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[HEEIEW B RAASN 7 ( enhanced external counterpulsation, EECP ) Xt & il i FR s ik ik EEA# AL ( subclinical
atherosclerosis, SCA) MIERITRIZ M. ik MBS 86 Bl &AM S Il E (essential hypertension, EH ) fEE %
o FTA BB 852 EECP AT, THRITRR 35 Wk, SEBRIET 30~35 UK. X LU IRYT RIS S0 ik I BE HHZ R ( carotid intima—media
thickness, CIMT ). B/ 45%k (ankle—brachial index, ABI). & BRIk L 53 % ( brachial-ankle pulse wave velocity, baPWV ),
ShESBh KA a2 ( ambulatory arterial stiffness index, AASI ) M-S0 BT K TIHE (flow—mediated dilation, FMD ) 545
Ak, 2% ChE E IUERT AR R (2024 AFHETTR)) O L XU 3 2 LU AR AR E L, IF3 0T CIMT BCEIEmINER . 4558 iR
7). B CIMT, baPWV., AASI ¥ESAIFAT R FRE, FMD Il ABI BT (¥ P<0.05), AN R, OS5
R, CIMT R IR ED M 2otk mIA 8K, EECP SEFRIAYTIRER ( f=-0.486 ), ILLLILZE E ( systolic blood pressure,
SBP) (=0.352) Ky ERFE (f=0.318) J& CIMT BCEMMEMKER (¥ P<0.05), R7IEJC™EA RFIFLE .
4510 EECP BBARCHGE & I B SRR S N B2 DR, SEZ% SCA #EFE, HAZRMERLF, IRy i Hs 540 s 2s 14
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Clinical study of enhanced external counterpulsation in improving subclinical
atherosclerosis in patients with hypertension

WU Bo, LI Jie, WANG Bo
(Department of Cardiology, The First Affiliated Hospital of Nanyang Medical College, Nanyang 473000, Henan Province, China)

[ Abstract] Objective To investigate the clinical efficacy and safety of enhanced external counterpulsation (EECP) in
improving subclinical atherosclerosis (SCA) in patients with primary hypertension. Methods A retrospective analysis was conducted
on the clinical data of 86 patients with essential hypertension (EH). All patients received EECP therapy with a planned course of 35
sessions (actual completion: 30~35 sessions). Vascular functional parameters, including carotid intima-media thickness (CIMT),
ankle-brachial index (ABI), brachial-ankle pulse wave velocity (baPWV), ambulatory arterial stiffness index (AASI), and
flow-mediated dilation (FMD), were compared before and after treatment. Changes in these indicators were analyzed according to
cardiovascular risk stratification based on the 2024 Chinese Guidelines for the Prevention and Treatment of Hypertension. Additionally,
independent factors influencing CIMT improvement were identified using multiple linear regression. Results ~After treatment, CIMT,
baPWYV, and AASI significantly decreased, while FMD and ABI significantly increased (all P<<0.05). Subgroup analysis revealed that
patients with higher cardiovascular risk stratification showed more pronounced reductions in CIMT. Multiple linear regression analysis
showed that the actual number of EECP sessions (f=-0.486), baseline systolic blood pressure (SBP) (f=0.352), and duration of
hypertension (f=0.318) were independent predictors of CIMT improvement (all P<<0.05). No serious adverse events occurred during
the treatment period. Conclusion EECP can effectively improve arterial stiffness and endothelial function in hypertensive patients,
delay the progression of SCA, and demonstrates a favorable safety profile. It may serve as a promising physical intervention strategy
for the prevention and treatment of early vascular lesions in hypertension.

[ Key words] Enhanced external counterpulsation; Hypertension; Subclinical atherosclerosis; Carotid intima-media thickness;
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K FERTEAL (atherosclerosis, AS) 2.0 1%
PRI A% oo BHLERHE , 755 1L SR TP 20 60%~70%
KA AS, HRIRBOl R 0 N K IRe S
By ok AR A 2 Ko #53h ok N R b R )RR BE - ( carotid
intima—media thickness, CIMT ) {Uf=M8 = Hopg Bl
it B2 58 BRI i PR Bl Bk ks B B AL ( subclinical
atherosclerosis, SCA ) " HRFT, &1 524K
AT T7 IR K2 UNGTY , (BT AR 25 UM 22 |
R RO il 45 A5 48 EAA b A A PR SRy R
s BRSNS $ ( enhanced external counterpulsation,
EECP) {EoA—F LB ik, il i 4R
TEFF SR BUIA T B, 77 A 08 Heiple AR I ek 2245
BMLARHEE" BT, ARG T EECP X
I SCA RYFFUNEL, e i P40 i A A 22
IR AETC O RN
1 AR
L1 RMR

ABTTEARTHETEBAS ST, LA 2022 4F
112 2023 4F 12 A TR B s S L R i s —
B B= B O N RHE 2 HA%Z EECP 167 R R K
HEEMLUE (essential hypertension, EH ) £ 86 Ve
HREFEXSG MAFRE: OUE R
e (2024 AFEITHD)) P28 EH 455 QiU
ﬂi‘]y%ﬁ[ﬂ&%ﬁ}f ( systolic blood pressure, SBP ) <
160 mmHg HA&F5KE ( diastolic blood pressure, DBP )
<100 mmHg|®7EFK AT EECP JAYT ; @ik MHFK
BB REA; @R&NM, B5 . 6
J1o HEBRARIE: OEIPHERG . HUIRIRESR . ™ E
JF B S Bt I S s FFAE S EPR IF ML
AR | O 1y [ A 2. R 34 ( New York Heart
Association, NYHA ) 32 = I 1550 & 500 4
@k &M B s @H B EAL T & i
REH s OF MUdge | kPR ks . = EF bk
SRR F K AR s @ HOMERRIEYE . Se Rk
ONERS . ESkRE sk )z s OinshitEE R
Guphe . WitezE . sk (SBP>50 mmHg ).
et Ch R MERGTER (2024 4EETTHR ), B
TUEAFES S ak H 3R FE B0 SRR R
PR B RE AT XS 02 - ARFELH( TTER R ).

g (1~2 MERFER ). &mEd (=3 MakH
RO ERE SRR ). IREfad CAIGRIEA
KEBE IR PR B A HA AR R ) AN
AR5 58 Ol g BH B 2 S AR B R AR — s
BEBEfe B2 i os At (45 : 2022-HT-0011 ), fir
ANABE LB AR
12 #HREE
TR A B 2Ry Jr 5600 |, RIHE
Pt e P-ECP/TM B EECP % B 6 F i S48 %
ZARH RMEME, FERCRRE (RBE . /M) K%
WL AR B TR E . IRIr S E
SPEFSEST 0.025~0.035 MPa, LIFEIKIE D/S HAH
(EFIRMe M a i Ll ) =12 V5 AR s
M IR, (BRSO3 R,
BITAIRBEE N 1R/, FHIK 60 min, 5 d/JE, 11K
SRR 7 R, HRIAYT 35 . ZARMIERZE, 2k
HSEBRSE IR ECH 30~35 K, IEYT A RO
Wedr .
1.3 MERiEHR
FETF L P RREEHT 48 h P47 A hBEEA,
Fa AR dE AT R, A 30 B0 ok R e 2 R
( carotid intima—media thickness, CIMT ). & BRk4H
WAL S #HEF ( brachial-ankle pulse wave velocity,
baPWV ). Jit: 2l ok il it A 5 148 &7 5K D BE ( flow—
mediated dilation, FMD ), FBE8%% ( Ankle—brachial
index, ABI ), ZhZ5ahfikifk5%L (ambulatory arterial
stiffness index, AASI), DMK Z4H G
JPHIJG CIMT, baPWV ., FMD ., ABI, AASI BYZ5ME ( A
=VRITIGIBITRT ), AR R 2 5 AR
SRR AL BN R, AR R R BE .
JHORIE . sl . OHER AR
14 SitERE%E
K SPSS 26.0 GEit it AL 3 5 55
Mo XFFREIESAATHR TR, RS 4R
2z (xEs) WEH TR eSS, AIRYTET
Jei B A U3 e BT X REAS ¢ K852 A 5 BRI n
(%) [WIERE, FEH x> B raLm .
K ZIeRPE AT CIMT 2R bR &, %
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B 95% B =X 8] ( 95% confidence interval , 95%CI ),
UMK, P<0.05 KZERAGIFEX
2 %R
2.1 BEEZLEN

ABEFEHRIGIA 90 41, SEPRTERL 86 1, 4 {4
A N iR i (BRER 4.4% ), O A8 XU
Gy ARG 12 ] (14.0% ). & 28 1] (32.6% ).
e 32 Bl (37.2% ), RESE 14 41 (16.3% ). H2k
PR He) . IR EFE%L (body mass index, BMI ),

D3 RN A HEEE (high—density lipoprotein
cholesterol, HDL~C ), %5 i [fil ##( fasting plasma glucose,
FPG ). IMWLAEF ( serum creatinine, Ser ) F158 % EECP
UHHERE, SRRSO PERL (1 P>0.05 ) 1
SEWS . IR . SBP. DBP. EIHEEE ( total
cholesterol, TC ), HiH =M (triglycerides, TG ). ik
45 & A6 £ FIH [ 85 low—density lipoprotein cholesterol ,
LDL-C ) HA, 2257 A Gt R (4 P<0.05 ),
FEER I RFFAE B ZH 5340 W3R 1,

1 BEEZIGRFERXESBELR[X+s, n (%) ]

R Mt (n=86) (&G4 (n=12) wHfE4 (n=28) a4 (n=32) IREEH (n=14) F/x? P
i (%) 58.6+8.9 52.34+6.2 56.4+7.8 61.2+9.1 64.5+8.6 5.832 0.001
BEn (%) ] 48 (55.8) 5(41.7) 14 (50.0) 20 (62.5) 9 (64.3) 1.524 0.677
RLEREE (a) 9.6+4.2 52421 83435 11.244.1 13.64+3.8 12.456 0.001
BMI ( kg/m? ) 25.84+3.2 241428 252+3.0 26.4+3.3 27.1+3.5 2.145 0.101
SBP ( mmHg) 142.54+12.6 128.5+8.2 138.64+10.5 148.24+11.3 156.44+12.8 18.623 0.001
DBP ( mmHg ) 88.3+8.5 82.5+6.2 86.4+7.8 90.2+8.6 94.64+9.2 6.245 0.001
L3 (YK/min ) 74.249.8 725485 73.849.2 75.1+£10.3 76.4410.8 0.458 0.712
TC (mmol/L) 5.1240.86 4.68+0.72 4.95+0.80 5.324+0.88 5.68+0.92 3.856 0.012
TG ( mmol/L) 1.864+0.62 1.5240.48 1.7840.58 1.954+0.65 3.62+0.74 2.984 0.036
LDL-C ( mmol/L) 3.2140.65 2.85+0.52 3.1240.61 3.35+0.68 3.62+0.74 3.245 0.026
HDL-C ( mmol/L ) 1.154+0.28 1.2540.30 1.18+0.26 1.124+0.27 1.08+0.25 1.125 0.343
FPG ( mmol/L) 5.6840.95 5.4240.82 5.58+0.88 5.76+0.98 5.98+1.12 0.985 0.405
Ser ( wmol/L) 78.5+12.3 7524105 77.8+11.8 80.24+12.8 82.5+13.5 0.845 0.474
S EECP YA (%) 335423 342+15 33.8+2.1 332425 328+28 1.256 0.293

. BMICARTETSEL; SBP MUK ; DBP AEFIKE; TC A R AR EEE;

B2 FPG AZSRIMNE; Ser MIMUILEF; EECP N3 BRSNS
2.2 EECP &ITHIRIEINREFEFRELER

TG R HMM=MHE; LDL-C {85 B i 2 1 0 s

HDL-C A1 % NG 8 IR

2.3 xlﬁjl[‘_}m%ml‘ﬁﬁ Klu\%ﬁ)‘&

% EECP IAY7 )5, WA s brd) i 2k
., CIMT. baPWV., FMD. ABIL. AASI#5F3806YT
Hr B B E (¥ P<0.001) (F£2).

£2 AFHEMEHAERILE (s )

bR T HI HITIE t P
CIMT (mm ) 0.89+0.15 0.78£0.12 5321 0.001
baPWV (cem/s)  1689.45+189.35 142536415628 9.856  0.001
FMD (%) 6.58+1.18 892+125  11.245  0.001
ABI 0.95+0.09 1.02+0.08 4958  0.001
AASI 0.51+0.08 0.42+0.06 7.835  0.001

T CIMT sl Bk A 5 ISR s baPWV A BRI A% KB FMD
ML TSI E T SR BE s ABUABVEHES AAST R 5 ShIKEEALFE 2

WA BT s, FEER XS A, CIMT B i
% (F=4.258, P=0.008). REfa4 T (0.15+
0.06 ) mm, &G4 (0.1240.05) mm, HfE24 (0.09
+0.04) mm, {KfE4H (0.07+0.03) mm. baPWV F
FMD g 7R 2 AR SR (%3 ).
2.4 CIMT T NnERA % Tk YT

PLACIMT iy RS 5 %) Z2 o0 2tk [T 434 i
(% R =0.486, F=12.354, P<<0.001 ): 52FR EECP
TRIT KL (f=-0.486, 95%CI. -0.642~-0.330,
P<0.001), #:£& SBP (5=0.352, 95%CI: 0.125~

®3 AERKESEEERFTAIENENEEREL ( X5 )

fabn s} [i] f&fEdH (n=12) FifEs] (n=28) EfEd (n=32) REmfEd (n=14)
BT R 0.72+0.08 0.83+0.10 0.92+0.13 1.05+0.16
CIMT (mm) RITIE 0.65+0.07 0.74+0.09 0.8040.11 0.90+0.12
ZH 0.0740.03 0.0940.04 0.1240.05 0.1540.06
BT R 1456.254156.32 1625.36+178.45 1785.62+195.68 1925.36+215.48
baPWV (cm/s ) RITIE 1285.364-142.58 1425.36+165.32 1525.36+168.45 1589.25+175.62
ZH 170.89+65.42 200.00472.35 260.26+85.48 336.114+92.56
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&gk3
Ei=tan Fif I RfEH (n=12) a4 (n=28) Ffad (n=32) REEA (n=14)
VAT R 7.85+1.02 6.95+1.12 6.12+1.05 5.25+0.98
FMD (%) RITE 8.95+1.15 9.05+1.22 9.12+1.28 9.25+1.35
#(H 1.104+0.42 2.10+0.68 3.00+0.85 4.00+1.02

TE: CIMT S lik N JRIREE s baPWV B BRI 00 f Sl BE 5 FMID I e AL S D RE

0.579, P=0.002 ) K = &9 ( =0.318, 95%CI:
0.089~0.547, P=0.008) 42 CIMT PRy 7 500

HZ, WBIFIRBZ, CIMT [FEGEE i, 344k SBP
i R, CERIREEEDN (R 4),

R4 CIMT EUHMEZHZTLER TN

AR B SE B t P 95%CI

gl 0.825 0.256 3.223 0.002 0.316~1.334

A 0.002 0.003 0.056 0.667 0.506 -0.004~0.008

5] 0.015 0.018 0.065 0.833 0.407 -0.021~0.051

BMI 0.004 0.005 0.085 0.800 0.426 -0.006~0.014

TR I S R 0.008 0.003 0.318 2.667 0.008 0.002~0.014
Lk SBP 0.006 0.002 0.352 3.000 0.002 0.002~0.010

LR DBP 0.003 0.003 0.102 1.000 0.320 -0.003~0.009

TC 0.012 0.018 0.069 0.667 0.506 -0.024~0.048
PR EECP 3697 IREL -0.028 0.004 —0.486 ~7.000 0.001 ~0.036~-0.020

e BMIHIRERSEL; SBP MU4ik; DBP BTk ; TC h SRR ; EECP HERBASN I,

25 REMITEMN

JYREEE ARG B AL IR TIRE . BEimTIRE
Rl B EIAR W5 o AR RN 3 6] (3.5% ) %%
T FEBE ., 5 B (5.8% ) MUBARIIIESE (visual
analogue scale, VAS) PF5r<<3 70 gk & 2 1)
(2.3%) —ibthska, Yoimad mas <l s
WEJG AT M R R A DR | AR %E
SAEE RS  RAR S REKAPETR 100%, IE
S EECP % 4= 37 o
3 g

TE AS BRI, BIIG PRI BE, 1A 484 A
e S A SR AR, (HE H A T AR, %
BRSO I A4S = R OGS . SN AS
EEfERHZE, KIMET RS E R,
HAS &R

AR LW, St EECP iBY7)R, Wil
BEMZA SCA 8PS 2] TR IRYT IR 3 CIMT
SRR 0.11 mm, FFIEIL 12.4%, baPWV X%
1% 264 em/s, [ 15.6%, AASI A% 0.09, &H] EECP
A BTGz 5L i S RRE G S, e sl kv
DI E sk AR B . X RS EECP 4 i 55
YINE 1A 5, FREELay VI 77 T Re S i 48 o B2
Y — A A GRS, (e —F LA (nitric oxide,

NO) B4 A SR, 1 NO 38 3] /M R
8 ST VAN RIERE e JRE N, KA AS FEFT™S
F;, ARWF5EER, EECP IGITIREE FMD 1
5 2.34%, 4R 35.6%, JRY7)E ABL FHE 0.07, &
TN N B2 DIREVR A3 T A AR L 8h 12 55 .
XARES EECP 7= A i R BT U1 1 3 o Bz 4
B NO I 22 -1 (endothelin-1, ET-1)
A3, DT I AT 4 g™

AT BN, O A KBS B R i R, EECP
RIT TP IR IRIR S 2 . R SRR a4 A
CIMT, baPWV F1 FMD i35 2 K Tk fadl
B XK EECP X AS AR AL | O M4 KU
BRI RS T RE A AP A A R RICR . IR
T Ve FLAIRIT ARt R 2 S . Zondkm g
SAHTUESE, SEPR EECP JRYTIREUR: CIMT M8 A ik
HMAEF ( B =-0.486 ), EAT I A BRI A5
RN RR, SERMET R R IR s . W]
i, F4k SBP ) AR KR CIMT S BHAT R &R
PRI TFRERE . MEVATEE MR, nRET EL4E
K EECP J7 Rt & HAb A S IG 7 LIS I FEAR
R AT, A 10.5% 0 B IR OR B
HfF, H¥A AR, REA T E O R U
FHF, FREUET EECP /ERJCa] 1 FBHAYIG IR
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zi FRTiA, EECP A8 R0NE & il A5 SCA,

VARSI Dk AR BEIFIL AL N B DRE, et RAr. L
ToBI 22 AR A R R Y AR T B
T SE: 7 KUK BB o EECP SRR S8 MUIAY IR BRI 7%
AOSCHEIA R, U PR S e b A A TR T R
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