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[ Abstract] :

tients with refractory cardiogenic shock (CS) and significantly improved outcomes. However, when V—A ECMO is operated, the in-

In recent years, veno—arterial extracorporeal membrane oxygenation (V—A ECMO) has been widely used for pa-

creased left ventricular afterload may lead to many complications including left ventricle dilatation, endocardial ischemia, delayed ven-
tricular recovery, ventricular arrhythmia, pulmonary edema, and left ventricular thrombosis. Left ventricular venting could prevent or

reduce related complications. At present, a variety of left ventricular unloading techniques have been used in clinical practice, but no

consensus is achieved. This article will review the techniques of left ventricular unloading during the application of V-A ECMO.

[ Key words] :

Cardiogenic shock; Extracorporeal life support; Extracorporeal membrane oxygenation

Left ventricular unloading; Intra—aortic balloon pump; Left ventricular assist

PR AN 4R G (extracorporeal membrane oxygena-
tion, ECMO) SCHFE—FARSME fiy SCRFHOR , HEBR
22 b N T 25 b A T AR RORT Y AR R A
A i SRR 21 ( Extracorporeal Life Support Organi-
zation , ELSO ) 1 £ #0408 7%, #0112 2019 4F 7 A,
HIAHE 12 774 BE B ECMO ™ ARk,
HE ECMO H % Bz A BT, 2018 44 [ JF
J& ECMO 2520 2 655 1,

EE&WHE.: MRS b AR R AR R i H
(CY2017-MS07 ,CY2019-QNO1)
PEEBLL: 700030 T 22T, 22 R 250 —BR B e A
PO BB R B RS E SRR
(ZHH)
BEIMEE . =, Email; bingrengao@ foxmail.com

255 % | Email ; lyngyq2006@ foxmail.com

Fe k-3 K ( veno—arterial, V—A) ECMO nJ D/ [A]
B2 HEIR R AP SR RO W R B 00 I DR 452
SR SO UK A A I R] | B AR 5 8 A AL
PG IR RO IR AR I 25 Y, HUBR, V-A EC-
MO 5 | L Ik i ALK A U % 17 67 Ar , L 336 i) L 37 V8
TE 2 P B D E S UGN, X T A ™ B 20 D)
REFR G0 B M, e 2.0 2 A REAS GBS L 05 1Y
M 22 O FF SRR R, 2 B0 N IR
TR R RS R AL E RS i e
A EY K HEF AL O B R ) T R 2
LUK, 2o 28 i g S s b ve 23 15 o 2 BE T g Al
OB 20 D RE KA . 700 B L4
DIReW R 32 i 0 HL 22O 5 B0y b T 0 B 3 s IR 2
i, 7E V=A ECMO 4t T i &R AT, BIAE 78 i 4
B, FE B IKIAT TCTE T, 3% 25 3020 0 28 LB



P E R AMEER 24 2020 4F 04 H 28 HES 18 %45 2 1] Chin J ECC Vol.18 No.2 April 28, 2020 125

S mHI R 1) T

Baseline CGS

ECMO 1.5 L/min
ECMO 3.0 L/min
ECMO 4.5 L/min

1251

100

751

50F

F& 7 (mm Hg)

25t

O 1 1 L 1 i 1 1 J
120 140 160 180 200
2% 5 (ml)

1 AN[F V=-A ECMO i ie 5 720 % HE H B

B THE V-A ECMO Hf B i[a] | Ze.0 % J5 £ 1oy 31
INZBRELOIIRE PR R, X R S W WU e AR R
IR AR AE RAE V-A ECMO 341 T .0
JIE S5 B e, (HRAR DGR RIE AN BURAAAE ; 3038 7
TERRTR Y BIVE T, 58 5 0 I3 h 71 27 B0 ik 2544
KPS HE . F, V-A ECMO ] 5 250 28 Ik
FEHEA AT DAyl w25 bt O 40 00 3 5 074 35 Il ok
MARSEI R RE™ . BRI, I PR R AR 22 0 2 0 e
FARALEE Gl 2 M 5 2 ik e B DR, 3
A I FH A 4 B 26 8 AT 22 0 R, (A2, 22
D EEEAR KR HA AN, 2P 220 % U
T3 22 AR AT AR P U, AR SO X B
i R ) 2200 Z IR AR AE— 2534

1 ZRMERECERER

XFFDIEF ARG T H V-A ECMO f9 5#k
Wi, AT DL AE AR o ol 2 3R 7 BB A ZE D kU
U I AR R 2SO E R A A R R
FH Y BB R ECMO 1458 Dk 3%, 33 7 =]
BABRERWZE O E R, 850 PR IE IR i
ERURYY . Weymann 54538 8 i A7 LAl kot v -
A ECMO BN B3 04T 220 B 08, OF H 248 il
7] DA 5 0 0 S el A T B O IRV 22 O E
POk AR Sandrio 45 i 7 A% 8 44 ECMO
FROLIE AT 22O S0, AR F).00 % N I 5 i A
P FEPE R AR IR RE , UE B HAE /N L ECMO B (%%
VS A RCEN ) B R AR AN, i 0 aE i A
B sk D ARTCE 2O WA R, BT
FE L K AR B /0N | 200 28 ol 45 7T e S 473 1
LRI, R 76 V=A ECMO %8 B[] | 28 i 3 ik
W] e L ZS O Z IR A 87 7. Kimura

GG RIE I B KA T 22 U B R BRI RACR 6
m Tepper 553 # 1B 28 72 0 % 0 AR 5 40 i I
J it 20 ke ke i B S AR, K e A 3 g

FriL 5 T AT X4, ) F AR L8158 T
SRTAMUA BEAT 2O 080, FHorh SR AMI A B i
U, Keenan 5576 M 75 5| 5 247 /M) FLAT 220
IR, B I 3 4 0 O SR T AL
Centofanti 5528 77 HIT AMIU A B 2820 23 B 260 %08
JEAE AT 20 = U, BE O IEHE 1 Rk
FHB1 Guirgis FRIEAEI T AR, BE ORI E
A 16~20 Fr FiEAT /20 WE" , BN, Eudailey
SRR 2B AT 20 D AR T

2 BRERALCEBER

Free iz Ae s, 7E T3k | B a1 be A i sl ok iy 28
B CE R T , PR GEANRE TR A2 E U
D7 2O B R FYE I B s Dk s A B 22 32
SR A D B AR AL O E HA TR S
2B PR Hong %5t 18 22 & 51 kA 4%
HAS FrRRE ARG RELOEN NS A
D EEF IR BB AR %™ . Chocron %5
B2 MBEE T KA BT EDIKAEOFE R
EWEART, 2 V-A ECMO BEAF1E LB KT
e WA 3 (AN B 1) P it A 5 B9 58] FL A A ) B, AT
DA S bbb Ao O S R St et IR, g itk AT
G 11 L, W DASEA 7 )42 200 28 U AT ad 2ok sk
& J1 i Brockenbrough 14§ J7 2 58 W s [l B i 11
XF T RBILCAnOp B LA ) 1 5, 3Kk 3% b7 1] B it 1 2
— R 3 L AT S I FE 43 20 0 U B TR T
X, AITERA IR I, Seib S54i23E V-A EC-
MO BN R HEKEE B A i DR ARG 220 =
JE 7 A 7S AR R R R RS (R, R RN
S P (R i F RS —Fioa AN ERAE , T fg s B0 A R
WO NEIRZE R =P AVR B ST AOiE P HHE T
(B2 () 200 B 0k, TG 3 00 7 2o 5 L YRS Vs 25 1
I, AR AW iR K 53 1% 5 s ] s ke
P B RGBS HRERE BENHEFARE
120 Bernhardt HGHEE X LB E A 5] 5
T, SR IDICR I 48 2 B 18] B ik A 220 s AT
Ze PR Y, Na %534 4 38 32 ] Brockenbrough
BT B IRl BRI R 5, 0 e bk 2 s 1Rl B ke 1T
fb N EAEA 2L i ik 48 AT SE Bl
XL R 2 Ak , Haynes S54RE f& Bh.O i S2 38
HEATIRUHS , HAT DA A8 1O B KV 43 T B R /N I AT
PAORAFRSUE 1 20 T £, (H S 2R A 55 I i PR i)



126 rp R ARSI MIEFR A% RS 2020 4

04 1 28 H45 18 %45 2 ] Chin J ECC Vol.18 No.2 April 28, 2020

BT Sl DK R A O EE I AR B LI
Pl AL 0 B Y LI i, B AGE R LR 2
50 PAY KRS J A B i 6 T 8 A 2 i Bl kot
AT AW

3 EzhBkABKE K (intra—aortic balloon pump,

IABP)

PRI I TABP 0] LIS N 3= sl ik &7 7k FE A eIk 3h
ik 8 T 2 5 1T DA 2 0 % )5 g > *) ) Sauren
SEEAT SN ST kB, TABP R8I V-A ECMO ]
[ 220 % I G geg I w8 el R sk i i &, V-A
ECMO HX & TABP Jij FH 7 I R 52 e b g )iz Adi H
43 ECMO HuRTF V-A ECMO By HH B 4% M
] TABP % Bh 3245, Santise 258758 ¥ V-A EC-
MO B4y TABP BA S 42 B LR A R 5 A A7 R 12T
BLANEE BEfF 9T 45 R 0, ECMO B4 TABP 7] #2175
DA T O TREAR 50 8 5 i A 77K % Brechot 2
UER TABP AJ 82O IR PR 5 8 5 W V-A ECMO
TR NS, i N N (S P SR 0 S R B K 1Y B
ECMO A1, ECMO B¢4 TABP i R R JC W 3k
TR0 2018 4 BEH HT AN A 29 I R 5T 3k
AT Meta 2387, KI5 ¥ V-A ECMO Lk, V-A
ECMO BX A TABP 1 BH & B AR A Be S8 TR, 7E 14K

A0 ifi B 95 (extracorporeal cardiopulmonary resus-
citation, ECPR) | C» IE A Ji5 o0 YR P4 K 5 A2 e i
OIS 20 3 B TP A B TR LAY 25 2R OF AR
P2 R GETT RAE B W B I & RE T TR e B
i 2 Y

4 Impella

Tmpella 2 —FHF0/ NI 100 2258 B 1200 A0 125
FBKIE, — B0 F L=, — B4 T E B ik
) HGE AT 32 Bl A 0 B B YR B e 0 FE U
R , T A/ 0 2 i B0 A, R3S fugeg 2
e X KBNS 513, Tmpella ITEZ &M F
3 RSl Dk R B0 K | 3 B Ik B = Bl IO 42 5
JCE . Impella 22 A 3 30 ik i 1L 3 o7 4 2l 32 2 kAR
P I B, 7 1 32 20 R 350 I 3 9 s 5 0l A4 T
B, G TR 20 o o e A 2 45 i 45 O & ES . Pap-
palardo %5 & Bt Impella B¢ V-A ECMO 5HLH] V-A
ECMO # e, £ B¢ f8 # FE T~ R B S FR AR (47% vs.
80% , P <0.001) , PG4 H i 55 & Az 264 LA (g 2
55 Fiedler 2[RI FEIESZ V-A ECMO B4 Impella
L V-A ECMO H H AT s (5 22 0 = T BE AN
R ERE AR AR AT ENE, Impella
Fe U FE VR AR B G (L S8 ot XURSS: | 2 i R =
A T AR B ) R

R1 O EWIEHA LSS
Fel B FOAR T B B
2 Tpages
IR AT — i 2 A b T S T A A G20 2 MR B 200 B IR
R A — S A KR T A0 D GUPZE D MR, W8 20 D WA 200 28 B LI Ak, A7 [ 700 22 080U
VBT R — Wi T A0 G A D3 ML, Y8 2 D WA 200 28 A LI Ak, A7 [ 700 28 080U

T T — i A sl bk
RIYI 1 CRTSMILA B S158 T A RIS A RS | I8 i
—IRGOIRE FEOE

Z W iRAR
ZEBIKAE O AR B T A — i 2o 3 bk
A A M 22 T SRR A E 0%
2 s 1A B 720 28 R PR A < 3 1o BR 5 5 1) s 11, 0 4 s Il
P 3% 1 Brockenbrough %155 [H] W 28 ) |0 5 ST 2R , 22 55 1]
TEOEABERE
Nl Bk 2 O 28 W - D A — 3 Tl fk e

e E R E
= 501k P9 5k 3 I ## (intra—aortic ballon pump, IABP)
Impella

TandemHeart

S B0 Dk ML , ol Pt B L 3 A, 75 V) 3 s B

G AE O3 MLRA T B A D B

G AE O3 MLRA T B A O B IR

AT B (Al N T3 1 3 B 3 7K B 22 ) A7 3, A T 2 O 2 D e
51 LI K LA , D/ I P LR, AT 1 20 2
BB TABP 13 583 O, RO S5 A AT 25 2B

G L0 B R R, AT B 2O ZE R
22 5 T 77 | 2o o H A LR, A 1) 4 A B i

M V-A ECMO I RTRHER, S B D= 8Pk R R



P E R AMEER 24 2020 4F 04 H 28 HES 18 %45 2 1] Chin J ECC Vol.18 No.2 April 28, 2020 127

5 TandemHeart

TandemHeart i 13 5 | i H 2200 55 1L , VSR TN
ZEUE ML, R AR R 22 O = WUE IR, %
e A T AT b DK ECT B ER KA A O
B, G b (B B TBCE 7.0 B b B 5 1 200 s Y
L, Gt 8 T D) i 28 i 2 ik 5 A 3= B ik
Hal® 30 Li SEHGE V-A ECMO BX 4 TandemHeart 7
DL e AR IR 3 ) 2 A AR E PR D41 e R I A 5
VRS TandemHeart 3 24P 15 B UF B, {0 7 &
A TandemHeart Zc.0 55 5| & il e, SAFFE B
SIARAR AR Sk SE A0 s T R RE AR XU, (E
TR R B A5 T

6 B =2

V—-A ECMO R FH 3 8] R 220 =5 5 67 far A 38500,
25200 E T RE R A AE IR K HoA I K E , HOR I
PRGN RFZM Z —, —31 Meta 43 HTiESE, 7E V
—A ECMO R FH AT, 720 28 3 e AR AT BH o j A1 A
BT RN SRR kAR WL 2 2 E DI iE
i 2w o et e o e . A 1 % T A e o e 4 45
FEAARE I KBS AR SOk I R B T e 1) 2 0 =
W FARVEAT B85 (£ 1), — T AR TN T 2
B UEAS [ 22 00 B8 0ol H 5 AR A7 2 19 9 R RE 5 I PR 3k
%, 73— J7 L EF XA RI R R 5 | & A E TR O TR PR
e, FENH V=A ECMO 1 [8] 35 FHAR] R 22 0 58 ol 4%
ARARE S e A 805 2 4 0 20 O S IUE ATty Bk
Frife— 2L WF5E

SE

[1]  Ventetuolo CE, Muratore CS. Extracorporeal life support in criti-
cally ill adults[J]. Am J Respir Crit Care Med, 2014, 190(5) .
497-508.

[2]  Extracorporeal Life Support Organization. ECLS Registry Report
International Summary[ EV/0OL]. 2019-10-20. https://www.el-
so.org/ Registry/Statistics/ International Summary. aspx.

(3] hEApEEY TREXERIMER /2. 2017 5 2018 A IE L
SMEHFARFASME R B A B B I]. o E AR IMERR e,
2019,17(5) :257-260.

[4]  Guglin M, Zucker MJ, Bazan VM, et al . Venoarterial ECMO for
adults; JACC scientific expert panel [ J]. J Am Coll Cardiol,
2019, 73(6) : 698-716.

[5] Cevasco M, Takayama H, Ando M, et al . Left ventricular disten-
sion and venting strategies for patients on venoarterial extracorpore-
al membrane oxygenation[ J]. J Thorac Dis, 2019, 11(4) :1676-
1683.

[6] Lim HS, Howell N, Ranasinghe A. Extracorporeal life support:

physiological concepts and clinical outcomes [ J]. J Card Fail,

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2017, 23(2) ; 181-196.

Burkhoff D, Sayer G, Doshi D, et al . Hemodynamics of mechani-
cal circulatory support[ J]. J Am Coll Cardiol, 2015, 66(23) .
2663-2674.

Meani P, Gelsomino S, Natour E, et al . Modalities and effects of
left ventricle unloading on extracorporeal life support; a review of
the current literature[ J]. Eur J Heart Fail, 2017, 19( Suppl 2) :
84-91.

Donker DW, Brodie D, Henriques JPS, et al . Left ventricular un-
loading during veno—arterial ECMO; a review of percutaneous and
surgical unloading interventions[ J ]. Perfusion, 2019, 34(2) : 98
-105.

Weymann A, Schmack B, Sabashnikov A, et al . Central extracor-
poreal life support with left ventricular decompression for the treat-
ment of refractory cardiogenic shock and lung failure[ J]. J Cardio-
thorac Surg, 2014, 9. 60.

Sandrio S, Springer W, Karck M, et al . Extracorporeal life sup-
port with an integrated left ventricular vent in children with a low
cardiac output[ J]. Cardiol Young, 2014, 24(4) . 654-660.
Kimura M, Kinoshita O, Fujimoto Y, et al . Central extracorporeal
membrane oxygenation requiring pulmonary arterial venting after
near—drowning[ J]. Am J Emerg Med, 2014, 32(2); el-e2.
Tepper S, Masood MF, Baltazar Garcia M, et al . Left ventricular
unloading by impella device versus surgical vent during extracorpo-
real life support[ J]. Ann Thorac Surg, 2017, 104(3) : 861-867.
Keenan JE, Schechter MA, Bonadonna DK, et al . Early experi-
ence with a novel cannulation strategy for left ventricular decom-
pression during nonpostcardiotomy venoarterial ECMO[ J]. ASAIO
J, 2016, 62(3) : e30-e34.

Centofanti P, Attisani M, La Torre M, et al . Left ventricular un-
loading during peripheral extracorporeal membrane oxygenator sup-
port: a bridge to life in profound cardiogenic shock[J]. J Extra
Corpor Technol, 2017, 49(3) . 201-205.

Eudailey KW, Yi SY, Mongero LB, et al . Trans—diaphragmatic
left ventricular venting during peripheralvenous—arterial extracorpo-
real membrane oxygenation[ J]. Perfusion, 2015, 30(8) . 701 -
703.

Xie A, Forrest P, Loforte A. Left ventricular decompression in ve-
no—arterial extracorporeal membrane oxygenation[ J]. Ann Cardio-
thorac Surg, 2019, 8(1): 9-18.

Hong TH, Byun JH, Lee HM, et al. Initial experience of
transaortic catheter venting in patients with venoarterial extracorpo-
real membrane oxygenation for cardiogenic shock [ J]. ASAIO J,
2016, 62(2) . 117-122.

Chocron S, Perrotti A, Durst C, et al. Left ventricular venting
through the right subclavian artery access during peripheral extra-
corporeal life support[ J]. Interact Cardiovasc Thorac Surg, 2013,
17(1) . 187-189.

Alkhouli M, Narins CR, Lehoux J, et al . Percutaneous decom-
pression of the left ventricle in cardiogenic shock patients on veno-
arterial extracorporeal membrane oxygenation [ J]. J Card Surg,
2016, 31(3) . 177-182.

Bernhardt AM, Hillebrand M, Yildirim Y, et al. Percutaneous



128

ARSI 435 2020 4E 04 H 28 HE 18 55 2 1] Chin J ECC Vol.18 No.2 April 28, 2020

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

left atrial unloading to prevent pulmonary oedema and to facilitate
ventricular recovery under extracorporeal membrane oxygenation
therapy[ J]. Interact Cardiovasc Thorac Surg, 2018, 26(1) ; 4-7.
Na SJ, Yang JH, Yang JH, et al. Left heart decompression at
venoarterial extracorporeal membrane oxygenation initiation in car-
diogenic shock: prophylactic versus therapeutic strategy [ J]. J
Thorac Dis, 2019, 11(9) : 3746-3756.

Avalli L, Maggioni E, Sangalli F, et al . Percutaneous left—heart
decompression during extracorporeal membrane oxygenation; an al-
ternative to surgical and transeptal venting in adult patients[J].
ASAIO J, 2011, 57(1) . 38-40.

Fouilloux V, Lebrun L, Mace L, et al. Extracorporeal membra-
nous oxygenation and left atrial decompression; a fast and minimal-
ly invasive approach[J]. Ann Thorac Surg, 2011, 91(6) : 1996~
1997.

Santise G, Panarello G, Ruperto C, et al . Extracorporeal mem-
brane oxygenation for graft failure after heart transplantation: a
multidisciplinary approach to maximize weaning rate[ J ]. Int J Artif
Organs, 2014, 37(9) . 706-714.

Chen K, Hou J, Tang H, et al . Concurrent implantation of intra—
aortic balloon pump and extracorporeal membrane oxygenation im-
proved survival of patients with postcardiotomy cardiogenic shock
[J]. Artif Organs, 2019, 43(2) . 142-149.

Brechot N, Demondion P, Santi F, et al. Intra—aortic balloon
pump protects against hydrostatic pulmonary oedema during periph-
eral venoarterial — extracorporeal membrane oxygenation [ J]. Eur
Heart J Acute Cardiovasc Care, 2018, 7(1): 62-69.

Ro SK, Kim JB, Jung SH, et al. Extracorporeal life support for
cardiogenic shock: influence of concomitant intra—aortic balloon
counterpulsation[ J |. Eur J Cardiothorac Surg, 2014, 46(2) : 186
-192.

Park TK, Yang JH, Choi SH, et al . Clinical impact of intra—aor-
tic balloon pump during extracorporeal life support in patients with
acute myocardial infarction complicated by cardiogenic shock[ J].
BMC Anesthesiol, 2014, 14 27.

Lin LY, Liao CW, Wang CH, et al . Effects of additional intra—

aortic balloon counter—pulsation therapy to cardiogenic shock pa-

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

tients supported by extra—corporeal membranous oxygenation[ J].
Sci Rep, 2016, 6 23838.
Li Y, Yan S, Gao S, et al . Effect of an intra—aortic balloon pump
with venoarterial extracorporeal membrane oxygenation on mortality
of patients with cardiogenic shock: a systematic review and meta—
analysisdaggerf[ J]. Eur J Cardiothorac Surg, 2019, 55(3): 395
—-404.
Desai SR, Hwang NC.Strategies for left ventricular decompression
during venoarterial extracorporeal membrane oxygenation — a narra-
tive review[ J |. J Cardiothorac Vasc Anesth, 2020, 34(1): 208—
218.
Pappalardo F, Schulte C, Pieri M, et al . Concomitant implanta-
tion of impella © on top of veno—arterial extracorporeal membrane
oxygenation may improve survival of patients with cardiogenic
shock[ J]. Eur J Heart Fail, 2017, 19(3) ; 404—-412.
Fiedler AG, Dalia A, Axtell AL, et al . Impella placement guided
by echocardiography can be used as a strategy to unload the left
ventricle during peripheral venoarterial extracorporeal membrane
oxygenation[ J ].J Cardiothorac Vasc Anesth, 2018, 32(6) : 2585
-2591.
Badiye AP, Hernandez GA, Novoa I, et al . Incidence of hemoly-
sis in patients with cardiogenic shock treated with impella percuta-
neous left ventricular assist device[ J]. ASAIO J, 2016, 62(1):
11-14.
Nagpal AD, Singal RK, Arora RC, et al . Temporary mechanical
circulatory support in cardiac critical care: a state of the art review
and algorithm for device selection[ J]. Can J Cardiol, 2017, 33
(1): 110-118.
Li YW, Rosenblum WD, Gass AL, et al. Combination use of
atandemHeart with an extracorporeal oxygenator in the treatment of
five patients with refractory cardiogenic shock after acute myocardi-
al infarction [ J]. Am J Ther, 2013, 20(2) ; 213-218.
Russo JJ, Aleksova N, Pitcher I, et al . Left ventricular unloading
during extracorporeal membrane oxygenation in patients with car-
diogenic shock[ J]. J Am Coll Cardiol ,2019, 73(6) ;: 654-662.
(M5 H 491:2019-12-03)
(3T H #:2020-02-01)



