67
(17) :858-864.

Kannan A, Medina RI, Nagajothi N, et al. Renal sympathetic nervous system
and the effects of denervation on renal arteries [ J]. World J Cardiol,2014,6
(8):814-823.

Krum H, Sobotka P, Mahfoud F,et al. Device-based antihypertensive therapy :
therapeutic modulation of the autonomic nervous system. [ J]. Circulation,
2011,123(2) :209-215.

Krum H,Schlaich M, Whitbourn R, et al. Catheter-based renal sympathetic den-
ervation for resistant hypertension:a multicentre safety and proof-of-principle co-
hort study[J]. Lancet,2009,373(9671) :1275-1281.

Rippy MK, Zarins D,Barman NC,et al. Catheter-based renal sympathetic den-
ervation : chronic preclinical evidence for renal artery safety[ J]. Clin Res Cardi-
0l,2011,100(12) :1095-1101.

Li H,Yu H,Zeng C,et al. Renal denervation using catheter-based radiofrequen-
cy ablation with temperature control ; renovascular safety profile and underlying
mechanisms in a hypertensive canine model[ J]. Clin Exp Hypertens,2015,37
(3):207-211.

Investigators SH. Catheter-based renal sympathetic denervation for resistant hy-
pertension durability of blood pressure reduction out to 24 months[ J]. Hyper-
tension,2011,57(5) :911-917.

Symplicity HTN-2 Investigators, Esler MD, Krum H, et al. Renal sympathetic
denervation in patients with treatment-resistant hypertension ( The Symplicity
HTN-2 Trial ) ; a randomised controlled trial [ J ]. Lancet,2010,376 (9756) :
1903-1909.

Esler MD, Krum H,Schlaich M, et al. Renal sympathetic denervation for treat-
ment of drug-resistant hypertension ; one-year results from the Symplicity HTN-2
randomized , controlled trial[ J]. Circulation,2012,126(25) :2976-2982.

Esler MD,Bshm M, Sievert H,et al. Catheter-based renal denervation for treat-
ment of patients with treatment-resistant hypertension ;36 month results from the
SYMPLICITY HTN-2 randomized clinical trial[ J]. Eur Heart J,2014,35(26) :
1752-1759.

Bhatt DL, Kandzari DE,O’Neill WW et al. A controlled trial of renal denerva-
tion for resistant hypertension[ J]. N Engl J] Med,2014,60(1) :266-266.
Hilfent, FERL 2 AT SN Al 25 1 SO 22 R YR YT TR P v 0L B
SP[T]. e 2R ,2014,22(5) :418-420.

Zhang X, Wu N,Yan W et al. The effects of renal denervation on resistant hy-
pertension patients: a meta-analysis [ J ]. Blood Press Monit, 2016, 21 (4):
206-214.

Qi XY, Cheng B,Li YL, et al. Renal denervation, adjusted drugs, or combined
therapy for resistant hypertension: a meta-regression [ J ]. Medicine, 2016, 95
(30) :€3939.

Nagaiah K, Venkatesham A Srinivasa RR, et al. Optimum and stepped care
standardised antihypertensive treatment with or without renal denervation for re-
sistant hypertension( DENERHTN ) : a multicentre, open-label , randomised con-
trolled trial[ J]. Lancet,2015,385(9981) :1957-1965.

Townsend RR,Mahfoud F,Kandzari DE et al. Catheter-based renal denervation
in patients with uncontrolled hypertension in the absence of antihypertensive
medications (SPYRAL HTN-OFF MED) : a randomised, sham-controlled , proof-
Lancet,2017,390(10108) :2160-2170.

WS B 7 :2018-12-15

of-concept trial[ J].



