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in the treatment of resistant hypertension
Pu You',Zhou Kun?, Jin Chengbing’, Chen Xing?,Rong Shunkang’, Huang Jing’ , Zhu Hui’
(1. State Key Laboratory of Ulirasound Engineering in Medicine Co—founded by Chongqing and the Ministry of
Science and Technology,Chongqing Key Laboratory of Ulirasound in Medicine and Engineering,
College of Biomedical Engineering,Chongqing Medical University;2. Clinical Center for Tumor Therapy,
the Second Affiliated Hospital of Chongging Medical University ;3. Department of Cardiology,
the Second Affiliated Hospital of Chongqing Medical University)
[ Abstract ]Objective . To evaluate the safety and feasibility of high intensity focused ultrasound (HIFU) in the treatment of resistant
hypertension. Methods : Totally 40 patients with resistant hypertension underwent the treatment of high intensity focused ultrasound
were enrolled. Intraoperative and postoperative adverse effects were recorded ;the drop of blood pressure,types of drug used, peak
systolic velocity of renal artery and renal function were followed up to 6 months post treatment. Results : DAIl patients completed HIFU
treatment successfully. The major discomforts that patients complained during the procedure was pain in the treatment area,which
usually disappeared within 24 hours. Base on the SIR classification, most of adverse effects were classified as A to B;no C to I was

found. @Preoperative and postoperative peak systolic velocity of left and right renal artery had no statistic difference (P=0.635, P=

0.688). The comparison between baseline and 1,6 months of
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52 B B : http://kns.cnki.net/kems/detail/50.1046.R.20180408.1534.082.himl (P=0.000). 24-hour systolic blood pressure dropped 13.6,15.2,
(2018-04-08) 14.3 mmHg(P=0.000) ,24-hour diastolic blood pressure dropped

blood urea nitrogen,serum creatinine and glomerular filtration
rate had no statistic difference(P=0.772,P=0.652,P=0.366). @)
The systolic blood pressure dropped 21.5,23.3,22.4 mmHg(P=
0.000) , diastolic blood pressure dropped 11.1,12.9,12 mmHg
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5.5,6,4.4 mmHg(P=0.000) ;and types of drug dropped 0.8,0.9,1.0(P=0.000) in the later 1,3 ,6 months. Conclusion ; HIFU is

safe and feasible in the treatment of resistant hypertension. However, further study about long—term safety and efficacy of HIFU is

still needed.
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Tab.1 Inclusion and exclusion criteria
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BEMEANH ED 3 LR R (& — R
) BB ARREH 32 25 W1TRYT 5

124 R =160 mmHg (2 TSR 12 = I I =
150 mmHg) ;

24 h S P30 >130/80 mmHg;

BEFR=18%,

A5 B/ NER AL 2R =45 ml/(min+1.73 m?)
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Tab.2 Baseline characteristics of patients

FLLAF R FELAEARE
AL (n) 40

IR () 60.1+15.1
FEERE (n, %) 24(60)
TR EL (kg/m?) 25533

2 BUBRBRAG (n, %) 9(23)
TR (n, %) 6(15)
LA (n, %) 8(20)
HIEERR 8% o 1130 (e, %) 16(40)
/R E T 2L/ (min - 1.73 m?)] 96.97 + 16.10
(YK /min) 64.68 +9.90
24 h ZAUHEE (mmHg) 161.40 = 8.03
24 h ZhAEF KR (mmHg) 87.70 + 11.70
LW (mmHg) 170.20 +9.30
L E R (mmHg) 92.80 + 11.80
FEIEZRIZE (n) 4.00 £0.70
ACEIL 5 ARB(n,%) 20(50)

B ZARBHHH (n, %) 22(55)
FIRFA (n, %) 28(70)

FEE [ S HT25 (n, %) 24(60)
BEREHUR (n, %) 40(100)
&R (n, %) 0(0)

T ACEL A SRR R AR s ARB: MAF SRR T 32 (A HUR
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Fig.1 A schematic of high—intensity focused ultrasound-based

renal denervation
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Fig.2 Renal denervation during HIFU operation
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(Society of Interventional Radiology, SIR )43 AP I &
SEST R SIR-A 9. TTAUARYY , A K5 2R SIR-B; £ 16
HIRYT , T R G FSIR-C 2, B EAEBEIRYT , AE Bt
I (<48 h) ;SIR-D G b RIRYT , 4 B Sy , 1 B
I (>48 h) ; SIR-E 4 AR AP R IE ; SIR-F: 6T, ARJF
Xof B AT BRSBTS D REHR bR . AT A A A5
T 220 Bl P A DU 2 A B RS A ST R, 6 S H XS
SRH AT AR kCE A R B Sl A A, TR A
kB,
1.6 %itF ik

KT SPSS 20.0 GEHF T, HEBORHAIRL + brifiz
(x £5) 3N R HERPIZRTT 220007 O ¢ Kl A 96K HE o=
0.05,

2.1 HIFU x| XA Z K P F KGR REERER

AT 40 B B TR IR PAS , 45532 HIFU 255 A i
ARIFFEM 1.3.6 DNHBEV, T AR S E IR, HIFU b
SART] A (18.8 £4.3) min, TR LIF Ny (224.2 £32.5) W, ia
BTN (253.7 £ 58.8) kI, 40 Bl RFH I TEMFAR JRIT AR
FURER VAT X 23 151 (57.5%) , ERR KSR 9 151 (22.5%)
B RN — i P B 22 (40~50 Y/min) 4% 3 41 (7.5%) , ¥
TEARJG 24 h NZEAR , R A BUHAD ™ AN R RN, B0
PR R K AR I I K E T B (17.5% ) R IR T X AN,
3 M00(7.5% ) (B F RS 98, Y TCRR IR AL B 1~3 d 5% 2 14
(5%) B IR B E N FIRERE TR, RJF 1 d 4rk ;1 41
(2.5%) BBE ARG YK B, Y HREIE)S | d 475 ;3 4
(7.5%) & B A il (R 22 vk b S 1~3 d 88, R
Ja AN RV HIFE SIR-A~B 9%, TG 1 6] SIR-C~F A K N
KA (F 3), W E YRR L &2 HIFU Bz,
HARAF ARJFTHA R LA,
22 REBR7 N &2 B 2 dk A B b bk oL

AJ5 ARV 1.6 A MLUE 4 (86.10 £ 19.64) . (87.20 +
18.04) pmol/L, #¢5E4% (85.80 = 17.31) wmol/L L4 %% 5
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(F=0.260,P=0.652) ; Il JRZE A 7 (6.22 £ 1.42) . (6.32 £ 1.24)
mmol/L, FiHEELE (6.30 £ 0.95) mmol/L JCEE 2% 5 (F=0.430,
P=0.772) ; B /NERIE T 4 (96.66 + 17.34) . (95.17 + 15.58)
ml/(min-1.73 m?) , #3£4 (96.97 + 16.10) ml/(min-1.73 m?)
TGiit #2557 (F=0.43,P=0.366) , W35 4, ARJ5 VRIS M6
BT MR LI, HIRW S T brail e R . FARAT R
JE B Bl KON 4 00 R V(R R (71.14 £ 24.23) eml/s, ARG
(68.79 +19.57) cm/s(1=0.476, P=0.635) T 22 5 , 475 5l Ik ik
WA 45 0 375 04 (R (62.43 +19.26) em/s, AR JF (64.32 +
22.71) em/s(1=0.403,P=0.688) 22 5%, BEVIWIAY 6 A~A .3
191 5655 22 IR B ik A R R P V8 a2 A e LA TN 3R 1
LA B Bk B R AR SR ROR IO, B AR I
B hlikopezs . AW HIFU 25 B 50 B AR R S35 - & B
fi, AN2si iR Bk
23 REMIFHAL T RE 24 h 3 A 0)EFfRBEHER
RIGHETT 1.3.6 I HIZZE U0 AL 7 BIFEAIL 21.5,
23.3.22.4 mmHg(F=113.451,P=0.000) , 3£k 12 % I 4 £ 5
1.3.6 S P LB 4 SR 34 25 57 (1=11.482, P=0.000 ;1=
13.406, P=0.000;:=13.620,P=0.000) ,1 > H & % W 4 s %5 3
ARG #2257 (1=1.765,P=0.085) , 1 > H 12 % W 45 4%
6 ™ H G222 5 (1=0.610, P=0.545) ,3 P H 2 S W4 1%

6 D H G2 F (1=-0.863, P=0.393) ; 12 &1 3K JE 45
LM IRRAIG 11.1,12.9 12 mmHg(F=42.011, P=0.000) 34k
LEFKES 136 "APMWILKEGERYEES (1=
6.979, P=0.000;:=6.966, P=0.000;:=6.639, P=0.000) ,1 4~ A
BEFRIEE 34 A A5 #25 5% (1=3.126,P=0.003) ,1 4~
HIZZEEFiRER 6 4~ H LG 11225 (1=1.220,P=0.230) ,3
MALEFHKIER 6 NA LG #ERF (1=-1.459,P=
0.152) ;24 h 3h 4 B R 5 Ik 4k 00 il B IR 13.6,15.2.,14.3
mmHg (F=83.468,P=0.000) , 22 sh S U4 =5 1.3.6 ™~ H
PR LRSS A 2 5 (1=10.646, P=0.000;:=11.846 , P=
0.000;:=14.428,P=0.000),1 4~ A sh 7S04 548 3 4~ H G
Gt A (1=1.420,P=0.164) , 1 ™ A sh B4 R85 6 4
A TGt 225 5 (1=0.714,P=0.480) , 3 > H S A 46 655 6
AH TS 225 (1=0.948, P=0.349) ;24 h 5l A&7 5K JF 4 L
22y B AR 5.5 .6 .4.4 mmHg (F=28.699,P=0.000), 3£k 5
BERIES 1.3.6 N H P RS R £ F (1=6.290,
P=0.000;:=6.449 , P=0.000;1=5.985, P=0.000) , 1 > A s 47
KRR 3 A LG5 (1=0.85,P=0.401) , 1 D H A&
KRR 6 A~ H G 5255 (1=-1354,P=0.183) ,3 > H s &4
WER 6 HA S22 5 (1=-2.181,P=0.035), .3 5,
PHHEREARTG 6 ™ H N2 MR 24 h S i ER LR

#3 AREFRRRKE SIR 572
Tab.3 SIR classification of postoperative adverse effects

SIR/>4 AER KA A3 B S 1 ] RAGE (% )
SIR-A TS TR ENEEE ML, ARG 1~3 d hf 3(7.5)
TR XA ENEE] Mg, ARG 1~3 d Ip 7(17.5)
J9R EUNEEPN WEE,ASE 1 d IRE 2(5.0)
SIR-B KA ENEEPN YRR, RS 1 d 55 1(25)
g AR ENEEPN VKB AR 1~3 d 47 3(7.5)
bR - - 0(0.0)
SIR-C ~F G - - 000.0)
F 4 HIFUBFIEREE 1, 6 B SIHAEELE (n=40)
Tab.4 Comparison of renal function in the later 1, 6 months ( =40 )
i hReTEiR Bk 1A 61~H F{E PfE
1M FR % %8 (mmol/L) 6.30 £0.95 6.22+1.42 6.32+1.24 0.430 0.772
IMLILET (mol/L) 85.80 + 17.31 86.10 + 19.64 87.20 + 18.04 0.260 0.652
B /NERIE AL 2R [/ (min- 1.73 m?) ] 96.97 + 16.10 96.66 + 17.34 95.17 + 15.58 0.989 0.366

*5 BEARFHE 1.3.6 MAISEMIEF 24 h s Mm/ELLE (n=40)
Tab.5 Comparison of office blood pressure and 24—hour ambulatory in the later 1, 3, 6 months ( =40 )

Il (mmHg) Hizk 1M1 31 61~ FAH PAE
LRI 170.20 + 9.30 148.70 + 13.70 146.90 + 14.30 147.80 + 14.80 113.451 0.000
LEEKE 92.80 + 11.80 81.70 £ 9.50 79.90 +9.70 80.80 + 10.00 42,011 0.000
24 h AN 161.40 + 8.00 147.80 + 8.10 146.20 £9.70 147.10 + 7.80 83.468 0.000
24 h BHASEFIRIE 87.70 + 11.70 82.20 + 11.50 81.70 + 11.50 83.30 £ 10.80 28.699 0.000
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RIS BB IR R 25 W R ZEAR T  (4.00  0.70) F
ARJE 1.3.6 1 H 2054 (3.20 £0.60) F  (3.10 £0.70) FFi
(3.00 = 0.70) FP AT H 25 R S804 Frigi b (F=107.370, P=
0.000) , SEZ 25 YR 5 1.3 .6 A W LA 22 5 (1=
11.129, P=0.000;=13.350, P=0.000;¢=13.181, P=0.000) , 1 4~
H 25 R8s 3 A H A it ¢ 2 5 (1=2.082,P=0.044) ,
LA AR S 808 6 A~ A A Geit 2% 2 5 (1=3.122,P=
0.003),3 > H 25 Fp3a8s 6 A B G242 57 (1=2.082,
P=0.044) , 76 AR S #0145 5L R HIFU 2% 580
WZAR)G BH L EIAEE T =10 mmHg,

3 3

JE P e MR ) AR AL 22 TR R ), 45
FAE ] B 5 00 P S R 3 2 R v T Ak i
AN FRE ST I, B8 22 1) 1
OIS J2 1 LR R s RN AR ) B R 2R A SR Y
T NFIME il 28 3l k0 B R R K 98P
I3 A K T AiX 38 I8k R e 1) A5 5 R 98 49 Il BT DA
RDN 2R R IA 77 0« BRARRE &84 20 2 30 44X,
FARYVIGR A M P TIRYT RH, R ™ 5 A
A R IR AR R RO (ER A T Y R
YER . R ZHOE IR = L R 5 R I | 2 K
FEDRERRAT Bl s 10 24540 H BT 28 7 4
K, BRI R AR B RDN JRYT BCh
AT, B 1T M1 50 T 22 A % 1 S b A I A
FH . M\ 2009 4ETF4R , Krum 255 A Bl 2 S8 0k
11— Z %1 RDN A9 It PR 5% ; Symplicity HTN-1 1
Symplicity HTN-2 MUA5 B B RETEROCR o 2014 4
Symplicity HTN =3 fifF 5% (138 55 1% s T AR 4L VE X
HELFIA 24 h S R AR R ik AFAS e b, (A 25
BT R BT . Symplicity HTN-3 AU45 A2 8864
TG BAEMERE e r REZ T HNE
sz, T ELR A BA YT, R A 5 R 4 B 3h ik
s iR | B S ke 12 01k 58 Ak feis), S50 fil
i LA 5 B0 Bk T fi | B SR L B AN 7
AR5 IR 1 L AN REBR AR A L 08 1 RE o
TH R AE AR B A 28

HIFUBRA R APEFARBAS , BHXTH S 280 1Y
2 SURNHE X 8] [l L 246843 , - 5 HIFU SRl IR
FEAPEIRYT , AN S & AR AR S I A e = A 1
AHICIERAE . AR ZUNT i B R A e A Rl i

(BRI AN [, 7E [l — i Rl e A8 O 18 A hy
(RTINS 521 TP 22 2 ) 57 32 4 30, B sl Dk i 3 1)
T B REHT BT o A X B Bk A — e R E
Mo BT HIFU BA e 4 1 B A0 B e s g, JF B
A2 1 R S DX 8 ) A8 A 48 58 AT il

T g KU B AT R Tk £ YA T R Y — &R
HIFU 2 ' 28 22 AR 3l ) S 9 b i FH R 2 32
(150~300) Wx2 s, g #H Sz G e 2 AL AR HE 7 B Il A 245
Fa e R, PN TS A 32 282 T I 7 i A8 7 AL 4
I HES #5500 B AR 2 B R R BE A
ULRH HIFU 3 S sc B2 HIFU 48 BER S A it
TN A HA R Rong FFUATENG PR _LXT 10 41 RH
BELL(200~300) W x 2 s BRI RIS TR, K EAR
JaBFE TR, B R E R FERETI 1,6 DA E
Bl ki 5 K A AT UGN R IR S5 I AT H 4k
RAEG shlikpezs . ABE5EIR Rong {8 FHAH ] ) 46 1R
FIEE AT M, AT 5% LB 3l ko4 1 o
W TC 25 5, ARG BEVT B B /NeRyE I 26 il IR 2R
A M VLB AR To ek s TERE VT 6 A4~ H ' 3h ik
SRS A AT ST R IR J5 A B4k A vk
B shliopers | R TFARBEA 1 B D Reh Fpe s
Y Rong MIBFIE4E R —32,

AR bR A R R 25 (O R JE Mk K
KA R RE TR, Z2BUR E A URIR T X
PR, — R AT 32 JCARF R AL B, 3 iR 1EIR
PR I M Bt 52 O TR RE R 40~50
U /min, AT RESEJINR) KT 285 R Y S, R4y
PRACEE O BAEAR SR E IR, BEUTIA P B R
RAETEIAIRAE , ARJEAS RN A7E SIRA-B 4%, 6
— 1] SIR-C~F A RN KA, 82.5% W BHE ARG
—JAHBE, A5 GRS [ F-34°8 (5.40 +£2.50) d,
F HIFU 697 RH AU 4 R A R E AR5 R 2
inIEIPG

RH {1 FH Z A0 e e 25 )t xfE LU 248 i i
JE,HIFU ARJGBEVE 1.3.6 A2 ILE FF% 21.5/
11.1.23.3/12.9 22.4/12 mmHg;24 h 3 25 1fil JE T B
13.6/5.5.15.2/6 14.3/4.4 mmHg,, [7] i} 5 24 IR JH %
25 R 25 AR BT Y (4.00 £ 0.70) B 2 A 5 1Y
(3.20 £ 0.60)Ff  (3.10 £ 0.70) FhF1(3.00 £ 0.70) Fi
TG T ARA R HIWHRAE (RDN A J5 BE DT
AR DS T2 20 T =10 mmHg) .
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FH] HIFU 75 AL 92 11 B8 f (5 90 X 5 b 2245 50T
Al , FREARFE At ) DT 0 AT RRRAI, 9 AR S
I FREIRCRAE 6 N N L, A 2 Bl ik
A5 TR T FEIEE <10 mmHg , 7] i KK 4k B8 %5

R A R R ASUR

ENTIEAUN Ez&i}%ﬁz&%ﬁ/) JRZ BT,

I T B KRB 1 Bt AL T BRI AR X 6 e it — 2R 5K
I HAHFFEBE VT [, WA )t AR A 5 R
ZHE FRRERME R, W, AR Iok g
B A SR 2 e A S ATl

HIFU ‘Iéﬁ1’ﬁﬂﬂ~ﬁ14”]*3!5/\@'@7@{“%5&,

ABSEXT RH A WA I RIGYT vk, Hok
IBIT L AT AR et AR
2Bl T

EPJ

31

2 % X M
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