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CLINICAL APPLICATION OF EXTRACORPOREAL MEMBRANE OXYGENATION-ASSISTED TRANSCATHETER AORTIC
VALVE REPLACEMENT JIN Ping ., LIU Yang . TANG Jiayou, LI Lanlan, XU Chennian . YANG Xiuling, CHEN Min,
MENG Xin, YU Shigiang s YANG Jian (Department of Cardiovascular Surgery, Air Force Military Medical University, Xi'an
710032, China)

[ABSTRACT] Objective To investigate the clinical effect of extracorporeal membrane oxygenation (ECMO)-assisted tran-
scatheter aortic valve replacement( TAVR) in the treatment of patients with extremely high-risk aortic valve stenosis. Methods
Two patients with extremely high-risk aortic valve stenosis who were treated in Xijing Hospital in 2018 were enrolled, with an ejec-
tion fraction (EF) of <{20%. Both patients were given ECMO during surgery to observe the clinical effect and safety of ECMO-as-
sisted TAVR. Results Both patients underwent ECMO-assisted TAVR had stable hemodynamic parameters during the perio-
perative period. ECMO was removed before TAVR ended. The time of operation for these two patients was 220, 190 min respec-
tively , the duration of digital subtraction angiography was 38, 26 min respectively, and the duration of ECMO was 150, 38 min re-
spectively. Both patients had significant improvements in cardiac function and EF during follow-up.Conclusion In patients with ex-
tremely high-risk aortic valve stenosis, ECMO during TAVR can maintain stable hemodynamic parameters during the perioperative
period, avoid malignant arrhythmia and circulatory collapse, and provide effective cardiopulmonary support. Therefore, it can be
used as the preferred treatment for such patients.

[KEY WORDS] Aortic valve stenosis; Extracorporeal membrane oxygenation; Transcatheter aortic valve replacement; Ex-

tracorporeal circulation

B BB T e PR 4 2 — 3 L1 0
W K 2 0 4 o 8 OB AR A7 25 51 R

N o BT 0 M 9 40 0 JE 5 1f >
H(EP) B FFRAR, © 23 A RACEI Y 3 3 lkom 22

PRMIE I T 32 Bl Jkoe R 4 AR J2 o s 1) 48 BILYR
SO BRIV 2 R T Y R T 25 R 4
BEIEZFRE Bk ZERSARFEAR, &%
B SR E B (TAVR) H 2002 4F [l it LASE , H
T E A A TCTE M w7 A R AR,
AR AN 5 T AL GE A BT I e 3 sh kO Y

(Wi A ] 2018-02-26; [f&iTHHI] 2018-03-27

[(E£TBA] MK AR ¥ESE KBTI HE (81500319,
81470500) ; BE TG4 H SR Bl & KA WF 75 1R300 B 7 th 35 4ERb 2 3 & 10
H (S2018-JC-JQ-0094) ; P4 5¥ I B 2% B} B #E 11 X 4% fb B2 2= BF R Wi H
(XJZT15Z1.01)

[@EW1EE] HP,Email: yangjian@fmmu.edu.cn

s A B A7 308 TAVRAAETE A i 3k 3h
SER I W O R R S T RORE L ORI T
TAVR B REEE1 2018 4EFR B R F§ TAVR J897
W% vei £ 5 2 KRR A2 05 N 2 81, SR A I ES il 4R
(ECMO) H AR I F7 IR SR Behr . Bl T

1 ABSTE

1.1 — A& FH

Wl 1,55 ,60 %, 3= (Al gk B e < 2 4R,
e 1A, ABERHATR 36.6 C, 0% 57 K/
min, PEW 18 K /min, Il FE 12.8/9.2 kPa; 3L 55 %= 4



HEERE 3735 2018 4F 4 A4 33 4545 2] ] Precis Med, April 2018, Vol.33, No.2 c 111 -

# . pro-BNP 5 518 ng/L. Tropl 0.05 ug/L. ABiJG
48 g N B L M L), R TR R L 0 3 120
R/ min, SUNT AT [ e 3 W 5 5 i 400 R RE 91 06 5 0o Ha
BB 7R 0% 85 I/ min, A0 % BB JE A 95 #1420
R X M H R 0 B 0,73 RUR R WL 52
J AR O IE R s - T B RO B 28, B KU 4R
JEJTBY 25 10.67 kPa, 2200 F B Y K, 20 & BE
Moz [ B % s 3 R $8 08 98K, BROF- i EF 13 %0 (&
1D, CTA K i 818 3 2 koI 82 25 52 4%, Type
O B i, e o5 AL R P HE (8] 2), STS 4 32.8
. ABCE4AT 1 JE G RIIR IR IT . RORAE
g N 3 Bl ROIe B A 5 300 JIE D) BE S 0, R AN S G
RN ARG AT 3 B kO & e R & B A
TAVR 55 . 40 BEAME 2R U2 iR
P % N ECMO B M7 TAVR BT . &R A
K@ TF AU P B )5 1 O

A B .
A:EF=13%.HR 180 IX/min;B.#7 ff W2 BEAL T iz sk 2 .
1 &6 1 RBECHERELER

A B OB 7 A3 IR /N1 5% 5 B 32 K
AN CTA K78 5775 Type 0 I, FEAT M 5045 4L
B2 "% 1 RET CTA IEHER

Wil 2,55 ,70 %, FE R TA) vk O AR I
Hadfs 5 4 e 4 d” ABE. ABE/E 48 h i A<
B M), 0 110 YR/ min, XU AT DL P &
AAFNE 91% . L E K4 . pro-BNP 9 476 ng/L,
it Ty R A A s« R VR G MR SRR A TR LT AR AR
JEE RRARG 5 O FL FRIAG: 2 B 7« 20 0 25 R JEE A 55 485 00
B A A 7 T B KO B A B K W 4 s ) B 22
12.27 kPa, ff: & A A 4 904540, W H i AL 0.8 em”
TR AERN 7.0 mL, ZE DB IEA R0 66,
96 mm, BT EF {8 17 % ; STS #£43 23.5 433;CTA
7 Ry MRS 3 B KA B A5 5218 TypeO B 0t 3

SRR (A 3) ., W AZE 1 R BR AL R R SR IR
I7 05 - I PRAE IR s A7 A 38 . 22 0 A W iZms A fE 4¢
TEMOAT 3 2 koA e AR AN B 45 5% 4, TAVR XU
B W RIT T N ECMO B B F A7 A S ik
o RS 1 P NE A B NN ok D T 1 R W
AR (K 3,

Coronal (MPR)

A:CTA TEAR 7 587 8 36 K OF T £ . 1 L 72 0 32 47 K W1 65 B
CTA B 7 7% 0 WL PR P 2 30 o 1 32 4 4
B3 5612 RETCTA %R

1.2 ECMO #9# 5 & TAVR %77

s N4 R« U0 FF 9 5 5 A ) i 3 Jok % e i Jk
N ALSE B sh k45 DL & VISE B ik 4 45 # o7
ECMO, G H4 B0 3.0~3.5 L/min, Il K2 E
T25 9.3 kPa, AR &8 8 0900 E B4, By k%
PLFTHT FEAL LA BB 45, il Bh 309 1] 00 £ 457 38 1 1fi
W L) A 5K ) BT R G 3  ACT &1
KT 480 s K& A MBEH A . 45 T NORIE , 4+
i NI TEE 36~37 °C , LME-IE MM ¥ 18l 3% B A& 9 14
R e AR PR . WA sk, 2E R E A 6F
JBEH s A MBS 3h bk 28 0B A SF BB 4 s i 4T SF 4%
BB 3 1 R A I S K BN 6F A 2% 5 A
BOHEESEEAOE LR RIKST 25 %
AL2 B ZE EFPKART, B 2.6 m EH L RS 2«
515 AL2 58 a2l ot 3 Bl BRoOmE e A O 15 B A
20F EH KB # AL2 &I lunder-
quist FLZIFHETLAOLEN UL AL2 24826 A
Z-MED Il 3 ik sk £k % , 78 5.0 % 180 K /min
ZE TP 9k 3 3 Bkl s DSA 3 5 R 3 30 ko . 0
SORIF B IT . ECMO Hi B T 4435 1%, 24
P 0 T R DA B SR U I L. AR s R i
CTA Al S BR4E Y™ 5K I 7 3% £ 40 1 A5 Venus-A
SR R AR BRSO AR 5 R GV lunder-
quist 5 22 5 3 3 ko 10 2 ER K OF L AR 4 1 S
FEA R0 F 180 WK/ min, B I I A E E
PR & 3 52 S 7 IR 7 R S R AE WA A I R
A TR P N S g S R A R I A



- 112 - LRI

2018 4F 4 55 33 B4 2 ] ] Precis Med, April 2018, Vol.33. No.2

BINIE R 5 B AL R GE . W AR E . 1B
A ECMO i o 0 K JUE B 6 22 45 1R 706 66
WLE AL P BN T3 2 16 B0 . o Nk e 4 LR 1 AR

JE I B (000 T B o ] 1 R P R s R R R
A FEILIE 4. 2 Bl AR A AR L7 3 15
SR AT AR AR DL IS 1,

AN IRRE Bt A B 7 C. BRI Venus-A; D BT 1 52 BRI B 07 B BT, 3 & /0 i

B4 w0 1R RS R BRI R R A i A

(4]
A f kR Kt F ek (A 29% Venus-A

S

1 20 FBARN APRRAFORD N ESHRE
AR ER
e E% YY) ¥ il 1 i il 2
AR i IR R ORAE BB 11.2/8.2 kPa
AR ZE 0 & R A 21.3/0 kPa
Z-MEDII £ 3h ik ik 18 mm 23,25 mm
R HR
R 5K 5 i 12.0/6.6 kPa  13.6./10.6.,16.5/12 kPa
Venus-A 320K B 12 26 # 20#
KHEE NG IR 15.7/8.3 kPa 16.0/8.6 kPa
RG220 EE 15.7/0.5 kPa 16.0/0 kPa
ECMO % B} i) 150 min 38 min

yE

A

S

2 5 ECMO Hf Btk & fa s A ¥ #4717 TAVR
FAR BB F AR W B I sh 125k E . F TAVR
FAREE AT RBR ECMO, F AR B} a4 %)~ 220 &
190 min, DSA [y BEGFEF[E] 535124 38 J 26 min, EC-
MO ## By i) 4351 4 150 #1138 min, i # 1 TAR)G
7d ARG 1A H BE VO IE4E /N EF (H BT 2
41% . B 2 A BRI Z) &4 R S R A o EF {2
T 284% (5, FARE 6 d b, RJF 1 H VI
O WE S 2 AR /N EF (A T2 40 %6, AR 16 i B B 4
5> HAT 2 495 AN ¥ 7E 2 DB v .

A RS R DR EF O 28.4 % ;B S DR B E R AT.
5 HmHI2RPEREBENRNELR

it e

RN E S ORI O AR 3~4 cm?, — i
= B bR B T AR E AR NI 1/3~1/4 I, A 4
L B 7 2 BOE 9 N B R RE R . — A
Sk 3 20 JkOIE B R 11 T AR 1,50 em® SR BRI
AR 0.75~1.50 cm® Ay BE A% L 3 11 1 BL/N T
0.75 em” N EEERRAE . T —FhAR 95 185 % 1R 22 1E 47 )
W7, 214 06 Js 5 9 1K 22 KT 6.67 kPa 4 B AS, Y
JE2 4 3.33~6.67 kPa B b BE A, M K 2% /8T
3.33 kPa NERERAS . W fE B S ORI A Ak
EIR R T 60 %, EF KRR O AN T 0.75 cm” 5
H SRS 22 K T 6.67 kPa AY9% A . & T 4h
BFF AR KRS 3 g

TAVR & — 30 H F 3= 8h kO 92 95 38 97 19 5T B
AR, Gl T IUERIGE & &, TAVR 2357 o &
F BB AE L AT AT e Ak B2 AR A BRI
AR T Z M AT, H A B g e 28 ok H 32 %
MIRIT T2 — . BRI I IR 1A A 24 B ] 4 9 A
HIH /N E AL EF H% T TAVR FRI &
JRURS B2 o R JUE 2% 5 1) — JBURIF 9% 7 24 A2 0
= EF KT 30 %00, 8232 F AR AW B 2 3%,
AR S GE T PR ST IR YT B9 N A9 8 3 & ik 10 %6 ~
209, H 10 4F I A (9 & AR 3R B8 R AL AN 25 AR
b 1 F G o S 1A= B TR L PN Al L e o £ 3 1)
TR IT 7 TR AR o M A AR — A

ECMO B3 &8 F .0 I F A (& 4G 25 (CPB)
AR R —FhaT DA #5 K s R) fk CPB 2% B
T4 Sk FH T 45 P D DR B30 2 08 S A P U o ) 1Y)
R B IR YT . X IESR AR E R A ECMO 1]
DAAR AR RS 9 1 3 o B SR N L A RSOIR T AT G



KEHERE 2 255 2018 4F 4 A% 33 555 2 W] ] Precis Med, April 2018, Vol.33, No.2 . 113 -

JiaEugt T R BEAE E N R 20K ECMO B
T TAVR FAR G 2 606 IR 52 . & A f 457
s N 3 3l K 5K B A 6 5% e R K, ECMO
A A PR B T AR W R i sh R TR E 2
YA 5K A8 1 32 20 ko, T6 = b DL R0 = B B A
RO E BB KRR T TAVR 09 F AR K
Wr » T LA g5 R RIS b R TIE A5 N I 376 8h ) 2 1 P il
1% TAVR R G T AR AP BE (F 3 Ikl sk &4 5% .
I AR B RETEO S5/ TR NI 20 ) 2 i RRUE B
PR A A, A 280 Ml IR s s fE s N TR 2 4
PE. T8 B, ™ E 3 g KO B 2R i A ECMO $f
B R UEATBRBEY 5K J5 i R A AN R RE B A ek L
o T HE2 N TC R BORASTT HEAT BREE D 5K Hh 3L A9 9
103 15 A5 0 KU (A5 N | KR FE 3 %5 . TAVR
AR fli H ECMO o] i F AR J5 46 RO & 5 W5 1 fif
H ECMO A 3 B8 fE . O IR MK 5i (EF 7™ 5 R AL
Jili 3 ik &5 RO A O B REAS 4. R ET ECMO
ATREAAN R S T %4 TAVR W5, M A5 T
o5 N O D RE % 4 . [ A B — T [l B iF 52 A H
Xof LG Bl g 2 A8 N AR E B N, ECMO i B T
17 TAVR FARG F T 85 W5 980 [ AR 0 1 I
KAEPY . H 2002 4E CRIBIER %2 jtifr T 4R
Bl TAVR JF4f, 28k 231 TAVR F AR 5% i 28 18
T30 J3 B AE MR L TR IR AR R RE R 5K
Tl B 2 MR DL R B T B A O TS W M B BT S R
Jreto-m el |  BRAE Y B AR B R SO, A K B
Jik g 4 B 28 00 AR I A% DN B A A B P IR (valve
in valve) 3 AR AR AT ML E; AR, TAVR 938 B E
FEARWY K HgE N IF R TAVR ol %
Wi % B 223 ) ECMO B F 17 TAVR A
A G I LR GE . ECMO PR #4505 R 22
SR Xt #E A TR A B K BE B 25 A A R B R AR
B TR fE R TAVR S A 5 B3 5 % i 3
25 A ™ R T AR MO R0 I AT RE L AU RTINS, A
(IR EN A NSRRI S NG

Zi B, TAVR FAR M H B, 6 F 5 6 1 30 bkok
PRI N BRET —Fh e & AR T R . X T
O TTRE2E L4 BRI 25 1 W 55 A5 3 3h OB s A
B4 W ECMO 317 AR il BY 96 25 S RE KRB AIK
TFARNE . ECMO #BiF TAVR FARAHE R I
S fe IR N AL —FP BT IR T B IE R R 1R
SHDE A S W s s 3 2l ROREBE 9  N BR R T A RIDR
R, {H H A ECMO #1 TAVR 76 E N 3405 B oA,
i AR g FH -, Ak~ R A5 9 B, Shy o M A 11 R4 T

O e TG NSRBI 936 9T 7 58 A R B W PR 10
2 QLTI R

[ 5% k]

[1] ROSS]J, BRAUNWALD E. Aortic stenosis[ J]. Circulation,
1968,38(1 SuppD :61-67.

[2] VAHANIAN A, OTTO C M. Risk stratification of patients
with aortic stenosis[J]. Eur Heart J, 2010,31(4):416-423.

[3] TUNG B, BARON G, BUTCHART E G, et al. A prospective
survey of patients with valvular heart disease in Europe: The
Euro heart survey on valvular heart disease[J]. Eur Heart J,
2003,24(13):1231-1243.

[4] TUNG B, CACHIER A, BARON G, et al. Decision-making in
elderly patients with severe aortic stenosis: Why are so many
denied surgery[J]? Eur Heart J, 2005,26(24) :2714-2720.

[5] VAHANIAN A, ALFIERI O, ANDREOTTIF, et al. Guide-
lines on the management of valvular heart disease (version
2012) : The joint task force on the management of valvular
heart disease of the European Society of Cardiology (ESC) and
the FEuropean Association for Cardio-Thoracic Surgery
(EACTS)[]J]. Eur J Cardiothorac Surg, 2012,42(4) :S1-S44.

[6] D’ERRIGO P, BARBANTI M, RANUCCI M, et al. Tran-
scatheter aortic valve implantation versus surgical aortic valve
replacement for severe aortic stenosis: Results from an inter-
mediate risk propensity-matched population of the Italian OB-
SERVANT study[J]. Int J Cardiol, 2013,167(5):1945-1952.

[7] XUpcoe, ok fd. 4548 3 ol ORI & 4.0 e A i ()], O
L5183, 2016,35(6):401-402,406

[8] k&, ZKkifd £F% Lol RERAHERS KK PE
MG ik, 2016,31(7) :711-714.

[9] SCHYMIK G, SCHROFEL H, SCHYMIK ] S, et al. Acute
and late outcomes of Transcatheter Aortic Valve Implantation
(TAVD for the treatment of severe symptomatic aortic steno-
sis in patients at high- and low-surgical risk[J]. J Interv Car-
diol, 2012,25(4):364-374.

[10] NISHIMURA R A, OTTO C M, BONOW R O, et al. 2014
AHA/ACC guideline for the management of patients with val-
vular heart disease: A report of the American College of Car-
diology/ American Heart Association Task Force on Practice
Guidelines[ J]. ] Thorac Cardiovasc Surg, 2014,148(1) ;el-el32.

[11] PIAZZA N, KALESAN B, VAN MIEGHEM N, et al. A
3-center comparison of l-year mortality outcomes between
transcatheter aortic valve implantation and surgical aortic valve
replacement on the basis of propensity score matching among
intermediate-risk surgical patients[ ] ]. JACC Cardiovasc In-
terv, 2013,6(5):443-451.

[12] PATRICIO L. Comment on “l-year outcomes after transfemo-
raltranscatheter or surgical aortic valve replacement. Results
from the Italian OBSERVANT study”[J]. Rev Port Cardiol,
2015,34(11) . 711-712.

[13] ROTMAN O M, KOVAROVIC B, SADASIVAN C, et al.



114 -

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

WEMEE 25 2018 4F 4 145 33 %45 2 1 ] Precis Med, April 2018, Vol.33. No.2

Realistic vascular replicator for TAVR procedures[ ] ]. Cardio-
vasc Eng Technol, 2018.

BUCHANAN K D, ROGERS T, SHULTS C, et al. Success-
ful transcatheter aortic valve replacement in an oversized 800
mm(2) annulus and bicuspid aortic valve[ ]J]. Cardiovasc Re-
vasc Med, 2018.

PFISTER R, WAHLERS T, BAER F M, et al. Utility of
NT-pro-BNP in patients undergoing transapical aortic valve re-
placement[ J]. Clin Res Cardiol, 2010,99(5):301-307.
REHMAN H, KLEIMAN N S, KALRA A. Transcatheter-
valvular interventions in 2017: Some things old, some things
new[ J]! Curr Opin Cardiol, 2018.

ANNABI M S, CLISSON M, CLAVEL M A, et al. Workup
and management of patients with paradoxical low-flow, low-
gradient aortic stenosis [ J]. Curr Treat Options Cardiovasc
Med, 2018,20(6) :49.

HUI S, GOOLEY R, RASHID H N, et al. Transcatheteraor-
tic valve replacement and atrial fibrillation: Impact of an-
tithrombotic strategy on clinical outcomes[]]. Heart Lung
Circ, 2018.

MONDAL S, ASHISH K, BANDYOPADHYAY D, et al.
Role of TAVR in pure native valvular aortic regurgitation: A
new paradigm[]J]. Int J Cardiol, 2018.

LAZAR H L. One-year outcomes in TAVR patients: Dying
from versus dying with aortic stenosis[J]. ] Card Surg, 2018,
33(5):250-251.

DOLMATOVA E, MOAZZAMI K, COCKE T P, et al. Ex-

tracorporeal membrane oxygenation in transcatheter aortic

[22]

[23]

[24]

[26]

[27]

[28]

valve replacement[ ] ]. Asian Cardiovasc Thorac Ann, 2017,25
(1):31-34.

CRIBIER A, ELTCHANINOFF H, BASH A, et al. Percuta-
neous transcatheter implantation of an aortic valve prosthesis
for calcific aortic stenosis: First human case description[ ] ].
Circulation, 2002,106(24) :3006-3008.

BAVARIA J E, SZETO W Y, ROCHE L A, et al. The pro-
gression of a transcatheter aortic valve program: Adecision
analysis of more than 680 patient referrals[J]. Ann Thorac-
Surg, 2011,92(6):2072-2077.

LANGE R, SCHREIBER C, GOTZ W, et al. First successful
transapical aortic valve implantation with the CorevalveReval-
ving system: A case report[]]. Heart Surg Forum, 2007, 10
(6):e478-479.

WILLSON A, TOGGWEILER S, WEBB J G. Transfemoral
aortic valve replacement with the SAPIEN XT valve: Step-by-
step[J]. Semin Thorac Cardiovasc Surg, 2011,23(1):51-54.
BANJAC I, PETROVIC M, AKAY M H, et al. Extracorpo-
real membrane oxygenation as a procedural rescue strategy for
transcatheteraortic valve replacement cardiac complications[ ] ].
ASAIO J, 2016,62(1) :el-4.

MAKDISI G, MAKDISI P B, WANG I W. New horizons of
non-emergent use of extracorporeal membranous oxygenator
support[ J]. Ann Transl Med, 2016,4(4);76.

UEHARA K, MINAKATA K, SAITO N, et al. Use of ex-
tracorporeal membrane oxygenation in complicated transcathe-
ter aortic valve replacement[J]. Gen Thorac Cardiovasc Surg,

2017,65(6) :329-336. (KX ¥ Bk HER)

(EEF 109 7

[8]

9]

[10]

[11]

(12]

[13]

[14]

MEREADO A, DE LOS HEROS P, MELO Z, et al. With no
lysine L-WNKI1 isoforms are negative regulators of the K™ -
Cl™ cotransporters[ J]. Am ] Physiol Cell Physiol, 2016. 311
(1) :C54-66.

XU B, ENGLICH J M, WILSBAOHER J L., et al. WNK1, a
novel mammalian serine/threonine protein kinase lacking the
catalytic lysine in subdomain Il [J]. J Biol Chem, 2000, 275
(22):16795-16801.

RAFAEL C, CHAVEZ-CANALES M, HADOHOUEL ]J.
New perspective on the role of WNKI1 and WNK4 in the regu-
lation of NaCl reabsorption and K(+) secretion by the distal
nephron[ J]. Med Sci (Paris), 2016,32(3):274-280.
WILSON F H, DISSE-NICOEME S, CHOATE K A, et al.
Human hypertension caused by mutations in WNK kinases[ J].
Science, 2001,293(5532):1107-1112.

WANG L, YU S H. The progress in the study of the correla-
tionbetween the WNK1 gene and primary hypertension [ ] ].
Adv in Clin Med, 2014,4(3):47-52.

MURTHY M, KURZ T, O’SHAUGHNESSY M. WNK sig-
nalling pathways in blood pressure regulation[ J]. Cel MolLif
Sci, 2017,74(7) :1-20.

NEWHOUSE S J, WALLACE C, DOBSON R, et al. Haplo-

[15]

[16]

[17]

[18]

[19]

types of the WNKI1 gene associate with blood pressure varia-
tion in a severely hypertensive population from the British Ge-
netics of Hypertension study[J]. Hum Mol Genet, 2005, 14
(13):1805-1814.

TOBIN M D, TIMPSON N J, WAION L V, et al. Common
variation in the WNKI1 gene and blood pressure in childhood:
The Avon Longitudinal Study of Parents and Children[J]. Hy-
pertension, 2008,52(5):974-979.

PERSU A, EVENEPOEL L, JINY, et al. STK39 and WNK1
are potential hypertension susceptibility genes in the BEL-
HYPGEN Cohort[]]. Medicine, 2016,95(15):e2968-2970.
ZHAO Q, GU D, KELLY N, et al. Association of genetic va-
riants in the apelin-APJ system and ACE2 with blood pressure
responses to potassium supplementation: the Gen Salt study
[J]. Am ] Hypertens, 2010,23(6) :606-613.

NEWHOUSE S, FARRALL M, WALLECE C, et al. Poly-
morphisms in the WNKI1 gene are associated with blood pres-
sure variation and urinary potassium excretion[ ] ]. PLoS One,
2009,4(4) :e5003-5010.

OSADA Y, MIYAUCHI R, GODA T, et al. Variations in the
WNKI1 gene modulates the effect of dietary intake of sodium and
potassium on blood pressure determination[ J]. J Hum Genetics,

2009.,54(8) ;474-478. (A %H ok BHER)



