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Abstract

The Electrohysterogram (EHG) signal records the electrical activity of uterine muscle cells non-
invasively using surface electrodes. The study collected electrical signals from the abdomen of
pregnant women in labor for a prolonged period of time by means of an abdominal electrical fetal
monitor, and mainly analyzed the EHG signals of pregnant women on the day of inducing labor
with oxytocin medication in order to investigate the differences in the signal characteristic para-
meters of different labor outcomes. The EHG signals underwent preprocessing steps such as band-
pass filtering, downsampling, bipolarization, and noise annotation, followed by the extraction of
feature parameters like Root Mean Square (RMS), Median Frequency (MDF), and Sample Entropy
(SampEn) through whole-window analysis. The differences between clinical indicators of laboring
pregnant women and EHG signal feature parameters were analyzed using the Mann-Whitney U
test. The results showed significant differences in RMS and SampEn parameters and the usage of
0.5% oxytocin between the vaginal delivery group and the cesarean section group, revealing the
variation in uterine electrical activity among different childbirth outcomes in laboring pregnant
women.
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Figure 1. EHG signal acquisition device. (a) Acquisition instrumentation; (b) Abdominal
electrical signal acquisition interface; (c) Schematic diagram of electrode
1.EHG [EER&EXE. () REMEE; (b) BHRESKRERE; () BHRFEE
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HI~FIIE KN 9.78 he
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Iy WA R 25 51 7R I 4 IR A B TE 7 W 0 SR, 10 9100 M R AT RE ER T 259 51 7R RIS B0 B — e AR
(B (A AR B 40 22 8 1 4) S K B 9 I T e 4 e S AT 1) B 7 46 S 1) 1 3% 10 44

Table 1. Data composition
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0.5%f# 7= 25 & = MR x KFSEMT 1] x 0.05 1)
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Table 2. Clinical information of pregnant women on the day of drug induced labor

=2 SIS RNEAIRKER

G4 R
LRI 18 o e P

FA RS 31.90 +16.73 29.90 + 4.49

IR 1.92+1.11 1.90 +1.89

TR 1.24+0.18 1.00 £ 0.00

Gy U6 5 (w) 39.70 + 1.02 39.64 +3.13

ABi Bishop 4> 488 +1.27" 3.80+1.36

Il 7 Bishop ¥4 5.89+0.28 578 +0.17

ZHi BMI (kg/m?) 22.64 £9.75 22.86 +7.67

A& BMI (kg/m?) 28.65 +12.34 28.26 +7.21
0.5%f# 7= & (mL) 45.78 + 31.60" 134.00 + 123.69
Bt K (h) 7.16 +92.56 15.61 + 426.00

“p <0.05, “p<0.01.

3. EHG {55 A2 K 4FERR Y
3.1. EHG S mAtE

BT AEZ AR TR AR B EHG 55 HAA/E RGO L. BESEIFIL . 1230 P 105 F0 T A0 75 2614,
KW FALH 5 B AL AL ¥ Butterworth JEJE #% X4T J5 415 5 1HEAT 17 I8 2 0.34~1 Hz F1 0.34~4 Hz, H
0.34~1 Hz #FR bR i 4 B (Fast Wave High, FWH) [9], #iA AR T E 4 i e a5, WHE R %
B FWH S50 S g g 21 50 i (047, 8% ik 3~4 Hz [10], TReARWF7 ik 74 @ a) FWH 4 =
0.34~4 Hz.
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DL STHEIE L . 735k, T 26 EHG 5 5 i ik 7=, A 7848 MAD (Median Absolute Deviation)
J5 B B AL 5 1 EHG (E 5 TR 8, Zhang %5 AEM {8 MAD 753 0] LA Bt L R 5 5
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5 0N ER g w2, Hat R
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Horp, X 25 1 RIEE,  median(X) & 200 & H A FTAREE R BIIEE A E . A AR R IR
KT 35 MAD, UK 24 B SRAE s ML 57 548 (8 FH L o B ) I 8 i b AT S A (AT 2 IR 3RS

UeAh, N T EE— DR EE S HIERR L, D R T T T, SOEE S O L, X S
5 H AR B OB R Z2 KRR 5], ASHIT FIEHG CL~CA DY HUARAS 5 19 P AR DA B N XU A 5, b s EL
[ _E Y LA AR R A Bipl = C4 — C2, /K17 [l _E W FAR AU 2R 75 Bip2 = C3 — CL. {HAERIZ, A
Je BIEAE SR 2 HU SRR AL A OO A5 51T 5

3.2. EHG R SRE#RE

ERERNR, /£ EHG 55, R i g B as A I BUE B4 1 5 LA FL 8 30 ) 2 E0 S
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AR RATTIME, PR T ZMER, W ASHE B IRIERAE, FPIRES EZAfE 0.34 Hz
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e S AL E . Roger 558 A FRIRE AL WAL FAEE P S AR AR T BRI, 419145 3.5~6 70 J4 JI Tk
Wi — Uk, I HAERR IR FFSE 50~60 AP[13]. XS lmPR_Exd T2 4t SR — 2, 1% S RIZ2 a R ELim
(1 EHG {5 SIRME KR 2 £ E-0.5~0.5 mv Z[H][5], T2 AT FURARHE 5 5 EAT N L A ARVE

3.3. EHG {554 {EHREL
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BT BT RIS 240 B PN BRI SRR IS4, RRAEIX 120 s BN EHG 5 5 2 PR . &
BB E S ENTAREL A TR E SR, BEFRAE L, A E S AR
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Figure 2. Whole-window analysis
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B4 1) EHG 5 5 R E A0 & B SO o T FH AR LR 1 S 800 W, ASHIF 075 I 38k FH 1 55034 77 AR (Root
Mean Square, RMS)RE /R & 1N EHG {55 5 AL ; fE45038_E ke H 11 5 B 451 %8 (Median Frequency, MDF)
KRBT N EHG 15 5 WAREF s AHT &0, AEEEH(E 5 2 PR (o] R 2« AR (b i JE LR PE T 72, R R ERAT]
W] DU SL AR M B ) RGBSR EHG 55, X BUAHE Tk FH 1 5 FF 4% % (Sample  Entropy,
SampEn)sKE AL 1 N EHG 155 195 2% B R E .

1) ¥T7HR(RMS)

RMS =, |-=> X*(i) ©)
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Horb, X (i) $REE SRS | A RAE RO, N 21E 5 T 0T & DR RS, R BAE SRR
(0 —Fll B, B HLER AL T IS S AR B I R APl . O T SR AR b PP IR P 2218 EHG 55 R IER:
1E, BATEEY R FWH $i1(0.34~4 HZ) N it 5.

2) H{E M (MDF)

MDF = im% 4)
i_:fpsn(i)=i_:fpso(i) 5)

Horp, R fCORFESR, X HONMCSREEZ G 25 Hz, PSD N5 S MIThERE . X FAHE TN T 8 S it
35 28 % Zh TP A AT T B, R T 1 Hz A0 BTt , MDF {FE FWH #i17(0.34~1 Hz) i 5

BTN, HEDREN TGRS, AR 5T Welch 7 XMAESH it =, =2
A AR A et 3 R N T AR S TR AR ERAR £ A (0 2 B D 7 SR AR v T A A )
HERA R [14]  ASHIF 90 P 2 SR W 30 & 1 Hh 1 120 s £ EHG 15 51 50% 5 2 19 43 i B KA 60 s IV 7
X P R4 S 3R 4T bR {8 L IH- 45 i (Fast Fourier Transform, FFT), SHEANEA FET 45 B 19F 7, 15
FZB TR

3) FEAHH(SampEn)

SampEn(m,r,N):—In{Q:E:ﬂ (6)

b, moREMZER, —RRE 1B 2; r RAMOUZAEZE, W REIERERR 5, AR
m =2, r=0.15SD (SD AN EFFIIFRMER); A RTMERAE m+ 1 5SHEBRAELEKNEE, B
R K E m PR ) 5 AR R () & DT IC (1 £l [15] - SampEn W] DL &5 5 (1 2 A4 FE B, Rt SampEn
ERARG, N IE) PP A Y AR AR R B e, B 5 A SR B O bk s A S, SampEn By, TR A
IR A, LR . A TN T APt il i EHG 5 S IR, [AIFEE P R FWH Sty
(0.34~4 Hz), (HATERIIZAETHS SampEn Z AT 6455 5 14T z-score ARifEALALEE,  DASE Bl A e 1k -

4. GtERFZE

AHEFEAEH] SPSS26, Xt T % 1L AL & H Jafli ] Shapiro-Wilk IEZASPEAS LS 2 10 PR AF B F b Al 2 HU)
EHG {5 SHHESHOE B R IESE A, 70 2 1Lk 7041 W % Student-t £246(p = 0.05, XUE); A A
T /2 IEAS PRI W i 5 4E 2 20K 56 Mann-Whitney U 556 (p = 0.05, XUR) % 45 ) 4 (138 73 06 A0 25 = 1 ' 7
ZA ARG RAE B AR FS A EHG 15 SHRHESHORAT 704

5. Z5RaHr

AT TS BT T Bipl Al Bip2 5N T8 AL SE s 8508, K 5 11 24 ARt B8, 43 Shapiro-Wilk
TEAS TR 50 R I TE H I S RIS HO AN R IS0 B 75 ZA S, BRIGCR F Mann-Whitney U #5565 45
SR E PR JR 2 P18 o) S A AT B ZE e oA, IR B A R 2L, Wi 3 Bos, &4
IES P IME AR MEZ W 3 Fim .

RI Bipl Fl Bip2 P AN R IEIE 7E 9 20 2 (M3 LR FF T R AT — 80k, PIANXUHGEIE 1) RMS 7E 79 25 7]
YA AR B 2R (p <0.01), Z4 K 3), K 3(d)aTLRBLE RH S =41 RMS JEH B &R T4 R4
PRI 53 W4, R A SE R A W1E 2 2000 EHG 55 s 5w, I FE g s 5 A= T £,
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Figure 3. Differences in parameters characterizing Bipl and Bip2 channels for failure to deliver outcomes (*p < 0.05, **p <
0.01, N.S.: Not significantly different)
[# 3. NiB5 ks FER Bipl #1 Bip2 iB

EHESHER(*p<0.05, **p<0.0l, NS.: TEEMER)

PR, XMBRZ
3(c), Kl 3() AR BLL:

ﬁéﬁﬁigﬂ%l‘ﬂfi}iﬁ[ﬂ- A WU JEIE (1) SampEn 7E 1 41 H] 17-4F &
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B 28 J5 22 18 4 4K EHG (5 5 B8 FE A, 5 A Mg, SRR, St ARl —%
[7] [16]; AH5E B I ARALE Bipl A1 Bip2 AN XK IEE H 1] MDF & IUTA & 2 4 22 57 (p > 0.05), {H2 M
3(b), [E3(e)fn 3 Al IFH, Z5mHIE 4L MDF A E AP I T3 1 45 R 2 Bl i 4,
BAVRIL, X5 AWM KIMAE, Diaz-Martinez %5 N & BULE A I 2590 51 7= 5 (¥ B 45 J=) 48 B 18 43 Wk 1) 252
18 EHG MUSS 500 = 151 7= RN 85 /) 5 =2, B IF RIS S A g 3 U &5, 2
e AR AR AR AR [8]. ABFFINNY, W REX PRS0 J5 5 AT e AN 2 i B ful i 7 2R TR A O
B2 2 WIAN, &5 R0 E = 1 2 I HE ik 0.5% i = R I B 35 T4 R A BB A 1R 22d, I HA R
B, = 2 8 FAE EHG {55 FATESHE ) B8 my O ATS , SR T B T B B 7E M 7 2 o S SO PR T 1R
HRER AT RE PR N[L7].

Table 3. Parameter values characterizing the Bipl and Bip2 channels for different delivery outcomes (Mean + SD)

# 3. PRI HLERA Bipl 1 Bip2 @iE4HES & (Mean £ SD)

Bipl Bip2
HEr LREN T HeEr L PIE
RMS (0.34~4 Hz) 0.0333 +0.0096™ 0.0444 £ 0.0117 0.0271 +0.0065™ 0.0395 + 0.0132
MDF (0.34~1 Hz) 0.4541 + 0.0207 0.4468 % 0.009 0.4559 + 0.0196 0.4518 +0.0135
SampEn (0.34~4 Hz) 0.5170 + 0.0568" 0.4735 + 0.0196 0.5155 + 0.0506" 0.4860 + 0.0222

“p <0.05, "p<0.01.
6. g

A2 R 7R 1 EHG {5 5 £ TN ™ 4249 43 06 45 & J7 1 R EEAN B . R0l , RMS 1 SampEn
VEI AR 2R ME S50, Be% I 1 B UL iE 2 (R s BE AR, AT 3R AL 175G T e bR I 2B R
BARKYL, RMS fE& W /AR BE & THE =0, RSNG00 E 5 15 Re 4 B E R 7
ARG, BLAbh, BT R IE T8 4 i A BAK 1 SampEn (B, R IX LK) EHG 55 B A R & 1
A, ATRE S TR B GRS AR O . AR, R IRATE RN XUARE TE ) RMS HT SampEn 24 E L2
BT REER, (H MDF 250 R ER gt 22 L W R E 2R, X R AUSRRE 5 7 g 5 2
(] (1) 6 ZR AN U N SR SR AR AR B 2 o (AR TR I T — e i 3, XA R I 45 )= 5 7= 1 4213 EHG 13
S A E AR 2 R 22 918 4 W K EHG {5 5 58 &1, FRAIWIE G AR A 25 J5 5 B P I A ia B E 10 2R
2551 7 Rl e R IR RNS G, 20 EHG (5 5 IS B, BT 75 Bk — B O TR AR T ke 2 R Al
FAXF EHG 15 S8k s . 28 BTk, FRATMEF AR, @il LA 04T EHG 15 SN 8. sl dELk
PES) I ERFAE, AT LA B A 53 d6 L AN TR0 1 7= 22 S 6 3 B 45 = SR A I I WA . AR ST N gk — 2P
RE EHG E 5 0T E IR R SEB R I RE A, DA Gn o] e I 3k 645 5 SRA0 A 23 060 5 BRI R T TR SR S

B
KU 0 A1 4 DA e 2137 AT AR (A S
EEUH
I 2% [ SRR 56 4 R B 5 H (U20A20388); ] 5¢ i s iff & 1 (2019 YFC0119700) -
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