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Abstract

Objectives: This paper detects the changes of electrocardiogram (ECG) characteristics of young
women in early pregnancy, providing a new screening method for women in early pregnancy and
improving the diagnosis and intervention rate of early pregnancy. Methods: A total of 152 young
women with early pregnancy and 100 young women without pregnancy were included. The ECG dif-
ferences between the two groups were compared by SPSS software, and deep learning method is
used for intelligent diagnosis of ECG. A diagnostic software was developed. Results: The ECG charac-
teristics of early pregnant women were sinus tachycardia, sinus arrhythmia, short PR interval, ST
segment depression, T wave inversion, left axis deviation, chest lead low voltage and inverse clock
transposition, which had significant statistical differences compared with non-pregnant women (P <
0.05). The accuracy rate, precision rate and recall rate of intelligent diagnostic software reach 90%,
100%, and 83.33% respectively. Conclusions: The ECG characteristics of young women in early
pregnancy are physiological variations. The accuracy and precision of early pregnancy diagnosis
based on artificial intelligence are high.
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1. 51§

RAMEYRE AR E WIS, RAEF 40%~50% [1]. EEA T SREMRTANEE, XL
B EIA 62%; TERERR T LR LIS, BRI R e TR I R R E KA, X
— BN T IRE LR AMEGR AR [2] [3]. H AT R IIEEGRIIZE “ ShniE” & NGB MR R
(Human Chorionic Gonadotrophin, HCG) [4], {H HCG {EFR[F 4k 2 HoHh X H RN MUK ITE , Ktk
X F G R R . (e X FR) 3 0 NTEAS BE S IRHE T

LA FIIEFE SR s R 2 5] RS O I I3 30 702« O FILA0 B P Y5 3 R 250 (5] 1o Pl PR 8 s BRATY
S O A5, 6T 0 B RIS B R S5 R S OB . R, AN T R R AR 0 L R A, A
O FL LA B 12 T B S R B R I PR A A

IR, N TR R AR R 2 U P B FH R B2, R B ST B R R T4 Bh = AR EAT W kLR L A
AT, ST TN AT R S E[6]. B O B E R IR S RIS WK BRI 40 4y, EAETE BT
AR 2 EA R S AT O, 8 V)RR AL T REAT A A T, SR T U R S RO
ZRUGAUE, TRFES ST 52T DN 2 MO F RO 3 R 34T 43 2K 7], I HL R TR0 8 W0 2% 2% T 1) 7 VR Tl LAk
G N LB R BRI, PRI H o RO AL Ge 7 vk T & RS, S s .
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2. AMERE
2.1 HRMR

FUHAAE R . 18~35 & FURIEUR(<12 J&) Zotths HCG FEME: i shif . (O M f . A
HECERAN G il B BAEERT ;s XTHRZH. 18~35 U RUEURAE B L.

2.2. HEETE

KFIBENLIRER 535, LL2019 4E 1 H 1 H~2019 4F 12 A 31 H AR, MS#ST /N NRER . 1
FRTT AR O NRBERE . RS Hb B 2 K2 B I 5 Be A LR B B AR otk o e TR, DA% TR 3T A U e ik 40
L HE

2.3. MEIEHR

O BN E RO, N TR0 E2EM; N Engauge Digitizer #4301 & P. QRS. T il &
PRIE, PR [EUHINH, ST BURREGEG @R, TH 5 A s 5 .
2.4, G

N SPSS 26.0 BAFHAT LT AT B /0 Hr. THEBRIDIAL £ driEZE(x £ s)#Row, AL FLBCR A t
R e PEVERMZE ] PSR 2 56 . P < 0.05 $/R 28 A Giih % 5 s

2.5. ALEREDHT

AT H 5 PR REEE, BN THZ M2 (Artificial Neural Network, ANN)ERY k5L 414 4 41
O HEZH O e AT IR FE 22 3], B AR T I B e . o VB A P 2 g o L SIS BT B o
25.1. BIEmLE

XHUSCEE ZICo B 20 DL 1000 Hz (PR AT KA, I 28 1/ o A0 6 ot 30 7 2 52 M 50408 o == 1R UL
W HHAGEIE TS , 3% EGC IEARHERE, IR RUR S5& 08 Fk AR EL 4 B e ) (K 1) [8].

1.0 1

0.8 -

0.6 -

0.4 -

0.2 -

Voltage/mV

0.0 -

-0.2 1

.04 -

0 1000 2000 3000 4000 5000 6000
Time/ms

Figure 1. The filtered ECG
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P2 (R

AT B HE ST 12 x 6000 (12 33k, AT 6000 IRKAERD), 780 FIHT 12 I HL A 1Y
P, K 12 SFERAYL BG5S G— MU — LA B, FFARYE 2 5 220K T O v LB SU{E R xS 45 R AR AF
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Figure 2. Data preprocessing process
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Figure 3. Neural networks architecture
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A 2 JE Bt i LA A — 4R BUR AN — AN e KA JZ A4 R, 2 AR S A A RelL U SRIEAT I , ReLU
AR T AR B8 2T DL T

FE DA SR AR i B — 2 4 R T XA A 238 HR R, I Dropout JEAERE—FE I ZRid R B
PULFHE L T 4%, e softmax fF ML rds, Ml BINETR . b B A R0k it
e MR SRR SRTHRRR 7 2R RCR . BRI R A SRR, AT RN

HEAT O EL P TN L 22 ) B AL TR Dy - A b3 B FL PRI 0000 I 4 v i N i A B A 0 vl B K 0
FHEE, SRS A S B R AR B4 X 4 L 4 b TR 0 RO rRU IO AR v, i th 5 RS TIOAES, AR 4R
MR BT

NPT IEEN R R U, AR UIGRAT, R T YN ZR B I 41 AL 5 4% L 3 2 DI 2R R 5 s
UEER, A HBOT SR, BEJE IR AR A 28 AR T BEAT I ZR[9] -

3. 4R
3.1 MIRTREXIER

AW TCBILAN 152 42 FIIUEYR 2ok, 100 44 1B RMEGR ik FHIEIRAE TP 27.4 £ 49 %,
X RRALF RS 281 £4.6 %, PIABEE LG22 R (P = 0.249); I HH A REAERLAR O s . 2R sk
WG EZEFE(P wa =0.533; P yw =0.689) (% 1)

Table 1. Baseline characteristics of the objects

R 1 ARMREKREFR

I H FZa4H (n = 152) St 4H(n = 100) P {H
SE 1 (year) 27.4+49 28.1+4.6 0.249
W 52 [0 (%)] 3(1.9) 1(1.0) 0.533
I SE [N (%)) 6 (3.9) 3(3.0 0.689
3.2. IR
R URA LA 24 51(15.7%) ML EM O Bhid E, XTIEAE 1 61(1.00) I EHLshidiE, Bf B
Giit 222 (P = 0.0001); oAb, FIEGRAA 51 51(33.5%) I E M OEARTE, SFIRAA 2 51(2.0%) 1
FHOEAS, BARESIYZ5(P =0.0001).
3.3. ILFE
B R T 100 79.9 + 16.0 K/4y, MR TH0F 755 + 8.2 Wk, BHEESGII#ERP =
0.012).
3.4. PR [B]&A
FLHAGF AR 20 0 1 1R] PR [8) BASF 3516 PR 137.4 + 22.5 ms, 7 B8 20 .0 L [R] PR [8] B~ 35 15F PR 143.0 + 14.6 ms,
BHEBEG1H%ERP =0.028); I HREHTIRHAS 21 51(13.8%) H B PR (A < 120 ms, XTHRZH ALt

M, BARESHEZE (P =0.0001).
35.STEBR T
FLHATIRA AT 25 151)(16.4%) tH B0 B B ST BERAR > 0.02 mv, H R ARME 2 °F-){E 0.07 + 0.006 mv,
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XHRZHA 2 41(2.0%) B ST BJEAL > 0.02 mv, EAREESIHFZERP = 0.0001). FHLTIRHILHE 22
B1(14.4%) B IO BB T RSP BE, SEHE 2 #)(2.0%) HH T K FEFEE, EEEESI¥ER
(P =0.001).

3.6. EiRE

FIRIE IR LA 11 191(7.2%) H 30O B PR Ll 7 g, AR % P52 0T34 -31.09 + 1.4, XTREZHAG 1 141(1.0%)
IR 2, BA B S22 (P = 0.023).

3.7. RSBEE

FHRIE IR LA 13 191(8.5%) HE B F R H T, H~F35)1H 0.66 + 0.03 mv, X HEZHA 2 441](2.0%) H
PR, BA B ES R (P =0.029).

3.8. ILMARFELL
FIAGEURA A 27 H1(17.7%) tH B Bh i B, X RRAL I B0, B B3 S22 = (P = 0.0001)
(# 2).

Table 2. ECG characteristics of early pregnancy
e 2. BHAYE YRR [EIHFE

O L PRI AR 24 (n = 152) Xf B2 (n = 100) P fH
SO T N (%)) 75 (49.2%) 3 (3.0%) 0.0001
FEMOLBE N (%)] 24 (15.7%) 1 (1.0%) 0.0001
SEEOHATEN (W)] 51 (33.5%) 2 (2.0%) 0.0001

SIS (VKIS 79.9+16.0 755+8.2 0.012

PR [ }(ms) 137.4+ 225 143.0 + 14.6 0.028

PR < 120 ms [n (%)] 21 (13.8%) 0(0) 0.0001
ST B EA&(mv) 25 (16.4%) 2 (2.0%) 0.0001

T HAGFE. FIE [ (%)] 22 (14.4%) 2 (2.0%) 0.001
il 2 [n (%)] 11 (7.2%) 1 (1.0%) 0.023
W FEALIN (%)) 27 (17.7%) 0(0) 0.0001

3.9. ALERESHTE L

ARSI SE S 152 4 FHAUE YR oM 100 4 IEH ARGEIR LM 12 SO0 BB EdE . Hd, 242
B T2k, BN S 50 UE S 50 Lo 9:1 (trainival = 9:1); 10 %504 A T Tt .

FEIE PRI O B 6 N VL TH 7 () ANN X8 EAT YIS DR AT B AR, Sl T PRt Fee s #E
B P T2 8

i FE H LLAER R (Accuracy) A5 3R (Precision) Al A 0] 2R (Recal ) {E I 25 73 K PRAlifa bR, 28 X
(Cross-Entropy){E N4k ek EL, 11570
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TP+TN

ARy = e P T TN T FN .
Precision = P @)
TP+FP
Recall =— 3)
TP+FN
CE_loss =—{p=log, (q)+(1- p)*log, (1-q)} “)
st RO-RE)T#BHAFS L 3 FoR, K@ p RFALHIA TR, q LRW

LTI I

Table 3. Parameter correspondence table

* 3. BN

T 25
FLSLAF L
X R 5
Rz TP FN
AR F FP TN

AN W B BT R AT VA R B i AR R SO, BB AR IR 45 I HER R IA 2] T 87.10%, iR A
92.01%, 1[0}y 86.83%, SEZIL T X & W Lotk 52K TR 57 25 o

3.10. AT ERESHIR G

B R Bk N TR IR O H B2 W T A, B AR R B2 W ] DLE L 43 A Lo ME R O e
BIEE, AW R R A TR R . 2B B BSOSO TR A 4R, o I TR,
BATFEWE 4 Fios.

XHER

MR

INIT (014 Cancel

Figure 4. Pregnancy ECG diagnostic software interface

B 4. 3RO B ESETR 4R E

BAF 0 BB AT, s “INIT” , JEBRGEAE, FEMBUAL SO, sy “ SO R4
AMIFAAKE, BN TR EII RSO 44; mil “OK” JHIRTU, T 45 Rkt e s e 5 AR
A P TR AR SR AR XS ) 10 B K AT TN, PN 5 R0 4 Ffos.
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Table 4. Statistical table of forecast results
=4 NSRRGSR

LA AR HERZ UAGES ]

PR 6 4
90.00% 100.00% 83.33%

RRIIESE S 5 5

Hr, Br— R R AR R, R 9 BITRING,E B85 bR TR A, TR R 2% 2] 90%,
Kt % 100%, 4 [51% 83.33%.

WIS EEWT . BRI UM e LS R v, RN RAEE RS LR ERAE.
4. 7Hig

AW IR 2 O [ B S0 AT, BT R 20 56 L R B S R e R o 25 L ek 11 0 e PR A 55 BB P T s
M 13 RHAEGR O B B R RAAEE O A0 R 1) RO IR M O R B R34 80 IR/4T), DASEME
O ELE AT N EE ORI 2) & P-R [ O30 B ) 5 O AE 1 (2 48 . 3) ST-T
A, A R SIS R A L. AN AR FRAL AT, A L A BV IR A TR, A
76 IR & - M Rk R - B RG080E, OB SR, ORALMEGI[10]; Kk, ZTEME
Pt VESG N AR — P (R SR Co B ) AR S T R AR 22 U Ak THIRRIIRAS ) X 52 P 4 sk T A e
MO L R SIS DA [11]. 45 P-R AR B S 200N T AR, MXHEs X, &
REREIREE (= A2 /b, LR UL AR AR E[12]. ST-T S8R 1 DR IBRAGS2M, 3 5B (2 0
JULEH AR AR S AR, 51 A CoLIRL SR K i, IO 28 PR 40 M (03200 B Stk 5 R GE[13] BbAh, A 070 R 2 it
BRh 2 g1k ST-T AR [14]. O Es i 1) A R Al A fl ol B2 Fl T IS B3I fE A O AREEME RS 5 i
{1 B AR BRRE PR IR O, X 7 R A R B R IR D B S [15] o ) S RGP T e R R T 2Kk, L5
Felfil K, AEFF0 HAL S 38 AT B[ 16] -

BATH L B AE SR BE 2 ST AR SE B, AR AT o oL P2 W 0 F00 S 2, B 0 o FL AT
W E T IR UCiA, Pritam Sarkar ZEstiE FHALAS 2% 21 I 75 0P Al 8 M SO 2101 K i O O L PR S
AL T MNP ER, R ANN BR[17]. ANN BP0 AL T8 2 — Rl A B 4Ef14T 4
BORIEOAR, i | 3520, B@ER 177 AR BT T R0 F B YRR, B RSP HERE ) Fl
BRI R N BE[18] 0 N — B RATEAE D2 5401 B IR P — 2D IR IE S O H 2 W 3 T ) fE A
o AR IR B R S B TR T 0T DU I R 1O T B, B W R 2 (R 2 B AN ORI 07 ), A
PN IE e

AT RRYE: 1) EEAE T, A RBERREE AR = RS, AN AR IS, TR S EUE
15 AR S B R O HE A e A . 4 J5 AR IR - kSRS SR G i) O i, g — DRI 2) AfARE
Fi, OHEMSZRZH A RWEW, W AE, S AR, A O EEEE AR D
PIRRZE R “RERA” —I, KEBEHMFRRMEm, FEnGEIEZARENE, EEHNGERA5
FHLH. 3) PR L R R LEK, REAZBOIERFE N EE TR, AR XL T
I B TN R e MR A F R, (HI)RRAR B —, S SR AT DA I TS W i O R A, R I
IR ZFmRie Wi 7R

E&H
VU148 H = 24 21 Ry & TR (2020L.C0019)
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