Advances in Clinical Medicine Ifi/REE2£3E /&, 2025, 15(10), 1926-1932 Hans XM
Published Online October 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15102964

FZolMFEDF LIRS LR ENE
FHWLEN—BMESEXE

2 ¥, REHF, @, FHA, R K, B, F£E, 5, Auafyl,
" 5

IS ARER RO MR EERE, LA M

PR ERI R A M B AL R AR E R, b

Weks H . 20254F9H21H; FHHM: 2025/F10H14H; KA HH: 2025410 20H

HE

HH: PPAETCA) R 2 2 MBE SRR 3) 77 X (R AT YECO-A03) 1L fE R (K R Affiniti 70FIEPIQ
7c, S5-1#R3k, #i%1.3~2.6/1.6~3.2 MHz)frilll4#45i i & (stroke volume, SV) K — B S5, 77
% R RAEE S R 22 M GTEERT 8565 O L B Bm B AT SVI R . 5 ZHFE S B B2 2T,
U 346 B 75 AL W 5 B ) — B R B AT L T . SR MRSV (US_SV) 5 FIZB ZHE L iESY
(YECO_SV)IZR A5 FEH: US_SV = 0.88 x YECO_SV + 8.69 (R? = 0.51). E¥H 4 HHE]0.7%,
—B P4 FR{E (limits of agreement, LoA)’4-19.5 mLE18.0 mL, £ K& 4 HiR% (maximal percentage
error, MPE)’426.8%. %18 {UF# A —4Simpsonik 5 [ L RABEIINBRISVES S35, £k
PRISZF A ] EAR AR .

XK ia
BEmMLE, LMK %, OUEAE, FP2EY) R Eb

The Consistency and Correlation of Stroke
Volume Measurements between
Noninvasive Hemodynamic and Cardiac
Monitor and Echocardiography

Fang Wang}, Simeng Deng!, Xiaoping Tian, Xianglong Qi!, Fei Song!, Naidong Pang?,
Jinxi Li1, Yiqun Gao?, Hongzhi Zhou?, Ying Tian?

IHTRM Cardiovascular Hospital, Dezhou Shandong

2Beijing Chaoyang Hospital of Capital Medical University, Beijing

XESIH: £, BB, HANE, TR, R, B, 4, 58, Ba®, mE. LERsh f12E 0 DR
RIS 5 O JIEHE 7 N B A e HH P — UM S AR MR ], IRPR = 2433t J2, 2025, 15(10): 1926-1932.
DOI: 10.12677/acm.2025.15102964


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15102964
https://doi.org/10.12677/acm.2025.15102964
https://www.hanspub.org/

Received: September 21, 2025; accepted: October 14, 2025; published: October 20, 2025

Abstract

Purposes: To evaluate the consistency and correlation of stroke volume (SV) measurements between
a noninvasive synchronized multi-frequency impedance cardiography (MF-ICG) device (YECO-A03,
Shenzhen Yike) and echocardiography (Philips Affiniti 70 and EPIQ 7c with S5-1 probe, 1.3~2.6/1.6~3.2
MHz). Methods: SV was measured simultaneously by echocardiography and MF-ICG in 85 cardiovas-
cular patients. If the MF-ICG measurement was interfered with, a stable segment immediately after
the ultrasound measurement was selected for analysis. Results: The linear regression between ul-
trasound-derived SV (US_SV) and MF-ICG-derived SV (YECO_SV) was US_SV = 0.88 x YECO_SV + 8.69
(R%Z = 0.51). The mean percentage bias was 0.7%, the limits of agreement (LoA) were —-19.5 mL to
18.0 mL, and the maximal percentage error (MPE) was 26.8%. Conclusions: SV measurements ob-
tained by echocardiography (2D Simpson’s method) and synchronized multi-frequency impedance
cardiography are equivalent and can be used interchangeably in clinical practice.
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1. #Er

44 B (stroke volume, SV) 5.0 Hi & (cardiac output, CO) /2 T 81 ML 5 /7 2 W M i Refli 2 %, th
R A FOIRAS I B bR, TR BRI SO DI RE VAL SR R G H B . BT, SV 5 CO mill&
FARA A G TR L K 2 Ok, GBHPTE . Bk oAk, A BLR G & BT E
FSE . Horb, PP S I o Mk D L TE ) R e W B R T R B oA, B PTVALE 2
TERZ AR P AR TN AT L], B A T — B A 52 T [2] [3].

AR, — P e T4 G5 M PP TV AR S8 BT BT B L 2 7 5 i M AR et 2R 51 NHARE
FHW S5, BAERTHE M (signal-to-noise ratio, SNR) 5l HEff T . AHTF 7T & 1) YECO-A03 ¥ %
K A5 22 454 4 L FH 37092 (multi-frequency impedance cardiography, MF-ICG), ] [&] i [a) A& & 3% 22 M43
ZRIRIAZ UL L I 0 B A S PR AR DB TR AL, DAY /DN 4 23 22 S Pl SR (R ), DT S 300 B R A P U
WA RS SEIN L GBS MR SN 1 RAS ,  (HHAER PR 5 K B R B 7 ASIE

EEERPE(ICU)H, PR OLIEEFZ AL SV I TR, wgthOorgsi S e fiegns 8. 28
M, HEAENE SV B ET RGO, TRESCIUESE RN, HI IR G % 88 RaSTE R E & &
s AL R, ToB s 705 AR AR R, TSt shaS i [4] [5], HRELGER 75 3 R 2
AEATNREFH[6], AR T T B Dl o) AW, o LN R o 0 R AT 7 i3k — P I6IE
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AR U LA E I 2 — 5% L R 5 A0 ML 5 T 19T RS G BB R epol, 2 B AR Lo B AR 45,
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e 0, UM ERARFAER O MU ST R I OCEIER, M T LR s R & N3, 2%
BH KU EI(MDT) AR O IR IS TT R 52 o AHIF T8 20 111 2R 48 2 M e A5 3 40 o I A5 [ e A B 2% R 2 it
#E, BT 85 440 ML s B B 7 P At & 15 SREIHIA T BFHIER FE. Tm. fRE,
I B 5 45 FE 48 £ (body mass index, BMI)ZEREA(E B . BE ISR 5 N LSRR IEVE LR 1.

Table 1. Patients’ baseline data and clinic characteristics [ X s /n (%)]

%1 BERL R SISERIFELX £ 5 /n (%)]

URE| #14(85) F1%(49) 1 14(36)
R (X) 61.8 +13.0 62.5+12.7 60.8 +13.6
i (cm) 166.1+7.8 170.2+6.7 160.5 + 5.6
1A 2 (kg) 71.1+13.6 73.7£14.1 67.7+12.2
A T4 (kg/m2) 258 +4.3 254 +4.1 26.3+45
WAL 4E £ (mmHg) 128.6 + 15.7 130.7 £ 14.0 125.8 +17.6
&F 7K JE (mmHg) 77.3+10.6 78.4+10.7 75.8+10.3
a1 1.1 (%) 46 (54.1) 30 (35.3) 16 (18.8)
5607 (%) 45 (52.9) 27 (31.8) 18 (21.2)
e g L E (%) 23 (27.1) 10 (11.8) 13 (15.3)
7 PR 973 (%) 18 (21.2) 14 (16.5) 4(4.7)
O 5 BE (%) 16 (18.8) 10 (11.8) 6 (7.1)
S KA G (%) 6 (7.1) 4 (4.7) 2(2.4)
DIENFINYHA I & 1) (%) 7(8.2) 5 (5.9) 2 (2.4)

INNFRHE S HEBRBRE -

WNFRE: S 20 A8 85 % 0 LA P A 35

HERRARUE: (1) MEAREORHALIIE 0 (2) SIF MARARZEVESR; (3) LGNS KL L 52 25 (CCS) 73
ZNV HEAL)OIERR I (NYHA) LI RET IV 2 (4) 38 1A H WAL SIS 55 (5) F/E%
PEOHRHE (6) PR AU LRSI (7) &I SEsy™ B SRR Ye; (8) A" EAF. B,
AR R B A 2R WIB s (9) AFAEWR R BT a] SRR A B MR R SR -

3. 733
31 RFHEIMEHENE

N T R T VT AR NG PR AL I R MR o B 4 AR IR SRR Hh B S A 23 Sl TECE T S R A, 55 4
4 BRI HCE THERHMBE FJy . BB AR FED RS RN 0.6 Ma (RMS). SR Gy
10~350 kHz H[RIH 2 A0AS i v 2 ki flss, 2 0 19 X6F LRI U 42 0025 A3 I ) i s A ) BEL 7 (thoracic. multi-
frequency bioimpedance, MF-ICG){E 5. MF-ICG 15 5450 Hi [l (electrocardiogram, ECG){& 5 #f [F] 30 K48 .
A MF-ICG {55 (AZ) 22 i5d i 35 (HIE B P W5 g0k ) ARGl 308 p (PR AR 7R ) b 3, DARTH O IR B & .
YECO-A03 % T [0 Z A AP I &, B3 NS AZN) 1CG 55 H 3R AU O 2 51 ifiL i (3] (left ventricular ejec-
tion time, LVET)5 Ifil {7t 3 /% i % (velocity index, VI)IXPANTH SV (XS4 MG, 456 E AR
FRIF L RAE G5 1) Sramek-Bernstein AU[717H5H SV, FEATHHATE [A1SFY . ARG SV 0 Z (heart rate, HR) I
1 T 7 (body surface area, BSA)iE— 511 5 &4 5 %4 (stroke index, SI). 0%t & (CO) K 0o ik F6 X (cardiac
index, C)5524(. MF-ICG. ECG JJ¥ K it ESHI L 8o T3 4% 5 5.
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3.2. WEEBENE

L2100 JIFE R H P 44 I 25T 2 R S BRI AT, K 23 BOZE RO I A 1) S 4 B A B Dl e AT 4 1
A5 MALEN J1A 0Pl o BB 5 R 75 sl A 2 1w, (8] COMITR Affiniti 70 &2 EPIQ 7¢ iR
ABA, LA S5-1 #:Sk (MR 1.3~2.6/1.6~3.2 MHz), FREUITA FZ OV (B iEArE ORI . E 55
R N O)), DARRITE e S e S8 SV R 4R A X Simpson vATHEL, B f
B0 S 75K R 12584 (end-diastolic volume, EDV) 5 Wit A 11 22 #4 (end-systolic volume, ESV) I3k 2(SV =
EDV — ESV)f53 it ML Im R SEhr, 8 75 B A e BN Dy Jog B g £ 1) — ol & 45 3R T2 i o

3.3 MERRE

TIPS A WM F A N BE Eu . PR B, RE RIS ARG S . M B O
SERLN TG, FREe @A LR, JFARSMEIN BT PEMIRES 6 2dh . BLURAE B £ MR P fe A
R AT REX Jo B MR sh o 5 MG T Pe (i S E R Bl . AR 32k 4R) . AR BN, R Se A MR
fr, JEFENMEML. fEEEA MF-ICG I AEH, Wa B8 tr iy 228k, MALAE, IR
4 F K

4. GtERFZE

K F MBI 2 AT VAL P AR 7 15 I04S SV RIAH G, SR A Bland-Altman 20 A VF Al — Stk (B 4E 1
S 25 e 95% — I FRAA) [8] [9]- Gttt 5 i 3 1M K ¥ B 5E N o = 0.05 (BUR A E) [8] [9]- AHEFiAf H Python
HAEE S (AR 3.13.2)BE 7 8dE /A, EAK# pandas (A 1.3.5)5 statsmodels (R4S 0.14.5) % .

AT E] SV LB X 1R ZE T I, SR B A HR AT
X —

Yi 41009, 55F. = Y1 %1009
X X+,

2
SEBRHARE X P 2B A K, FHIE SR 2 F = 0.55% (SD =13.66%) , T3 4 b %
= ~0.36%(SD =13.64%)

&R

YECO_SV , US_SV /i fith ZHAEFAE. % 2 B efIfgitse e, J 1 B8R 05ieE
SV il RIHK R, JHFEANUS_SV =0.88xYECO _SV +8.69(R2 = 0.51) , # 3E;RUS_SV 5US_SV i
FHRAE I 5 — B EPPAL 45

K F Bland-Altman 73 Hrigi PG B 22 5, 45 R Bos V3w 5 S 95% — BMETE [k fa + (1.96 x Frifk
2)], BAkunlE 2 fros.

E =

E
5,

Table 2. Statistics on the distribution characteristics of YECO_SV, US_SV
2. YECO_SV, US_SV KIS MRiSESit

Ei=t YECO_SV Us_sv
YIE + brifeE 66.21 + 10.95 66.94 + 13.50
5 /ME 46.8 45
IS IN -] 96.84 114
ez 50.03 69
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5 25 HIMIHL 57.74 58
BAEDA 65.63 65
5575 HIMLEL 73.34 74

Table 3. Correlation and bias of US_SV and YECO_SV
3. US_SV 5YECO_SV MIHE% M RIREIE(GLE SR

Eizpa i1
TR FRH 0.71
p il <0.001
e (B K 22) -0.73ml
i 5 e E 22 9.55 ml
95% — R _E IR 17.99 ml
-19.45 ml

95% — IR TR

Prediction Interval Analysis: SVyeco vs SVys

104 r=0.713 1-

100 -

SVyeco (mL)

4 . —— Regression line
40 g T —
— —+ 95% Prediction Limits

5 60 70 80 9 100 110
SVus (mL)

HRE: AR 95%1 BAF X [H].
Figure 1. Linear regression analysis of ultrasound SV (US_SV) and MF-ICG’s SV (YECO_SV)
1. #87 SV (US_SV)5EI$ Z4iBRHIE SV (YECO_SV)BIZ M EIA 547
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Bland-Altman Plot: SVygco vs SVys

0)
201 Y N N N ]
o o +1.96SD: 18.0
j o @) 5 (@)
E 0] o O
g ° | ©
3 °o 0 & %° oO
] O O O
8 0 .(}@.Q;gfgﬁm-ggd%.o .............................................
e Mean: -0.7
S R be) @O O o4 ean
(7)) o o ©
® O O¢p O
Q -10 - (@)
c
o o 00
£ o) o) 0
o O Q ol L |
=20 - Y- -1.96SD: -19.5
. o)
[0)
_30 " T T T 1 1 1
50 60 70 80 90 100

Average of SVyeco and SVys (mL)

R B S TR T2, REZRoR 95% —EERR (LoA).

Figure 2. Bland-Altman analysis of consistency of echo cardiac SV and MF-ICG SV
B 2. Bland-Altman F3E a0 IREE SV 5EP %4RMEHTE SV M—BUE

6. 7ig

AIBHPTEEIN & SVICO [HERFE — B2 B B2 % S 7R [10], AVBHH A A45 31— ST 2 1)
ihfE B [11], ZHEHPUE(MF-ICG) & — Rt 7%, SENR S SVICO IS MHER AL . AHT 7t /&8
it Bland-Altman 73 #7514 A PEAS 1387 24 728 2 A BH$17%(YECO-A03) 5 L JIE i 7 (2D Simpson i)l
& SV M—E S M. FELE SR, WA ITENE SV Wk 2800 (-0.73 mL), A R 47 (r=0.71),
Hi K E 7 iR ZE(MPE = 26.8%) KT 28.3% IR nT 4 2 brifE[12] . X R APIFITC T IEEN & SV 7
R A ISR AT 2 A2, S 0 AR S aR 7t 4518 — B [13]

FE ORG24, O G SEHR 1814 (cardiac magnetic resonance, CMR) 4% A /¢ 0 28 AR B4k () 4 bk
#E[13]-[15] AHFFUGEBH AR X LT, stk T Hm PR At A SCBRSCHR . 11 Marzia Rigolli 55125
RopHr[14146t, HAENE LVEDV 5 LVESV BAFAE RS, (HENRZEFRAM, Hat5r 57 2 (EF)
J SV 5 CMR 45 REA R4 A — 2k [13] [15].

K FAFAEL T JRRYE. B, BEA SV {EH /A u B ARG 46 1 (FZ AT 50~80 mL), 7E = {H X A
(80~110 mL)ZHE AL, T REFZ M (] AR AY Je — B VP I A EME . ARSR T b RS 2 SV EFEA LIS 0%
gienlEErE. HIR, AT, SRARZ LR PRIE. &5, HANERET R
O, T MF-ICG AT FEZE W I BB . AT VELER (R 0 R AR 2 5, S48 B35 LR 3h /)
SRASPEBNF, M DR RA VT EC XS L Co Bk A BAEAT R, ey i 2 B A PR .
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