2022454 A 5385 48 HEE 229

iﬂz DOIL: 10.3969/j.issn.0253-9802.2022.04.001

e AN B O M ERFERE FHY
NASHRERE

iﬁﬂﬁﬁﬂ

BEEEEN: AFR, 2/ 2EER, EFHLE HLME4E SR, £EMNKF
Z#% X5 (UCSD) Hit)E, PLRFVPHELEASHENMITK, PLUXFHES ZERM
BPCSERFER, g AFEA 1999 FHRLETPLRP, FARFEFH LR, ¥
T 2003 4 10 A £ 2005 5 1 A /£ UCSD #7191 5 4, 2005 4% #1516 XL 4 dm £ E Society for

Gynecologic Investigation ( SGI) &, Jf A “Wyeth President’s Presenter’s Award”, M &
IRIAE30 &, AELNFIERLZAARRGEST . RFEA AR, AR R AN E

TP G W 2, ERE K LS K@&@WﬁAéﬁ\wﬁ HJ PG EESYL T,
FATIR A R b JL BN 3. BB BARRRAL . B f /R, SHRER A »m%&\%#&%%o

%E*EEWWA?&E%AEWAéEmEﬁ”%%%«ﬁxﬂi& LT RATEBES
SFARCHRELERAIEER., JAETHBELLF A nERmELE ﬂiﬁfﬂ\ﬁﬂﬁﬁ%ﬂéﬁA@i&
éﬁ\ﬁﬁ%%kéﬂ L EIHER. TAES R EEIRP CHEAS *&wiﬁém\r#%E 2 FRFE AT R

AR FHAMK, B EHEAART QB R AAFAFEES. BREELAMFRLLIEITR 9737 o RAEHAHRA 10
KM, AERAFRTL 10025, TH(HRESBEERR) 5 13, £npHEEE (S d XKABE R ZE) (8 3 %kR
1635 3] ) (HEIEE F WA ) (RIB I RURME O R ) Fo( ZomBR A3 KIE) £ 5 3,

-

(=] R AUASN I (EECP) 2 —Fh A B EIA BRSO B, il [0 O Wi - 67 Kiz 3, 2 i sh
Jieg . MU N B IIRE, PUBIBKBREREALSEERTY , AR PR T . HRTS0 & R 0 BB B I PR B G T AR
g oo R A2 Bk O U . ETR PR SO SE . B X0 BE B i B AR W HE)T, EECP X0 I
BB IRTT 5 B I H A ] ZATER, E%%EHT%W%~@E%%D%%%%Tﬁ% TEHEJZBEIT ik
BFER AT . IO EECP 7E.L ML 2 FE S B N B WS itk e AT 43k, LAIWI R EECP 7.0 L8 %39 FRE 52 H B4 1 R
JOLJH R 2 J AR AR A

(88 ] SESRALASN I, Msh Jr%s O MAELR; OHEREA; OIERBIGTT
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[ Abstract ]  Enhanced external counterpulsation ( EECP ) is a non-invasive auxiliary circulatory technology and device, which
plays a therapeutic role by synchronizing cardiac systolic and diastolic movement, improving hemodynamics, enhancing vascular
endothelial function, and exerting anti-atherosclerosis effect, etc. Currently, EECP is widely applied in the clinical prevention and
treatment of cardiovascular diseases, such as chronic heart insufficiency, ischemic cardiomyopathy and refractory angina pectoris.
With the gradual attention and continuous promotion of cardiac rehabilitation in China, EECP has played a critical role in the treatment
and rehabilitation of cardiovascular diseases. In the future, EECP will serve as an important cardiac adjuvant therapy and benefit
patients in primary medical treatment. In this article, the application and research progress on EECP in cardiovascular rehabilitation

were reviewed, aiming to provide evidences for the clinical application and development of EECP in cardiovascular rehabilitation.

SEIH . ER ARR LS (81370447)
TEHHAL: 510630 1M, FHILREMUEE = BEBEC & AL, LR rh T BESS S BT ST
BEEE, BFH, E-mail: qianxx@mail.sysu.edu.cn



230 HEE

2022 4 A% 53 8% 41

[ Key words ]
Cardiac adjuvant therapy

B 98 Ak 4 R 4% (EECP) & — b T8l 4 By 8
FEAKEE, BTz AT W5 kiR
HoAERCIERA S —ANEES R ST TR,
EECP T 0 i R im B T 7 . 36957 R A4 K
BEELT ANMNAER . M & EECP #F R B EN,
4 EECP AL T 0 A ZBMibT 5 KA,
M EE ) Z RS S i ERIE BT R
SR, KX EECP 728 i1 4 K 7 B £ 47
B Pt RVEAT R, A E A R Bk R 3E A
HAITRE,

—. EECP W T{EJFIE

R A 2R 7 R, #E20kw K% B
ok AR, STIR Ml R R, DUA B R,
BREMEAEI, WL, B, FEEERENM
AN —MEER TR, BANRE T EA
FHHRARERE GRS ERMA, BHESIR
WAEERE®H ZNHNEZEECP %8, LT
JRFE R A RN KRR BB o B B R
MARE, BRTEHZERNEFEFHOE
B R, 83 FiH S AL S B A U B U4
ek, ARZAREHRANERAEHRTRE
. HA, EOESKNEEAEHT KU
AASOms M ZF R A, REFKMHELE;
LRI NREH, mA A A EAREE S H
A, THRBERKTK, BNESKE E3 ik
7 G N b = T Y

—. EECP X B B ERVLE

EECPE A —FEEF R, A
mERFET ., BT MEETHRLEEENE
o EECP #9738 4 3 AL 4 & 2 3t o & 5k " By
1 P AL 4 L 8 A & = EECP 3 3¢ 38 3 1 % 47 Bt
H . BRE A WK T RO B ik A RE A S AL
KEER, NTIREI T . b7 REES LTk
i Y R

1. VA5 ML IR F1

HREH, EECP ¥ K F fiksh /%, #A
B Bkt I R A, B L G e R A R A AR
TTEEWNERN, HIANZEECPREWNEE

Enhanced external counterpulsation; Hemodynamics; Cardiovascular disease; Cardiac rehabilitation;

Hole U ARMASY A FFELE, LEKLE, o
TR, B Y48 B8 e, YR A R
K. Y Zik#% < EECP &7 B, EECP & # 0
FRAMT. HA, REZRFTRKMELIE, B
BROEERST, AREELEERE, BD LK
WAL, PR E L E P A, B A S A
BB LR A B e, B R 4R R B
M AR E % 55 Y0 48 B, 3 e 3h ko T R A
30~60 dyne/cm®, M T A% E L, 4 FF LA B
FRE, REBBTALEEY, EXRENTR
0 & I EECP 36 97 7 3 fn 3K B T KA WK 3 Bk e
B, BHEMERR MR E, W HECNHE
i B FR A

2. BB IE N 2 D RR

EECP 8 W1 B R & H 7| L0 & ik, 4F
KmENE, AELMENEGE, HIEATHSE
L W R A A R R R T L T e R RE R
XL S NA A EEET LR NS T,
i WK 40 R K IR R E B F RO T E AL AT
W, wWAKE-1, REEEEXKFARETE,
0 YK A A SR E RO, R A
pS3 kK AT EE, SHHEEFIELET -2
KFRE, M8 W R M FG AL MG L
ZU ik 4h, EECP ¥ n i 4 b kY1 5 Ay,
FRARENEEKEFHERLESR, Wi EHR
mAFREF. EAXEKET. RERTER
MAEKEFFamEKEF, RIFNIFEEANK
Mampsh B, VTER b, (RIE M AR
o

3. PLsh kb ek

RG-Sl = N 7 oA N o - G =
HER, ERERMEAREST, hEAN A8
FENHIREEEN KA, R R
B8y kak, ey B A KRR g Fk
BT W IE, (23 50 Bk AR AL BT R B D K o
il A2 B KA AL A T, fE N R AR A
EAF R AR ER, BERXERT
FEAT, REREAMNLHEFAF, ExtAA
R HEA A ERERARERSY R
A AR A, EECP 7 DL 4| 32 4% 4 f0 U & |



2022 4 B 53 BB 4

HEE 231

B, WD IR P A, AT A B o AR
AT k. & ITH R K I, EECP # L 37 %] fn &
W E MR T /NRR M K E T Z A
FHEBRERENIHA -1 R MR ER T
ki, MHLIREE, LEZRENFERIES
By M /MR R, T 30 4 B Bk 3 RERE AL A AR

=. EECP X} M1 & 5k R E M=

1. B LTIRER S

& Mo Th B F A B H % T EECP %
T, WP ah ik E R E o BlOOR R, 8 AL
- P HERE, EOEHEBHEERONEE
BB, AWK o FOREEfl NET R4
B, QRER. FEATHRE, QCHELLE
RAF LBk Y, £ PEECH R % &, #79% HiF 4
T EECP sty R A B FMER, HER
B, EECPRETEBRELGELL2AEHNET Y
it &, 35% X REMNBEAZFIWZHKHE W E
M1 min, CHELAKTEFZ6ANA, WEK
REEFTEEECP BT 1 AR B E, %4
REG6S U LMEFABFERAL™, Kk
Z 4, EECP T Wl B3 mig % /) 38 B # 6 min
FATHE®, #% LVEF, B{Kifi#F N- K% B A A
WREATF, ZEEREQ D FEBERDL FEHQ
77 FE 5% 1E B Hh Bk ot ALK B A I 90 d W
% T 2 EECP %7 M7, K IA T M8
349% HE R &£, UK 6.1% # % EECP 35 57 th &
o LR B B R E AR, A, &
% EECP &7 Eo i Bl B2 FHFATHES
¥ w52 m (18.4% ), ALFE7E 3R A8 B0 v 9.95
B (100% ), 4 5 H 61% % 60% th & % NYHA
NP RBEMERCEF O RBEHE™S, T
CRRKEHMEFTRBO ) FRBES, EBEZR
TR EECP 67 5, B4 o0 d B EKFBIK,
HFEZLfERREH (MACE) & EHDM,

2. Sl AR

TSR EHFTE, REFAKE/
WEELREEAR KSR MRS ¥ &
EF AR IA L, EERFNE R K (KT
75% TR E ) EEECP PR sh h ¥ K EE X
WE, FHREGHNE AN EXTRILE EH
B RNE R X TR TE (25 H 12.3%
£ 6.7%, 6.8% %% 2.5% ) "', MUST-EECP 2 % —

ANFE R EECP Xt 8kt LR B B om i £ g,
AEM A AL BiRE, R4 RE R, EECP
NERHFEHWE. AMEsESTHTE Il mm,
NEAREREFHBRE M EAAEHANE K
%, 70% B HFERKETHE 1 F, L85
REFR, N REFEEZ 17T RF TR
EECP 36 77 Bt 7T £ £ 30 ik & PR AK, & 3 Bk 4
kR E A BOEAR, AN E A E B, QALE
AETHE, REQNEE, A0 %50 BIK,
M BRI E RSB LR, WO REE LAY
F &M, T EECP &7 & 809 8t bt 0 LR &
Fo, 5% R H A 3~5 ERFSRE, 64% B
B# 5% N T MACE & £ ™,

3. MER LB

EHEESRBEREARG D BTN, CERE
BRAATHREHRCRBEAET T ZEAFZRKN
BT R EECP BT G, MiEMO & BEH R
T 3% B it % B 8 d 6.48 min 3 A0 # 9.20 min, &
REFAMTYER 444 RH L EH I E 5.65 K
¥ Y% &, LVEF & 42.65% 7+ £ 44.26%", —
MEEQNEN, EHFEXEITEEECP BT,
T2% B0 IE MG B B BRI R M, 52%
MEZLORBEBRLE, B2FABRCKHERE
ERERMACE X A X BER, 25N EFEN
83%, WMABERET B LMEHS N EE
B R, st kAT PCI 2 ARk 30 k% % # M
R EHECEFEEET EECP BT B, AELX
AZREORECKRRENERLWE TR, £
THI S NYHA Qe o R B HABFZERE M
WL, %K EAEEECP &7 % 5~7 A4 8127
%K % BB S SR B EECP A R4 By i
Z M, 4t MACE A3t B, F i E 7 DURE
B EREOER AP, EECP X T B HEO &
HEHFMERLe., TH. ARNLAIQERE
BT FE, EECP 3t T 36 M8 &M W7 1R
eI HE,

4. Pk AL AR

T KRB REFT S, BT RFHY
B, WEWESHEEMNET R ERLE
Eih, R EZIA, ¥ REQNFAZEFTA
TR L, mMTOREEERE R BT A
EECP 37 FF T 2 M A, KA AR B 4 A
IR, LR 125 45 i 9% 208 oh B 48 AR AR AT K



232 HEE

2022 4 A% 53 8% 41

LVEF, i &, £ F 4K KM N AR
/N, 6 min FAT KIS BE B M L ot Ty kA
NSMEAEETE, ERFHMETEMT, BEX
EECP H £ ERE 7T & B 0 Lz e, #
MKELETERERTE

5. DHE X 4R A1E

EX AR THWEAE RN, HAT
B PR Bt ¥ LA R M ey 7, F AR AL
B 254 B £ bR T RS BORER, Eh
TR ANEZE R, ﬁ%mMXJAﬁ%Jﬁﬁ
EMAF— P EFABT A E
X 4 &1 M%m%if%%EﬂP@f il
EJ R, RE X AR B B E R A A
ZHE, 87% thFiX#E T MACE X £, & #
%ﬁ,%%%%%f%me%Eﬁ%%EmP
FLLE B Y 8 BE X A AE B — AR R R R
%&,uﬁﬁm&fkﬁﬁ$\%%%ﬁﬁﬁ,
Mk ERHENEERE,

N, & iE

EECP HRI TP EEN A TORH. W HH B
W R, BV MR RELE N ES
B . 0| ROE B B0 Rk RE AR AL & R 3B A S LA
KB, Bk kEC g, &E0 M
A - i T, REQBER. B A, ATEE
B RO R EAR . B AR R B R
EECP F#EE £ i &km (md KA S AR .
NEX FEAME) FENER, FVEFRETE
Wy 38 4L . %%i@%w%%ﬁ&ﬁ mm%%
B A R R AR BT R EE R R RILE
e AR ANAE

& £ X o

[1]  Buschmann E E, Brix M, Li L, et al. Adaptation of external
counterpulsation based on individual shear rate therapy improves
endothelial function and claudication distance in peripheral
artery disease. Vasa, 2016, 45 (4):317-324.

[2]  Zhang Y, Mai Z, Du J, et al. Acute effect of enhanced external
counterpulsation on the carotid hemodynamic parameters in
patients with high cardiovascular risk factors. Front Physiol,
2021, 12 : 615443.

[3] LiB, Wang W, Mao B, et al. Long-term hemodynamic
mechanism of enhanced external counterpulsation in the

treatment of coronary heart disease: a geometric multiscale

[4]

[5]

(6]

(7]

(8]

[9]

[12]

simulation. Med Biol Eng Comput, 2019, 57 (11 ). 2417-
2433.
Wiadess, B2 0t, SRARRR, & . RSN O LI i R i 3

EIPIESiE ﬂl’]&lﬂﬁ?’%ﬂﬂi‘l BOERTS . R B AR B,
2005, 21 (12): 2350-2353.

Zhang Y, He X, Chen X, et al. Enhanced external counterpulsation
inhibits intimal hyperplasia by modifying shear stress responsive
gene expression in hypercholesterolemic pigs. Circulation,
2007, 116 (5): 526-534.

BRI, B, SRARRE, A ARSNAERTC LR MK SOD
I MDA FY5EME . ALKl (BERART ), 2006, (S2):
9-11.

Zietzer A, Buschmann E E, Janke D, et al. Acute physical
exercise and long-term individual shear rate therapy increase
telomerase activity in human peripheral blood mononuclear cells.
Acta Physiol ( Oxf ), 2017, 220 (2): 251-262.

Wang Y, Xu D. The effect of enhanced external counterpulsation
on platelet aggregation in patients with coronary heart disease.
Cardiovasc Drugs Ther, 2021, 35 (2) : 405.

ZhouZ ¥, Wang D J, Li X M, et al. Effects of enhanced external
counterpulsation on exercise capacity and quality of life in
patients with chronic heart failure: a meta-analysis. Medicine
( Baltimore ), 2021, 100 (27 ) : €26536.

Feldman A M, Silver M A, Francis G S, et al. Enhanced
external counterpulsation improves exercise tolerance in patients
with chronic heart failure. ] Am Coll Cardiol, 2006, 48 (6) :
1198-1205.

Lin S, Wang X M, Wu G F. Expert consensus on the clinical
application of enhanced external counterpulsation in elderly
people (2019) . Aging Med ( Milton ), 2020, 3 (1) : 16-24.
Melin M, Montelius A, Rydén L, et al. Effects of enhanced
external counterpulsation on skeletal muscle gene expression in
patients with severe heart failure. Clin Physiol Funct Imaging,
2018,38 (1): 118-127.

Tecson K M, Silver M A, Brune S D, et al. Impact of enhanced
external counterpulsation on heart failure rehospitalization in
patients with ischemic cardiomyopathy. Am ] Cardiol, 2016,
117 (6) : 901-905

Zhang C, Liu X, Wang X, et al. Efficacy of enhanced external
counterpulsation in patients with chronic refractory angina
on Canadian Cardiovascular Society ( CCS ) angina class: an
updated meta-analysis. Medicine ( Baltimore ), 2015, 94 (47 ) :
€2002.

Xu L, Chen X, Cui M, et al. The improvement of the shear
stress and oscillatory shear index of coronary arteries during
enhanced external counterpulsation in patients with coronary
heart disease. PLoS One, 2020, 15 (3) : e0230144.

Arora R R, Chou T M, Jain D, et al. The multicenter study of
enhanced external counterpulsation ( MUST-EECP ) : effect of
EECP on exercise-induced myocardial ischemia and anginal
episodes. ] Am Coll Cardiol, 1999, 33 (7): 1833-1840.
Sardari A, Hosseini S K, Bozorgi A, et al. Effects of enhanced

external counterpulsation on heart rate recovery in patients with



2022 4 B 53 BB 4

B

233

[20]

[21]

coronary artery disease. J Tehran Heart Cent, 2018, 13 (1):
13-17.

Lawson W E, Hui] C, Kennard E D, et al. Enhanced external
counterpulsation is cost-effective in reducing hospital costs in
refractory angina patients. Clin Cardiol, 2015, 38 (6): 344-
349.

Wu E, Martensson J, Desta L, et al. Predictors of treatment
benefits after enhanced external counterpulsation in patients with
refractory angina pectoris. Clin Cardiol, 2021, 44 (2): 160-
167.

Soran O, Kennard E D, Kfoury A G, et al. Two-year clinical
outcomes after enhanced external counterpulsation ( EECP )
therapy in patients with refractory angina pectoris and left
ventricular dysfunction ( report from The International EECP
Patient Registry ) . Am J Cardiol, 2006, 97 (1) : 17-20.

Jan R, Khan A, Zahid S, et al. The effect of enhanced external

counterpulsation ( EECP ) on quality of life in patient with

[22]

[25]

coronary artery disease not amenable to PCI or CABG. Cureus,
2020, 12 (5): €7987.
Sahebjami F, Madani I R, Komasi S, et al. Refractory angina
frequencies during 7 weeks treatment by enhanced external
counterpulsation in coronary artery disease patients with and
without diabetes. Ann Card Anaesth, 2019, 22 (3): 278-282.
Gallone G, Baldetti L, Tzanis G, et al. Refractory angina: from
pathophysiology to new therapeutic nonpharmacological technolo
gies. JACC Cardiovasc Interv, 2020, 13 (1) : 1-19.
Xpte, SE o, R, A OIERE LGRS IIRYY
PR NUR R RBETE . ATLER S, 2017, 45 (3) : 320-
323.
Kronhaus K D, Lawson W E. Enhanced external counterpulsation
is an effective treatment for Syndrome X. Int J Cardiol, 2009,
135 (2) : 256-257.

(ki HIH: 2021-09-16)

(RO BHICH )




