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Abstract

Objective: This study aimed to investigate the clinical value of impedance cardiography (ICG) in
evaluating the efficacy of enhanced external counterpulsation (EECP) in the treatment of coronary
heart disease (CHD), to clarify the effects of EECP on cardiac pump function and cardiac load, and to
verify the feasibility of ICG as a non-invasive assessment tool. Methods: From December 2023 to July
2024, 352 patients with coronary heart disease admitted to the Department of Cardiology, The Affili-
ated Hospital of Qingdao University were enrolled and randomly assigned to control and experi-
mental groups, with 176 cases in each group. The control group received conventional drug therapy,
while the experimental group was treated with EECP in addition to routine medication. Before and
after treatment, SV, CO, CI, SVRI and LVEDP were detected by ICG, and the 6-minute walk test was
conducted to record walking distance, immediate post-exercise heart rate and Borg fatigue score.
The primary outcome was the change in CI, and secondary outcomes included SV, CO, SVRI, LVEDP
and 6MWT-related indicators. Statistical analysis was performed using SPSS 27.0. Results: A total of
80 patients were lost to follow-up during the study. Finally, 150 patients in the experimental group
and 122 patients in the control group were included in the statistical analysis. (1) Baseline charac-
teristics: There were no statistically significant differences between the two groups in age, gender,
BM], proportions of hypertension and diabetes history, baseline ICG parameters, or 6MWT indica-
tors (all P > 0.05), indicating balanced and comparable baselines. (2) Changes in primary outcome:
After treatment, CI increased significantly in both groups (all P < 0.001). The net increase in CI in
the experimental group was (0.642 * 0.378) L/min/m?, which was significantly higher than (0.221
% 0.299) L/min/m?2 in the control group (P < 0.001). (3) Changes in secondary outcomes: After treat-
ment, the experimental group showed significantly greater increases in SV and CO, as well as greater
decreases in SVRI and LVEDP, compared with the control group (all P < 0.001). The 6MWT results
revealed that the net increase in walking distance in the experimental group was significantly
higher than that in the control group; the reductions in Borg fatigue score and immediate post-ex-
ercise heart rate were also significantly superior in the experimental group (all P < 0.01). (4) Cor-
relation of indicators: Pearson correlation analysis showed that the improvement in CI was strongly
positively correlated with increases in SV and CO, and negatively correlated with decreases in SVRI
and LVEDP. The improvement in 6MWT distance was significantly correlated with increases in CI,
SV, CO and the decrease in SVRI. Conclusions: Conventional medication combined with EECP can
significantly improve cardiac pumping function, reduce peripheral vascular resistance and left ven-
tricular diastolic load, and enhance exercise tolerance in patients with coronary heart disease, and
the efficacy is significantly better than that of conventional medication alone. Impedance cardiog-
raphy enables non-invasive, real-time and quantitative monitoring of hemodynamic changes before
and after EECP treatment, with stable indicators and strong correlations. It can be used as a reliable
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monitoring tool for evaluating the therapeutic effect of EECP on coronary heart disease and has im-
portant clinical promotion value.
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WIBYT . SRTfT, 41T EECP J7 RCUFAL 2 M0 SORARIR[S ] (N0 UM RAESR) . e iRBIKIE [ 6] K
R OB [ 7 F R AR VAN T R AAEVEAN A S . MR RIEIR S S BIRALEA .
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2.1. #fIzIHR
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1. BEREPTIL/MRIATT: FIFIVCAK 100 mg qd, AT K HIGERE; ST 75 mgqd, e 20801
Y > 12 H, PCLARJGRELLXUBRPT M /MIE 12 AN H L.

2. WIRRREREHUGYT . BTHEAAYT 20 mg qn B EFAARTT 10 mgqn, HA% LDL-C < 1.8 mmol/L, A
IEARER A KT 2

3. HHLOALER: FEIEIRIRER T 23.75~47.5 mg qd, B E OB H] 55~65 IR/

4, PrONLBR L : ARER LB ER SR A 40 mg qd, O SR A VERE TR A AR ER HH i -

5. B IFE: MLk AR <130/80 mmHg, 2 ZUHEIRIE S M IMKE <7.0 mmol/L. LML EH <7.0%.
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s H 2 BMOLOMERITE SR ZMZATE S, WS 58, SEHY, P F 2R 1%
PARHEAC R IAT, Pl BN SE AR ], ORIETS SR YT = BT oI A i o
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2.4. E/IEFR

AW LS Rtabr B 1 CLAML, ESS Rl NEE K SV, CO. SVR. LVEDP 424} 6 73
PODATHRE . Borg 55 1F . WIS B ZI0 A

2.5. G FEAE

SKH SPSS 27.0 BAF#EAT SR 70 #r . 1HRE BRI YEK A Shapiro-Wilk #8456 H 77 E/QQ KAl A
FFEESMES, DI + brfEZE(x +s)&m: BRI DB (E 7 bR . IR LR, &5
BERFBSIAEA ¢ k050, THEBTRERA 2 K8 . 45 RaRbait 7T il ) LUECR FECA ¢ kege, 2R 1A Lh ek
MSLFEAR A5 WSS, P <0.05 AZEFAEGHE L AR Pearson AH XM HT. A
BF 58 32 B4 JR N B — 4B AR (C), XSS R BAE Z DU S) /17 Sizshidiefetr, (HE R, H
EARPR B A WA AR B2 O, WORXTIREL S R AT 2 BB IE: G2 RRIE T 7T, KA
Bonferroni {£8¢ FDR yA3EHI 12545 1% .

3. 58
ARSI GE Ok R 352 19, RIGZH 5 26 B, XHIRZHLZRT 54 B A& 5ERIGIT SR IE4h
NG B 3L 272 4, BG4 150 ], SFRB4H 122 4,

3.1. ELFHERELER

PR R T — M AR BTk O BB EI(ICG)AH K ML B ) 4845 f 6 3 BB ATEE RS . Borg 57 VE 7
IG5 BRI Z R LA 5 22 1. PHALAERS . PRSI, BMI. 75 M F2RE FR % S Bl . J548 1CG F8AR(SV,
CO, CI, SVRI, LVEDP). 6MWT #8+r(E4TEER] . Borg iF7r. B LR LS # 2P > 0.05), 3
LIMAI L .

3.2. XELR/IRF: DEEEHRCDIHEL

O EFRF(CMAR G DL Ve L% 2. P4 CT ¥BIRIT AT EZ THR(P < 0.001). RIGHIGITHT CI
(2.539 £ 0.237) L/min/m?, 6975 (3.181 + 0.395) L/min/m?, {$1#(0.642 + 0.378) L/min/m?; XfH&ZH 597 Al
(2.537 £0.214) L/min/m?, &J7 J5(2.757 +£0.329) L/min/m?, {$14(0.221 +0.299) L/min/m?. X564 CI 3%
M 8 35 25 v 5 B ZH (e = 10.013, P < 0.001).

DOI: 10.12677/acm.2026.1662256 595 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662256

HGEIR 45

Table 1. Comparison of baseline characteristics between the two groups

1. FERE BRI

R 2 (n = 150) X (n = 122) giitE I

FEW(D) 61.03 +£5.771 59.92 £ 6.179 t=1.536 0.126
BMI (kg/m?) 25.90 + 0.249 25.568 + 0.301 t=0.627 0.531
B n(%)] 111 [74%)] 89 [73%] 22 =0.038 0.845

7R 1M1 [n(%)] 83 [55.3%)] 70 [57.4%) #=0.114 0.735
B PRI [n(%)] 67 [44.7%) 55 [45.1%) 22 =0.005 0.945
SV (ml) 64.539 + 4.320 64366 +4.118 t=0.337 0.737

CO (L/min) 4363 +0.472 4.285 +0.5530 t=1.266 0.207
CI (L/min/m?) 2.539+0.237 2.537+0.214 t=0.100 0.921
SVRI (dyn's-cm™) 1768.871 + 599.449 1736.237 + 505.800 t=0.478 0.633
LVEDP (mmHg) 17.924 +3.222 18.034 + 3.033 t=0.287 0.775
547 P B (m) 326.58 +45.27 324.89 + 43.65 t=0.32 0.749
Borg ¥4 (4)) 6.82+1.05 6.75+1.12 t=0.48 0.631
RIZ.Co 3 (IR/53) 115.36 + 10.25 114.89 +9.87 t=0.38 0.704

Table 2. Comparison of cardiac index changes before and after treatment between the two groups (L/min/m?, X s )

2. FHBEIETTRIROEERTHEER(L/min/m?, Xt5)

251 n RITHT RITE A AE HANIRITHTE L
RIGAH 150 2.539 +0.237 3.181 +0.395 0.642 £ 0.378 t=20.783, P <0.01
Xt 2 122 2.537+0.214 2.757 £ 0.329 0.221 +0.299 t=8.152, P <0.01

t=0.1,P=0.921 t=9.478, P <0.01 t=10.013, P <0.01

3.3. RELBIEFE: SV. CO. SVR. LVEDP 134

P A 1R YT TG D IR IR DI e FEAR(SV, CO) S0 i 5 fif 48 A7 (SVRI, LVEDP) BN A AT L3 3.
GBI IR, PiZH SV. CO SIBAITRT 2 THE( P < 0.001), RIS ZHIRTHIE AR B0 T4 . e
SV H(64.539 +4.320) ml F+ %2(77.254 +5.699) ml, {$34(12.714+2.326) ml; X H8ZH SV Hi(64.366+4.118)
ml TF4(69.622 + 5.954) ml, {#14(5.272 + 4.352) ml, ZLIAFA A0 2 5 B2 (t = 18.003, P < 0.001). iz
3640 CO H1(4.363 + 0.472) L/min F+%(5.616 + 0.740) L/min, $14(1.253 £ 0.860) L/min; Xf 841 CO H
(4.286 + 0.530) L/min F+ % (4.631 + 0.314) L/min, $31(0.299 + 0.371) L/min, #[AF B EHZE T BE (=
11.404, P < 0.001).

1BITJE, Wigl SVRI. LVEDP ¥JHRIGIT R R ZE RGN P<0.001), {584 T FRlE R R KT 4.
R ZH SVRI HH(1768.871 + 599.449) dyn's-em > P& % (1400.366 + 467.241) dyn-s-em™>, {F#(368.505 +
158.570) dyn-s-em™®;  SFHEZH SVRI H1(1736.237 £ 505.800) dyn-s-cm 5 [ 25 (1619.858 + 439.966) dyn's-cm 3,
1§ 1%(116.380+ 119.766) dyn-s-cm >, A [A11AE A0H 72 57 2 3 (t=14.513, P < 0.001) . ik % 41 LVEDP Hi(17.924
+3.222) mmHg P& %5(13.451 +2.452) mmHg, {$/%(4.474+0.849) mmHg; XIEZ LVEDP H1(18.034+3.033)
mmHg F4%(16.621 + 3.284) mmHg, {§F#(1.413 + 0.409) mmHg, Z[AFAR01E % 5F 8 F(t = 36.519, P <
0.001).
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Table 3. Comparison of changes in impedance cardiography parameters before and after treatment between the two groups
(xts)
3. MEREOHENESEATRIRERER(X £5)

HPIRITHT ARA(EALIR
J b A te#

t=66948 t=18.003
P<0.01 P<0.01

453 n BT HT R R AL L

SV (ml) I 150 64.539 +£4.320 77.254 + 5.699 12.714 £ 2.326

t=13.386

XPHRAE 122 64.366 +4.119 69.622 + 5.954 5.272 £4.352 P <001

t=17.849 t=11.404

i i W é
CO (L/min) R&G4H 150 4.363 +0.472 5.616 + 0.740 1.253 + 0.860 P <001 P <00l
t=11.853
SPRRZH 122 4.286 + 0.530 4.631+0314 0.299 +0.371
P <0.01
SVR t=28.462 t=14.513

R
I 150 1768.871 +599.498 1400.366 +467.241 368.505 + 158.570 P <001 P <001

(dyn's-em™)
t=10.733

XA 122 1736.237 +505.800 1619.858 +439.966 116.380 + 119.766 P <001

LVEDP t=64.553 t=36.519
%4
(mmHg) I 150 17.924+3.221 13.451 +2.452 4.474 +0.849 P00l P00l

t=38.183

o HE 4
SRR 122 18.034 + 3.033 16.621 +3.284 1.413 +0.409 P <001

3.4. BIEHEREEBXMES

X2 R VR YT 5 O BT EI (1CG) & S BB AT Pearson AHICHE /04T, &5 1E ML 4. Pearson A%
PE AT 7R, ICG S FEhR R IHAFAE R E A RME(IY P <0.01). CIAALYE SV, CO AL B HRIEA K (r =
0.722,0.862), L SVRI. LVEDP 224k 2 & 2 51 A 5¢(r = —0.783, —0.327).

Table 4. Correlation matrix of changes in impedance cardiography parameters (Pearson r)

5 4. LEMES BT LA X MEERE (Pearson 1)

SV Az 4k, CO %tk CI %1, SVR A2, LVEDP A1k
SV 454k, 1 0.669 0.722 -0.759 —0.667
CO 7#fk 0.669 1 0.862 -0.797 -0.307
CI %4k 0.722 0.862 1 -0.783 -0.327
SVR 21k —0.759 -0.797 -0.783 1 0.458
LVEDP 484t —0.667 -0.307 -0.327 0.458 1

3.5. FEBENDHSITIRIE(OMWT)IEFRER

w5, Wy 3 G, M4 6 e P ATIEE B K, Borg 1P 5ig s 5 B 202 5 B B K3 P
<0.01), WRIGHSCER TXHA. WG4 6 73817 2 H1(326.58 £45.27) m 1 5% (468.35+£52.69) m,
H4(141.77 +£38.52) m;  XJHEZH HH(324.89 £43.65) m 3 43(385.62 £ 48.31) m, §#14(60.73+£32.18) m, #l[A]%
FEE(=20.57,P<0.01). R4 Borg P45 H1(6.82 £ 1.05) 73 FE(3.15 £ 0.82) %, 1#F4(3.67 £ 0.98)7;
SRR H(6.75 £ 1.12) 43 F#Z(5.02 £ 0.95)5, 1% F4(1.73 £ 0.86)4), ZH[A| %7 8 #(t = 20.15, P <0.01). ik
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I ENZ O (115.36 + 10.25)IK /53 45 45(92.58 + 8.63)%/45, 1#F4(22.78 £ 7.12)1%/4y: *HELH H1(114.89
+ 9. 87)R/4YBEZ(105.62 £ 9.15)%/4Y, 158B&#(9.27 £ 6.35)%/4y, #IAIZEREFH(t=15.69,P<0.01).

Table 5. Comparison of changes in 6-minute walk test indicators before and after treatment between the two groups (X £ )

F 5. MEARERTTAIE 6 DHPITIRIEIERENER (X £5)

m S ; BRI
wy n Tl T AR AP E%ﬁi”
o RERML 150 32658 +£4527  468.35+52.69  141.77+38.52 tp=<4(5),(2)?,
ATHE : t=20.57,
(m) t=18.95 P <0.01
SR 122 324.89+43.65  385.62 +48.31 60.73 £32.18 P <001
\ wiedl 150 6.82 + 1.05 3.15+0.82 3.67+0.98 t;jg'g?’
Borg 1753 : t=20.15,
) t=22.58 P <0.01
IR Y 2%,
MR 122 6.75+ 1.12 5.02 +0.95 1.73 £ 0.86 P <001
, t=30.26,
RIGE 150 115.36 + 10.25 92.58 + 8.63 2278 £7.12
B %0026 P<o0.01 t=15.69,
(/1) t=10.85 P <0.01
R 122 114.89 +9.87 105.62 £9.15 9.27 +6.35 P<0’01’

3.6. 6 T SITIHEERENES FHEXEFENEXE L

Kb 6 3t b AT B B I S MR SN Sy 248 hn . 3B S SIEo AR A I B HE4T Pearson A 140 #T
g RN S TR AEEA FIRE P 2R PESCE, BAR LR 6. 6 /B bATRE B A S CI. SV, CO 1Y
B 2B IEAEE; 6 48T FE B {5 SVRI. LVEDP % K 225 A, AN, 6 35T
FPH B Y 8 04 508 5 BI %1 Borg I8 55 P04 T FRAH 2R A < .

Table 6. Correlation analysis table of the net increase in 6-minute walking distance and related indicators

6. 6 FMBITERFEMES SHEXIERNBEX M SR
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