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Electronic Fetal Monitoring: Past, Present
and Future

Electronic fetal monitoring was introduced in 1957 and has been used clinically to assess fetal well-
being and uterine contractions throughout pregnancy. The electronic fetal monitoring can detect
fetal distress early during labor and has significantly contributed to reduce fetal morbidity and
mortality. Currently, electric fetal monitoring has been accepted worldwide, at every delivery unit
and outpatient clinic in most medical centers. Although electronic fetal monitoring using Doppler
ultrasound and tocodynamometry has many advantages such as non-invasiveness and simplicity, the
accuracy of measurement varies according to maternal movement and band-holding devices give
discomfort to women during the examination. Recently, devices for intrauterine pressure measure-
ment are seldom used because of the risks of uterine rupture, infection, and placental abruption in
spite of its high accuracy. Nowadays, wireless fetal monitoring has been developed and commercially
available to compensate these limitations. Electrohysterography and fetal electrocardiogram consist
of the wireless fetal monitoring device. The device is handy and helpful in the management of high-
risk pregnancy by enabling fetal monitoring outside the hospital, even at home. It is expected that
the birth environment may become safer through the development of a monitoring system based
on artificial intelligence by improving the predictability of complicated high-risk pregnancies. This
review summarizes the past and present of electronic fetal monitoring and suggests future directions
of fetal monitoring.

Key Words: Cardiotocography, Wireless technology, Artificial intelligence
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3) EfO} A& (Fetal electrocardiogram) o] /gt WhAlot), glole] 4SS AR AH o
glol A= Bol 4] sk 17 S-S VIS W S glo® sty gl oy, Fug o] pHytvto 2
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HA5A A WA R Galaix|nl, oFuto] s E o] 9l 9ol U Algote] o Fof Tio] HA e et 228 Ank”
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A (vernix caseosa)= <13l A1 F71(¢F 28-33F)l+= A& O 8 AL gl HA o)1 u) Skl A = A A} E o} kA =] 9f
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+ HES B LAY ATE A #5353l o]
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2 Az AR Aas AR oz Ptk £ dns
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2S5 FAFH A8 Al 2=F 3 o) 9f Ak FAAIAI2=H
(central monitoring station)¢] T 7|HE] Itk o] Al ~Elo
o Saling  Efo} A& EUE e ¥ 29 Je= vehyH, glo}
https://doi.org/10.14734/PN.2021.32.4.157 159

tion the fetus)
ss8ty
g5

1) EHO} Sl ZHF
blood sampling for blood gas value)
Hlo} £ Pl g A eto] HxB h2ghg ke W
711 1962

< AR o AR 7} 238315 7]

www.e-kjp.org



Jung Y, et al. Electronic fetal monitoring: past, present and future

i}
[o

Ru’
o
°

A

dlo
o

Lo > Y28
o Y ko ot

=

Lot
ol
ol
9
=
o
nj
=
e
[>
=2
2
o
]
-
facs
L

f
ol
-
of
O
2

lo
ES

£
ke o
o

xS

oft
o
X

w [r

> do oo
1o,

n =
2

o

[o
[
=

U fo (> =

|

<

o
-

kg

o} 7

=

oll Hl fof &
g

22 o
x
_{
1o

ofN > o
o
x|
>
fru

oA
R
offl o
= on
o
o
oo M
o
>,

o o8 (o m o>
flo o_|>:,—\|l—' o

i’ﬁ\l_'o.u.;

£y

& o2 jo o
|

(0]

fru

in

=
£
[0
o
rir
jin)
o,
oo
N
-~
olf
)
o
o,

w

31

oo
K
-L-I’-

Steyn#} Odendaal™, Bracero %

1o
e
> -l
ARt

N
N
o
=] F{E
Lo 5t go

4z
i
o
=
ox
o
fru
o
=0
1o
2
_|>i
=
[e3
°
E
Az
_Vi
fah)
=]
o w30
£ F4 of >

L
o

e of
0%

=
O}ZFAIHFAL S o] &8-S u)

4
i)
1%

T oo Me
;(‘>L_:‘

-4
rO
—
=
c
=S|
-
!
3
j=n
@
—
il
=N
]
=
=
o
=
[N
o
2.
N
D
(@R
c
=i
=B
5
SN
o
=
—
[©)
o
,

flow in Europe) 1ol A= H5FE 418 53 7] ol =9
W3l Al =22 39 (ductus venosus Doppler waveform)
W3} 585 o] gato] ENFAIAS 53 vl =3o] H=A] A
HEQkeh 1 AR, QI 295 o) el A B Al S A s
RUEY A o224 AFE A4S S @] #lolke] 7hAa
E o8 o, iy =52 918 s wsh A 3 v st
A8 A=(neurological impairment)©] ¢l &4 H]&9]
Fol7F glo} T3] &3 WA o &2 A7 E ) o] ¢
29 wRke] Z4§- 7] Wlo| o] FFAMERE o
=0l 93 o] WiskE argste] Rk AHE AT Al
Ado] gl FAote v o] 3 EA 21A 4
H&S A o2 v 4= lrhar ER1E 3
A 2 &

i3
il

(

mE o> ol o> oo

8
the ol sl Ashgel Hlstel e oAl WA Hok
Ae R A Faks At B, o) 1
#0l w2 Hls 4140} o) Foll A 2 xpol 7k Yotk w7
FE B4 o g3t ek Al AeobghA Aol Hl3
of whAL 9 7] 7)) Bk 4ol A) Hele) bl 4
i 4 Fo] 1&g Aol 7k glof Bk A A g
4e A 3F M Folt DRABE, 0B ANT U A%
el A7} B

4. A 2252 "ot

Al A Ag o] F5E 7S 5 e e 57
ZZ(manual palpation), AFg 1%+ 5 A (intrauterine pressure
measurement), AF&=TEAS Z3F =3 (external tocody-

namometry), A& E(electrohysterography) 218 =3t

160 https://doi.org/10.14734/PN.2021.32.4.157

Perinatology

|\
o
oE
o
%0,
B

—_
~

° N
B

=

g2 I

>
=)

rlo

jules

. on
e to
o
Jot g9
ro
o
fr Lo
of
> B
£ o
T
s oH
X2
sy 2
Ll
ol (
—_ —_1
[

>

rlo _11_
=
ofo
o
i
N
S
M
i
N
(o
N
)
N
N
iz}
ko
o
N
&2
o
o
)
m0)
(¢}

N
-

™
_O|L
s
_|>i
ol

{1 oé 50 —1)4 o_|>_“

ro o
N o
2 O
XL
0, o
S
1
o
E
o
o
=4
i
ol
ol
>
d
o,
al
o
ol
by
lo
ot
N
N
N
N

oy
&
ot
o
>
>
Ol
ol
rir
off
2
RN
Me o
rO
L)
o,
%
)
%0,

=
N
)

P XY o

o

>

L 3o
foli -
o

o,

AL

O,

2) XF2LH

o

Q
[
03

a7] el SHEe] 2o] Hol
Wl glofok a}7] wiel Az AR}

>
ol
=
L

> Mo @
»
2y
N|
2

}o

Jo rx
Ho
o
v)
[o2
o r
off 09 I
% 4y o

o, O,
<l
T
i, 1o
o
o 2o

jine
o
N

]_

o
o
=2

) -1
Aol 7k sk, g a 2ol Aol
] 3L

A F Ao, TEATL o] 3

1> %0

O

° 2 rlr
&
fru
Y

o0 M ¥
I X
k1
s
|
Y
ol
o,
4z
il
fi
%
=}
2
i
s
=
ey

£ Ho
[
ik

)
n*)
o
o
H
.
o ©
r?L'
i)
H
)
Lo
uls
o
)
N
N
2

g = O
Ho oit d

~N
=
o
H

‘O,
=
2
[
ol
v
ok
lo
N
N
o
oy o

ol
£
i
= O
e
=)
it
ol
A
O
o,
o
ol
Ay
M ¥ 2 o

:O.l_'g
1%
i
s
o
o
ko)
rr
lo,
oy =

ZH f&q.saw

QAR B L T 3te] Ag5Fo] 9L )

o
~
B
o
ol

o] Ap&-9] Al gto] B}, gk F
whuke], 2ba 9k 5o 9
Caldeyro-Barcia®} Poseiro™s= #
= BFA R 71E3517] 98 Ae Uit
dol &l wakg o ol At Al sete, A5
ol Eenld 2 &9 (Montevideo unit) /19SS A= &
Jct. ZHPH L G AgTHes A V20 E
(baseline tone) 5% o3 o2 T7He A5 A B
T mmHg) 0.2 1A Eke] 10293 et Aba4+5 31
gk 2 2 UERd Aol o] W e] EAH o2 = 50
713bs E1E = QlaL, 75 Alel o] §A|71E 4 el W7t

glth= Aoltt. shA Rt o] 2 3k Al A ol &= B-8har, el

_‘
¢

=
=

N
4y 4o

s

www.e-kjp.org



Perinatology

oA S T vhe A2, 1 Z1uke] 1
1
=

w2 Z ot

B9 A5 AR Aol AT S BEAL
T2 7150l 7155k WA o
Ake) wulo] AAaA 24N 3, A
Aajol Ag4Fol 98 6l 71570
N EE 15-20 mmHgE 93131, 2Fg7%0]
= AP BES Ho} A4uE e 7]
of 7153 Heh o] W Al AUl
G2 A3} 2, A3 10

T
doxe o C B
W e 5 g
(=R TR
° & 4
oY iy
> ol >

o,
o
o
F]O _>‘4_‘ JIN' é EE‘ Fir

0 ol ol WE o N

}4
foh rir
N
=
2
ol
1
4
Mr g

o o2 fo K1 4y 4y =& J

Lo oM o m
)
)
ol
ol

X,
17
o3
K
9}

4
o
M
£
T
=O{='
oft
of
LR R e S

o oft

>
ol

:‘[:
o AL 2 o)A Gofof A3

% R
2
2 10 b o
BT A
0 g 2 oo
% M6 B e yo
[0
o
Y
o
ofo
ol
o
L]
2
Y
st
!
.-

Mo Doox Tofm v Ay e Ho Hv
p 5
o 1 i
T
2 - 2
- o
S %
==
o 25
=
g
o 2=
= o
- (o]
2 it
B
2
30 &>
=2 o
X i
2 =
o &y

zo =
32
o

=

N
-

4) XMZEH=
AeZHEs HAGFH R A5 dabi-o B

ste] Ag5o] 7] A4S SAsHE A W
] H7] B = N A HETAEES] BT (de
polarization)¥} A} - (repolarization) &.& WEo| X 71 4
I} 2pg el A b o s 7] dAdol
A FkY AN 27)9] AL A7
o] 7 AFE Age] 17| A== S7FsHA
A Al T8 AL e A
S

2] 2= %]

=
i
N il
ry
+
A
S

e
ox
o,
Ny
B
=

N

)
o &2 s
o, X
2= 5

lo ¥
S
N
o
o mx i 2 &

fru
)

=

D

2] &k 2= o)

N

>
=

LTFE5S 44T F don, v HGA
chalu @A ol A A-8-8hE %)= peh
ol A Apg S Al vlske] 5 A 7%
2 HEJIL, BHo g o]ojH 4= 9l AR
== S BTk Egh, vhaba) 22k 9l Ak
labor)¥} 7} E(false labor)& %3 = =
o] BAH TR B s} BYrE O ojo] At
& A AgFFAlel vlate] E7A] K&
TR 598 Aoz Ak

r

o]
= —!lm
I ol
=

oy o g9

&
>
e
)

Hoop oo (2
Y
5

RNV L
o > o

o

>
ol

k1
rr
(ol
2

4y 2
a2
s
™
of

ML

www.e-kjp.org

2021 December;32(4):157-165

5. EfOt 2L|E{Z 2| &Mt o2y

1) 2M ZLEE 717|9f 7Hat =¢
AZA R A e A A = F 7] Bl eR v

= 5 qleh V) Ee) AFEFEAS) el A BE BEAE
[e]

e R (RO U R
i
M
¥
4
(AN
)
v
_|>~_I,
il

S rl
[
fetl

A

=l
o= FE WX F A= B "ol RYE o] FEuket)
A g eloll Al Al Tl GE Healthcare2] Novii Wireless
Patch System (General Electric Company, Milwaukee, WI,
USA)¥} Philips©] Avalon Beltless Fetal Monitoring Solution
(Philips Healthcare, Amsterdam, The Netherlands)2 &F5%
22 A E o] &3k HIZG A Hob A X 2, sjol Al =g 2}

A

TR IRke 2 PR E AT S 71 7] AR S Hel 5
N ool =o' o] Fof il A E ol =S o] 83 o
ool IAHF-o] vk A AT IAES B 5 AT 9
S Sl & 5 )tk o] 71719 A2 V10 A LS
7F AbEe] mintel] @GS W= Aol Hlske], =2 AEH
AlgE Bol= HIRHE Aol A e s Al e o 9l
= HlolEE IS5 o vk Aot B3k o9 7ol A= o)
A& o]g-sto], Ykt Blolrt F ol eke RUEE F 7t
& AT ANTE Ao A sk] vitel dlolE 25 #2
stk 1Elal 54 7710l B ' fAE T Aol ds o] A

NICE (National Institute for Health and Care Excellence) 7}
o] =eklel] w2, Novii systemell thek 67] ©]/d-2] -5l
A WAl A R Tl 48759 QARES toE 1
@ A% 712 £3 2UHY B2 w0 F23

al

AQEAST} 5 QNS
o

i

2 =

5] 2]

TR 27] Il A Jak-of Aubgao} Bjofe] AlHhse]
sol A ez Ak Al Abg L E A AAF Al oF
€30 A=o WEY 7|e} Bl &(253 A )0l S| H=H, o
38 A= oA AR 182 oF €35 A== H-84 Q] Sl
Z Zol7k glrk. eyt @A Al 375 o) o] ThE k-
& WEoR AREEES Hof glo] B dAb-Eoll Al A8t

7ol Agrol ATk 2020 T Lpupole] 27k F-199]
o el dlgle] YEol el mhel, mlAE ) okl A

https://doi.org/10.14734/PN.2021.32.4.157 161



Jung Y, et al. Electronic fetal monitoring: past, present and future

A7A T 5 BB 71719 ARgell thk A3 A
& HE gl A YUY 7)7]9] Aol S A ew

2) QB K|S 7|8t L= AJAR 7HE

AG7HA = 2do)7t o8] 9 8118 arelehHA] AAIRE
Blo} RUEE-S 3o Hjo} Aluke sj'ld) 2w 55 84 @
oF gt sHA| Wk ] m X1 o] A3 3 x| 2ol & 3| A o] xfo] 7} it
AeE 7 QAL o] 2 Qlsle] 9] YA E o] Fo, o] & 553
7] YalA = Hol RUHE 9 #58 As3tste] s 1E
s}7} o] Foj A of g}, AA7HA] o] el & Abs i T A 2=F)
= A&A 07 e o] ghA|NE o 3] FAYole] o FE ATt
sk doll= Al gHA o]k, AR 7iko] Rl ¥ L Ql= XA =}
F A 2~EL 91T A 51} 4] 21 (machine learning)<- Efj o}
BUE Y] 48k AL FRE & ek

Y53 glof Ae e} Ag2g5e] Hrted g AT
= ¥ A7 W artifical neural network), A¥XE 9E w4l
(support vector machine), ¢1~E# 2] 1 Al(extreme learn-
ing machine), A} 714 &< UIE Y A(radial basis func-
tional network) @ #AY X # A E(random forest) 2} & @
AREE AL QAL A8-AQ1 WAl B 7es THOE o]FoR
o7 @A) 2535 glol RUHY ARE 7)o R glofe] 913
L("o} 7} 5)E HrkskeE HAl B dae]Fe Aol F
B AgrE AL vk AAlE o] Aol A vhekek REl ¢
255 Sl vlol BUER ' A Al v AR Elo}
B o] 7R o} AhtaZF o] oS T)E 92%-96% ©1°F 5T
F vt Rus ok 23 WAl 89S Fele] AT FHS
wAste] 27] X5 % 2AES o5t sk Y ke o] o
AoE” M HdE 7 JAOlA B 53 AT AL Eo)
EJ A& PhysioNet®] TPEHG DB (Term-Preterm Electro-
HysteroGram DataBase)E H] %3] o 2] A4-5olA 7545
HE QTR 2p g 2 E A o] 2 A S st At
e 345 o 7}0}74] |, 2pgLSEA ol vste] Apgt
Are] 54 A AgrFo A4 25 B AEE7] 4
J& 0] &3} A} FE Hrtol| Aokl AA = wAl
31‘6‘5 o] &3t AFg A E BAS E3 24k d 58 HUhe
ATl A, A 97%<] A LS 1Bt sk o), Bt
WS ol S3kar, AHd X189 A o 5 5T 5 d=A
T3 A5 o] Fof x| 3L Qe
Ogasawara 5°'¢] &to] w2 Axbeolr 4= Ax}
A S o]gete] A4S A 4 A vpA e 30+ &
449 "ot Aed A S S AT A8 2d(deep

<l

_I

(

£

al
A
&

)

ro

162  https://doi.org/10.14734/PN.2021.32.4.157

Perinatology

)

neural network model) & 4] A] Z480}¢] o 39]
%=(area under the curve)Z i 0.777H4] Z71~
gk, o} 100%°1 717+-8- ﬁi}% A7) ofrkar B
AL A A e o Q Kl

g0, M

X

¥
32 oﬁ
N

QL

b
o oo o K
e xe
o

2

Y

=

e

lo,

o x

Lz o M ki

~ [o

>

o,

Lo

BIRS

o,
~
>,
o
=
oxl
o
)
o
X
[>
i
tlo
-
o
)
o
ut
2 g
oo M 1 A 2L ro

2=
Aol A AF8Ee AAElokRIAL Blo} AR g} A
5 A%H 02 KL 5 glo] 91w DA WS fg
S, A B e Bae] u]go] olx = Aol glo]
sl Aloll 7912 aset, ofo] HtElolhAgA HUE YL 4
A A Qs 873, 1 ATE B AN Qi AR

o #4017} 2843t e,
) $2uheks ZAkgo] Astela Aol 7t u]el7) o)
EEEERRE R 5

3 317 14l W Al Al o] Z7heA 291F Qlalo] &
s v wlstel A
AeolztAlt= 1919

e

7171 FH1saL gz W ol Ul alok A Qe 4 ik ol el 7b
A ol fr2 vt o] wolx = @ AFelA 1919 AL
& gelah] gaiAte Ml Sl E A7 A8 Q1)
Aol Bashl, WA eolghAl g o] FAskst s} 2
FAolth T4 AT B ol AES AP AL 7|5
Al 3 e57] Azsiglon], #7402 uhes)vle 1%
shol Abg-2 4+ 9= o] wheEThY 199 QAo whelo
- ol 102 AL,

EE AxEelAe) AakE e AN 5 ole AR

www.e-kjp.org



Perinatology

Aol 57t ER Yonz o2 AT & Y AFAS Udu
2z Aol W st 7171 s e 1 A
2 SAsA) Bale TaX ol T4 BUHY 7% A%
Byt o), MSRAE A% 4 A EES wE gl 9
A% A dne @] AEe A, Hel AaES A
Apah Hlob AHHE W Sd g 5)8 el i@ 2
A BAG Brsiel dwsl FAcle] A% FAAL By
o] glet.

ORCID

Yun Ji Jung, https://orcid.org/0000-0001-6615-6401
Yeonseong Jeong, https://orcid.org/0000-0002-9978-6212
Young-Han Kim, https://orcid.org/0000-0003-0645-6028

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

This report was supported by Namyang award and a grant
of the Korea Health Technology R&D Project through the
Korea Health Industry Development Institute (KHIDI), funded
by the Ministry of Health & Welfare, Republic of Korea (grant
number: HI18C2016).

Authors’ Contributions
Conceptualization: YJJ, YHK; Investigation: YJJ, YJ; Project

administration: YJJ, YJ; Resources: YJJ, YJ; Writing—original
draft: YJJ, YJ; Writing—review & editing: all authors.

References

1) Vintzileos AM, Nochimson DJ, Guzman ER, Knuppel RA, Lake M, Schifrin
BS. Intrapartum electronic fetal heart rate monitoring versus inter-

www.e-kjp.org

2021 December;32(4):157-165

mittent auscultation: a meta-analysis. Obstet Gynecol 1995;85:149-55.

2) Ananth CV, Chauhan SP, Chen HY, D'Alton ME, Vintzileos AM. Electronic
fetal monitoring in the United States: temporal trends and adverse
perinatal outcomes. Obstet Gynecol 2013;121:927-33.

3) Alfirevic Z, Devane D, Gyte GM, Cuthbert A. Continuous cardiotocography
(CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment
during labour. Cochrane Database Syst Rev 2017;2: CD006066.

4) Bailey RE. Intrapartum fetal monitoring. Am Fam Physician 2009;80:
1388-96.

5) Goodlin RC. History of fetal monitoring. Am J Obstet Gynecol 1979;133:
323-52.

6) Obladen M. From "apparent death" to "birth asphyxia": a history of
blame. Pediatr Res 2018;83:403-11.

7) Lewis D, Downe S; FIGO Intrapartum Fetal Monitoring Expert Con-
sensus Panel. FIGO consensus guidelines on intrapartum fetal monitor-
ing: intermittent auscultation. Int J Gynaecol Obstet 2015;131:9-12.

8) Chez BF, Harvey MG, Harvey CJ. Intrapartum fetal monitoring: past,
present, and future. J Perinat Neonatal Nurs 2000;14:1-18.

9) Hon EH. The electronic evaluation of the fetal heart rate: preliminary
report. Am J Obstet Gynecol 1958;75:1215-30.

10) Hutson JM, Mueller-Heubach E. Diagnosis and management of intra-
partum reflex fetal heart rate changes. Clin Perinatol 1982,9:325-37.

11) Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Munson ML.
Births: final data for 2002. Natl Vital Stat Rep 2003;52:1-113.

12) Hon EH, Petrie RH. Clinical value of fetal heart rate monitoring. Clin
Obstet Gynecol 1975;18:1-23.

13) Liston R, Sawchuck D, Young D; Society of Obstetrics and Gynae-
cologists of Canada; British Columbia Perinatal Health Program. Fetal
health surveillance: antepartum and intrapartum consensus guideline.
J Obstet Gynaecol Can 2007;29(9 Suppl 4):S3-56.

14) Lee ST, Hon EH. The fetal electrocardiogram. IV. Unusual variations in
the QRS complex during labor. Am J Obstet Gynecol 1965,92:1140-8.

15) Symonds EM. On-line processing of the fetal electrocardiogram. A new
direction for fetal monitoring. J Reprod Med 1987,32:509-12.

16) van Wijngaarden WJ, James DK, Symonds EM. The fetal electrocar-
diogram. Baillieres Clin Obstet Gynaecol 1996;10:273-94.

17) Hon EH, Paul RH, Hon RW. Electronic evaluation of fetal heart rate. XI.
Description of a spiral electrode. Obstet Gynecol 1972;40:362-5.

18) Neilson JP. Fetal electrocardiogram (ECG) for fetal monitoring during
labour. Cochrane Database Syst Rev 2015;2015:CD000116.

19) Vayssiere C, Haberstich R, Sebahoun V, David E, Roth E, Langer B. Fetal
electrocardiogram ST-segment analysis and prediction of neonatal
acidosis. Int J Gynaecol Obstet 2007,97:110-4.

20) Wakai RT, Lengle JM, Leuthold AC. Transmission of electric and mag-
netic foetal cardiac signals in a case of ectopia cordis: the dominant
role of the vernix. caseosa. Phys Med Biol 2000;45:1989-95.

21) Huhn EA, Muller MI, Meyer AH, Manegold-Brauer G, Holzgreve W, Hoesli
|, et al. Quality predictors of abdominal fetal electrocardiography
recording in antenatal ambulatory and bedside settings. Fetal Diagn
Ther 2017,41:283-92.

22) Van Leeuwen P, Werner L, Hilal Z, Schiermeier S, Hatzmann W, Grone-

https://doi.org/10.14734/PN.2021.32.4.157 163



Jung Y, et al. Electronic fetal monitoring: past, present and future

meyer D. Fetal electrocardiographic measurements in the assessment
of fetal heart rate variability in the antepartum period. Physiol Meas
2014;35:441-54.

23) Belfort MA, Saade GR, Thom E, Blackwell SC, Reddy UM, Thorp JM Jr, et
al. A randomized trial of intrapartum fetal ECG ST-segment analysis. N
Engl J Med 2015;373:632-41.

24) Chandraharan E. Fetal scalp blood sampling during labour: is it a useful
diagnostic test or a historical test that no longer has a place in modern
clinical obstetrics? BJOG 2014;121:1056-60.

25) Jorgensen JS, Weber T. Fetal scalp blood sampling in labor: a review.
Acta Obstet Gynecol Scand 2014,93:548-55.

26) East CE, Leader LR, Sheehan P, Henshall NE, Colditz PB, Lau R. Intra-
partum fetal scalp lactate sampling for fetal assessment in the presence
of a non-reassuring fetal heart rate trace. Cochrane Database Syst Rev
2015;(5):.CD006174.

27) Visser GH, Ayres-de-Campos D; FIGO Intrapartum Fetal Monitoring
Expert Consensus Panel. FIGO consensus guidelines on intrapartum
fetal monitoring: adjunctive technologies. Int J Gynaecol Obstet 2015;
131:25-9.

28) Steer PJ, Kovar |, McKenzie C, Griffin M, Linsell L. Computerised analysis
of intrapartum fetal heart rate patterns and adverse outcomes in the
INFANT trial. BJOG 2019;126:1354-61.

29) Nunes |, Ayres-de-Campos D. Computer analysis of foetal monitoring
signals. Best Pract Res Clin Obstet Gynaecol 2016;30:68-78.

30) Steyn DW, Odendaal HJ. Routine or computerized cardiotocography in
severe preeclampsia? A randomized controlled trial. J Matern Fetal
Investig 1997;7:166-71.

31) Bracero LA, Morgan S, Byrne DW. Comparison of visual and com-
puterized interpretation of nonstress test results in a randomized con-
trolled trial. Am J Obstet Gynecol 1999;181(5 Pt 1):1254-8.

32) Lees CC, Marlow N, van Wassenaer-Leemhuis A, Arabin B, Bilardo CM,
Brezinka C, et al. 2 year neurodevelopmental and intermediate peri-
natal outcomes in infants with very preterm fetal growth restriction
(TRUFFLE): a randomised trial. Lancet 2015;385:2162-72.

33) Campanile M, D'Alessandro P, Della Corte L, Saccone G, Tagliaferri S,
Arduino B, et al. Intrapartum cardiotocography with and without
computer analysis: a systematic review and meta-analysis of randomiz-
ed controlled trials. J Matern Fetal Neonatal Med 2020;33:2284-90.

34) Parer JT, King T, Flanders S, Fox M, Kilpatrick SJ. Fetal acidemia and
electronic fetal heart rate patterns: is there evidence of an association?
J Matern Fetal Neonatal Med 2006;19:289-94.

35) Macones GA, Hankins GD, Spong CY, Hauth J, Moore T. The 2008
National Institute of Child Health and Human Development workshop
report on electronic fetal monitoring: update on definitions, interpre-
tation, and research guidelines. Obstet Gynecol 2008;112:661-6.

36) Lucidi RS, Chez RA, Creasy RK. The clinical use of intrauterine pressure
catheters. J Matern Fetal Med 2001;10:420-2.

37) Bakker JJ, Verhoeven CJ, Janssen PF, van Lith JM, van Oudgaarden ED,
Bloemenkamp KW, et al. Outcomes after internal versus external toco-
dynamometry for monitoring labor. N Engl J Med 2010;362:306-13.

38) Smith RP. A brief history of intrauterine pressure measurement. Acta

164  https://doi.org/10.14734/PN.2021.32.4.157

Perinatology

Obstet Gynecol Scand Suppl 1984;129:1-24.

39) Huber C, Shazly SA, Ruano R. Potential use of electrohysterography in
obstetrics: a review article. J Matern Fetal Neonatal Med 2021;34:1666-
72.

40) Buhimschi CS, Buhimschi IA, Malinow AM, Weiner CP. Intrauterine
pressure during the second stage of labor in obese women. Obstet
Gynecol 2004;103:225-30.

41) Odendaal HJ, Neves Dos Santos LM, Henry MJ. Experiments in the
measurement of intrauterine pressure. Br J Obstet Gynaecol 1976;83:
221-4.

42) Caldeyro-Barcia R, Poseiro JJ. Physiology of the uterine contraction. Clin
Obstet Gynecol 1960;3:386-410.

43) Mendez-Bauer C, Arroyo J, Garcia Ramos C, Menendez A, Lavilla M,
Izquierdo F, et al. Effects of standing position on spontaneous uterine
contractility and other aspects of labor. J Perinat Med 1975;3:89-100.

44) Arroyo J, Mendez-Bauer C. The maintenance of a stable baseline in
intra-uterine pressure with varying maternal position: a practical ap-
proach. J Perinat Med 1975;3:129-31.

45) Thijssen K, Vlemminx M, Westerhuis M, Dieleman JP, Van der Hout-Van
der Jagt MB, Oei SG. Uterine monitoring techniques from patients' and
users' perspectives. AJP Rep 2018;8:e184-91.

46) Bakker PC, Zikkenheimer M, van Geijn HP. The quality of intrapartum
uterine activity monitoring. J Perinat Med 2008;36:197-201.

47) Garfield RE, Maner WL. Physiology and electrical activity of uterine
contractions. Semin Cell Dev Biol 2007;18:289-95.

48) Lucovnik M, Kuon RJ, Chambliss LR, Maner WL, Shi SQ, Shi L, et al. Use of
uterine electromyography to diagnose term and preterm labor. Acta
Obstet Gynecol Scand 2011;90:150-7.

49) Garcia-Casado J, Ye-Lin Y, Prats-Boluda G, Mas-Cabo J, Alberola-Rubio J,
Perales A. Electrohysterography in the diagnosis of preterm birth: a
review. Physiol Meas 2018;39:02TR01.

50) Euliano TY, Nguyen MT, Marossero D, Edwards RK. Monitoring contrac-
tions in obese parturients: electrohysterography compared with tradi-
tional monitoring. Obstet Gynecol 2007;109:1136-40.

51) Fele-Zorz G, Kavsek G, Novak-Antolic Z, Jager F. A comparison of various
linear and non-linear signal processing techniques to separate uterine
EMG records of term and pre-term delivery groups. Med Biol Eng
Comput 2008;46:911-22.

52) Schlembach D, Maner WL, Garfield RE, Maul H. Monitoring the progress
of pregnancy and labor using electromyography. Eur J Obstet Gynecol
Reprod Biol 2009;144 Suppl 1:533-9.

53) Sikora J, Matonia A, Czabanski R, Horoba K, Jezewski J, Kupka T. Recogni-
tion of premature threatening labour symptoms from bioelectrical
uterine activity signals. Arch Perinat Med 2011;17:97-103.

54) Knupp RJ, Andrews WW, Tita A. The future of electronic fetal monitoring.
Best Pract Res Clin Obstet Gynaecol 2020,67:44-52.

55) National Institute for Health and Care Excellence (NICE). Novii Wireless
Patch System for maternal and fetal monitoring. NICE Medtech innova-
tion briefing [Internet]. NICE; 2020 Sep 23 [cited 2020 Sep 23]. Available
from: https.//www.nice.org.uk/advice/mib228/resources/novii-wireless-
patch-system-for-maternal-and-fetal-monitoring-pdf-22859655187

www.e-kjp.org


https://www.nice.org.uk/advice/mib228/resources/novii-wireless-patch-system-for-maternal-and-fetal-monitoring-pdf-2285965518732997
https://www.nice.org.uk/advice/mib228/resources/novii-wireless-patch-system-for-maternal-and-fetal-monitoring-pdf-2285965518732997

Perinatology

32997.

56) US. Food and Drug Administration (FDA). Enforcement policy for non-
invasive fetal and maternal monitoring devices used to support patient
monitoring during the coronavirus disease 2019 (COVID-19) public
health emergency [Internet]. Rockville: FDA; 2020 Jun 17 [cited 2020
Jun 17]. Available from: https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/enforcement-policy-non-invasive-
fetal-and-maternal-monitoring-devices-used-support-patient.

57) Comert Z, Kocamaz A. Comparison of machine learning techniques for
fetal heart rate classification. Acta Phys Pol A 2017;132:451-4.

58) Hoodbhoy Z, Noman M, Shafique A, Nasim A, Chowdhury D, Hasan B.
Use of machine learning algorithms for prediction of fetal risk using
cardiotocographic data. Int J Appl Basic Med Res 2019;9:226-30.

59) Iftikhar P, Kuijpers MV, Khayyat A, Iftikhar A, DeGouvia De Sa M. Artificial
intelligence: a new paradigm in obstetrics and gynecology research
and clinical practice. Cureus 2020;12:e7124.

60) Goldberger AL, Amaral LA, Glass L, Hausdorff JM, lvanov PC, Mark RG, et

www.e-kjp.org

2021 December;32(4):157-165

al. PhysioBank, PhysioToolkit, and PhysioNet: components of a new
research resource for complex physiologic signals. Circulation 2000;101:
£215-20.

61) Fergus P Cheung P, Hussain A, Al-Jumeily D, Dobbins C, Iram S.

Prediction of preterm deliveries from EHG signals using machine learn-
ing. PLoS One 2013;8:e77154.

62) Delanerolle G, Yang X, Shetty S, Raymont V, Shetty A, Phiri P, et al. Artifi-

cial intelligence: a rapid case for advancement in the personalization of
Gynaecology/Obstetric and Mental Health care. Womens Health (Lond)
2021;17:17455065211018111.

63) Fergus P, Selvaraj M, Chalmers C. Machine learning ensemble modelling

to classify caesarean section and vaginal delivery types using Cardioto-
cography traces. Comput Biol Med 2018;93:7-16.

64) Ogasawara J, lkenoue S, Yamamoto H, Sato M, Kasuga Y, Mitsukura Y, et

al. Deep neural network-based classification of cardiotocograms out-
performed conventional algorithms. Sci Rep 2021;11:13367.

https://doi.org/10.14734/PN.2021.32.4.157 165


https://www.nice.org.uk/advice/mib228/resources/novii-wireless-patch-system-for-maternal-and-fetal-monitoring-pdf-2285965518732997
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enforcement-policy-non-invasive-fetal-and-maternal-monitoring-devices-used-support-patient
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enforcement-policy-non-invasive-fetal-and-maternal-monitoring-devices-used-support-patient
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/enforcement-policy-non-invasive-fetal-and-maternal-monitoring-devices-used-support-patient

