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Effects of electroacupuncture guided by the vessel-collateral theory on short-term ventricular

remodeling following STEMI-PCI surgery: a randomized controlled clinical study

WU Shuang', XIA Ming-hui', ZHANG Hong-ru”, JIANG Wen® ('Department of Acupuncture and Moxibustion, Affiliated
Hospital of Nantong University, Nantong 226001, Jiangsu Province, China; *School of Chinese Medicine/School of
Integrated Traditional and Western Medicine, Nanjing University of Chinese Medicine, Nanjing 210023; °*Nantong Hospital
Affiliated to Nanjing University of Chinese Medicine, Nantong 226001, Jiangsu Province)

[ABSTRACT] Objective Based on the vessel-collateral theory, “gi deficiency and blood stasis leading to
collateral obstruction and accumulation”, electroacupuncture was delivered in patients with ventricular remodeling after
percutaneous coronary intervention (PCIl) for acute ST-segment elevation myocardial infarction (STEMI) , and the
clinical efficacy was evaluated. Methods A prospective randomized controlled design was adopted. Eighty patients
with cardiac insufficiency after STEMI-PCI (gi deficiency and blood stasis) were enrolled and randomly assigned to a
control group (40 cases, with 2 cases dropped out) and an electroacupuncture group (40 cases, with 2 cases dropped
out). In the control group, the standardized western medication was administered. In the electroacupuncture group, on

the basis of the regimen as the control group, electroacupuncture was operated at Neiguan (PC6), Danzhong (CV17),
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Shenmen (HT7), Qihai (CV6), Xuehai (SP10) and Zusanli (ST36) with dense-disperse wave, at a frequency of 2 Hz/
100 Hz, 30 min per session, once every other day, for 8 consecutive weeks. Three-dimensional speckle tracking
echocardiography was used to detect cardiac function indicators: left ventricular ejection fraction (LVEF) and global
longitudinal strain (GLS) , and cardiac structural indicators: left ventricular end-diastolic volume (LVEDV) and left
ventricular end-systolic volume (LVESV) in both groups before and after treatment. ELISA was used to detect the
serum levels of cardiac fibrosis markers: soluble suppression of tumorigenicity 2 (sST2) and galectin-3 (Gal-3) ;
immunoturbidimetry was used to detect the heart failure marker: N-terminal pro-B-type natriuretic peptide (NT-proBNP).
Changes in traditional Chinese medicine (TCM) syndrome scores were compared and the safety was evaluated in the
two groups. Results Compared with the control group, the electroacupuncture group showed the increase in LVEF
and absolute value of GLS (P<0.01, P<0.001) and the decrease in LVEDV and LVESV (P<0.01, P<0.001) after
treatment; serum fibrosis markers (sST2, Gal-3) levels were reduced (P<0.05, P<0.01), the serum heart failure
marker (NT-proBNP) level was decreased (P<0.001), and the scores of TCM symptoms were improved (P<0.01, P<
0.001). Gompared with before treatment, both groups showed improvement (P<0.001) in the above indicators after
treatment. No serious adverse event was reported. Conclusion Electroacupuncture may conduce to ameliorating

cardiac functions and ventricular remodeling indicators in patients after STEMI-PCI, which is probably related to the

modulation of cardiac fibrosis markers in serum.
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Scoring criteria for traditional Chinese medicine syndrome
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Table2 Comparison of baselines between the two groups of patients with short-term ventricular remodeling after STEMI-PCI
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Table 3 Comparison of LVEF and GLS between the two groups of patients with short-term ventricular remodeling after

STEMI-PCI before and after treatment (x£s,%)
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Table 4 Comparison of serum NT-proBNP contents
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Table 5 Comparison of LVEDV and LVESYV between the two groups of patients with short-term ventricular remodeling

after STEMI-PCI before and after treatment (x+s,mL)
LVEDV LVESV
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Table 6 Comparison of serum sST2 and Gal-3 contents between the two groups of patients with short-term ventricular

remodeling after STEMI-PCI before and after treatment (z+s,ng/mL)
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HIRYT G A, *P<C0.05,#P<C0.01,
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Table 7 Comparison of traditional Chinese medicine syndrome scores between the two groups of patients with short-

term ventricular remodeling after STEMI-PCI before and after treatment

(M[P155P75:| y points)

Wit UL =)
a5 b

T i T BT i TR AT TR

Xof M 2 38 2(1,3) 1(1,2)™ 2(2,3) 1(1,2)™ 2(1,2) 1(1,2)™
HLEH 2 38 2(2,3) 1(0,2)"" 2(2,3) 1(0, 1) 2(1.75,2) 1€0, 1)

P f1¥F R e T BB

B i WP WTE WTE T WTR T il TR
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H:STEMI-PCI Ry &t ST Bt 6 15 ALO U B8 28 B2 5tk 3 Bk A AR T o S AR YT i th A, " P<C0.001 ; 5 X} BRALIR 97 5

Hd, ¥ P<<0.01,"P<C0.001,
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R8 WAHASTEMI-PCIREEMOEENRERIBINA
FELMERREGHILER [B1(%)]
Table 8 Comparison of major adverse cardiovascular
events between the two groups of patients with short-
term ventricular remodeling after STEMI-PCI followed

up for 3 months (cases [%])

DGR CED BRSO

/B ¥ A
AP e wsew mamE wm O
X B4l 38 2(5.3) 1(2.6) 0(0) 0(0) 3(7.9)
T 2H 38 1(2.6) 1(2.6) 0(0) 0(0) 2(5.3)
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UORLE IE AH OG5 Gal-3 W 2 5 5 1 2F 4 40 i 0%
b BB B I I A e s AE ST R, HL R 4 AR A Il
1 sST2 F Gal-3 7K 14 T B I FE KT %8 B2, 4R
FL T 10 AT BE O ILZT 4 Ak e B AR EL A T A ()
BRI R o 2 4 2R R Ik 2% 2 U b B < AR i
BRI T WM T AW F LR B A
Y REAS it B U5 B B ML 58 E A R AT T £
B G PR B 52 56 AR 5% TF 52 IR 2R OC & T ) B EL A AR
FHBL
3.4 RS R E A B A AR B BRI TR R

STEMI-PCIAR Ji5 [ # 5% & M o] 04 .= )
A S R A A R R I I A R B
AW GE 25 5 o, B BT AL AE TP B E AR AL 1 o
T 5 P O R $ o H R T HUT R R BR 0 I
Jai F PR, 1T BB R BB B HILAA S AR B RE G R T
XFP T FURE AR BT R AN T AR R S A R
BT RS A B Tk — IR R E AR AT
T 5 A AR
3.5 HEMBIT I E e

TI]RGO R B R R R |
I SRR AT AN R o 2 A M W I,
4S8 0 AR A R AE B S5 & 48 b CIfi % S )
fig B I T AR ) B AR RS R W EAT IR R X &
WU Sh. BV 3 H N R MACE &4 R 1
2 S TG 238 S, F AR I I % 0 s T T



914

Acupuncture Research, Jul. 2026,Vol. 51,No. 7

7 S HA BRI R 4 4k
3.6 BT R FR1E

AW GEAETE LL T R B« (1) A HF 58 K B vt 71
FEARBE T, 25 B0 S 22 21— BRI, FLME L) i
WA A3 (O AXBETE T 34 H = Xt B
MACE & 4= # J A A 0 K B U5 5 (3) A B 58X
R 7 I 3 AR AR A, B = 4L S0 B AR AR SR
P %) T A 45 sST 2/ Gal-3 iy ELAK 43 138 % i
J5 BB SR RS 5 (4) |1 T B R 9T YRR K
PE A6 AR R A S0 B L N RE o8 4 HE R R
RN ) T4 o

Zi LR T K4 2 UL Ae S i AT IR IR A
RV ZG YT, il i — 2 8 STEMI-PCIAR 5 X
JE I8 IE 26 3 1400 IE 25 40 550 Ty B, B AR O LT 4k
febr B WK, G2 f s R AR o AL AT B 5w %
DL A X
FIFE ST A 1R & R E R 25 W

S % Lk

[1] LIU Y, LI L, WANG Z, et al. Myocardial ischemia-
reperfusion injury; Molecular mechanisms and prevention[J].
Microvasc Res, 2023, 149: 104565.

(2] BRE, BUag, BOHCnS , 45 O URESE i AR 2L X STEMIE #F

ARG A O FE TR LT]. A0 R 4 & , 2025,
53(6): 653-660.
CHEN S, A X, ZHAO Y Q, et al. The impact of myocardial
infarct size dynamics on left ventricular remodeling in STEMI
patients after primary percutaneous coronary intervention (in
Chinese) [J]. Chinese Journal of Cardiology, 2025, 53(6) :
653-660.

[3] EHE, WmdE, JTEW, & LTI = DR S 2tk o
T BE J5 O WLET 4 Al v B3 L B2 e PR YA 7 R0 (7] o [l 52
FEE A, 2021, 27(12) : 189-195.

WANG K, CHANG L P, YIN Y J, et al. Collaterals
doctrine guided investigation into traditional Chinese medicine
pathogenesis and clinical treatment of myocardial fibrosis
following acute myocardial infarction (in Chinese) [J].
Chinese Journal of Traditional Medical
Formulae, 2021, 27(12): 189-195.

(4] Xos—, gk, AEUbTs . JE T IHAA 3 H 0 7 Bl i
Frn gy g (1], b E 98 7 ) 2k 2k, 2026, 32(3)
239-250.

LIU Z Y, ZHANG Y, CUI H Y. Differentiation and

Experimental

treatment of chronic heart failure based on theory of “harmony
when conforming to ¢i and illness when going against ¢i” (in
Chinese) [J].
Medical Formulae, 2026, 32(3): 239-250.

[5] W, Fads, Wik, % 3PN B F Ik BHe I 3
A AL 2 7 36 O JIL R L T B R AR LRI [T ] A

Chinese Journal of Experimental Traditional

[9]

[10]

[11]

[12]

BT A2k, 2024, 30(23) : 27-34.

PENG H, XIN G J, CAO C, et al. Mechanism of prevention
and treatment of myocardial ischemia-reperfusion injury by gi-
replenishing and blood-activating Chinese medicines based on
theory of ¢i and blood interacting in vessels (in Chinese) [J].
Chinese Journal of Experimental Traditional Medical
Formulae, 2024, 30(23): 27-34.

WS, ARG, B, SR T R 0T R R s —
B A i 7L 2 A5 R A o T 2 T TR g (0], B ME R 2%
i, 2018, 17(7) : 649-653, 666.

CHANG L P, LIL J, WEI C, et al. PCA based mathematic
model construction and collateral dredging intervention of
“tertiary collaterals microvessel” lesions (in Chinese) [J].
Chinese Journal of Difficult and Complicated Cases, 2018, 17
(7): 649-653, 666.

X, 2SO LB S B O DL - 1 R T 5 B BT 5
(7). M HER B2k, 2023, 32(5) : 487-491.

LIU C, LI W Z. Research progress of acupuncture prevention
and treatment of myocardial ischemia-reperfusion injury (in
Chinese) [J]. Chinese Journal of Cardiovascular Rehabilitation
Medicine, 2023, 32(5): 487-491.

ol , OB, 428 K, AF L HUERTRAL BB VA O UL B U T
P A5 003 0 F 7 0 R [T ). BRAC R P B 2 A, 2025, 34
(12): 1714-1719.

HCY,ZHAOY W, LIH Y, et al. Research progression on
the prevention and treatment of myocardial ischemia
reperfusion injury with pretreatment of electroacupuncture (in
Chinese) [J].
Chinese and Western Medicine, 2025, 34(12): 1714-1719.
PR, A, BRAS , A5 OBUIE — i 7 H B AL 35X L Gk
PR A 45 R O BRI A T R LR A S LT ] e
SERBEE 2R, 2023, 29(9) : 1468-1473.

CHEN J, HAN Y L, CHEN S, et al. Study on the

Modern Journal of Integrated Traditional

mechanism  of  “Shuanggu  Yitong” electroacupuncture
preconditioning on cell apoptosis in a rat model of myocardial
ischemia reperfusion injury (in Chinese) [J]. Journal of Basic
Chinese Medicine, 2023, 29(9): 1468-1473.

o5, AR, AR, A B Rl R R R AR A T A
UL A IR R i e S (D). B0 58, 2025, 50(10) .
1194-1198.

HAN F, ZHOU T T, ZUO ] X, et al. Common problems
and solutions in sample size estimation of acupuncture clinical
trials (in Chinese) [J].
(10): 1194-1198.
AR R 2 2D U 2 g 2, P ARG L 2 A 2R
23 Ak ST B 240 UK A€ 12 W ALG 97 95 19 (2019) [T].
AR I 9 2% A L 2019, 47(10) : 766-783.

Chinese Society of Cardiology, Editorial Board of Chinese

Acupuncture Research, 2025, 50

Journal of Cardiology. Guidelines for the diagnosis and
management of patients with acute ST-segment elevation in
myocardial infarction(2019) (in Chinese)[J]. Chinese Journal
of Cardiology, 2019, 47(10): 766-783.

PR A 2O MV 00 2 A A D I A 21, o B 0 2



Bt BT 5

202647 H B51E ETH

915

[13]

[14]

O LA BRI 43 23 LR B 36 ol 22 51 2%, v AR I 555 2%
AR D2 [ 28 B AR B kA AR YT R R (2016) [T ],
T A 2, 2016, 44(5) @ 382-400.

Interventional

Cardiology Group of Chinese Society of

Cardiology,  Thrombosis  Prevention and  Treatment
Committee of the Cardiovascular Internal Medicine Physicians
Branch of the Chinese Medical Doctor Association, Editorial
Board of Chinese Journal of Cardiology. China guidelines for
percutaneous coronary intervention (2016) (in Chinese) [J].
Chinese Journal of Cardiology, 2016, 44(5) : 382-400.

R B v 2550 24 PRV T4 S s (slA7) [M]L AE st . I
B 2GR At , 2002 68-73,77-85.

ZHENG X Y. Guiding principles for clinical research of new
traditional Chinese drugs (trial, in Chinese) [M]. Beijing:
China Medical Science Press, 2002. 68-73,77-85.

BB, PRATEL, s, A AR 5O R I 2
Wr AR E B SE O (D], op [ Py R 45 5 Ak, 2013, 33(8) ¢
1036-1041.

XI R X, CHEN K J, SHI D Z, et al. Diagnostic standard
evaluation of Chinese medicine syndrome for coronary heart
disease patients after percutaneous coronary intervention (in
Chinese) [J]. Chinese Journal of Integrated Traditional and
Western Medicine, 2013, 33(8): 1036-1041.

R, BB AR IML dbat AR TR AL, 2021.
ZHAO J P, LI Y. Acupuncturology (in Chinese) [M].
Beijing: People’s Medical Publishing House,, 2021.

B . PISK/AKT I 45 P 3¢ 1] 57 e 90t JL 85 ot P78 4
3 )5 0 LT 4 AL B 52 i R B 45 T B2 (D] A 5« ]
e g R, 2023.

WEI Y R. Effect of PI3K/AKT regulation on endothelial
interstitial transdifferentiation in myocardial fibrosis after

myocardial ischemia-reperfusion injury and study on Tongluo

[17]

[18]

[19]

intervention (in Chinese) [D]. Shijiazhuang: Hebei University
of Chinese Medicine, 2023.

SANTOS JUNIOR O R, DA COSTA ROCHA M O,
RODRIGUES DE ALMEIDA F, et al. Speckle tracking
echocardiographic deformation indices in Chagas and idiopathic
dilated cardiomyopathy:
longitudinal strain[ J]. PLoS One, 2019, 14(8): e0221028.

incremental prognostic value of

TANAKA H. Utility of strain imaging in conjunction with
heart failure stage classification for heart failure patient
management[ J]. J Echocardiogr, 2019, 17(1): 17-24.
ZHUANG Y, ZHOU J, ZHOU Y M, et al. Influence of
acupuncture on microcirculation perfusion of pericardium
meridian and heart in acute myocardial ischemia model rats[J].
Chin J Integr Med, 2022, 28(1): 69-75.

FEX, FIC, THENE, A A B XO LB i K R
DAL AMYIRERY R T ], #HRI0ESE, 2024, 49(1): 6-14.
WU S, JIANG W, DING Y P, et al. Effect of
electroacupuncture on ventricular structure and function in rats
with myocardial ischemia-reperfusion injury (in Chinese) [J].
Acupuncture Research, 2024, 49(1): 6-14.

JANUZZI J L. ST2 as a cardiovascular risk biomarker: from
the bench to the bedside[J]. J Cardiovasc Transl Res, 2013, 6
(4): 493-500.

MARTINEZ-MARTINEZ E, CALVIER L,
FERNANDEZ-CELIS A, et al. Galectin-3 blockade inhibits
fibrosis  in  experimental

cardiac  inflammation  and

hyperaldosteronism and hypertension [J]. Hypertension,

2015, 66(4): 767-775.

Wk H 91 :2025-11-16 & 1A H #]:2025-12-21
2% 1 k& :2026-03-09 i - A%



