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AHAQXH XYTTPA®EA AITTAQMATIKHY EPTAXIAX

H xétot vroyeypappévn Touwmovpa Awatepivny tov T'ewpyiov, pe apBpd
untpoov 20069  goutntpia Tov Ilpoypdupoatoc MeTtamtuyloK®v Xmovdnv
[Tponyuévn ko Texunpropévn Matevtiky @povtido tov Tunpatog Matevtikng
g Zyog Emayyelpdtov Yyelag ko IIpovorag tov IMavemomuiov Avtikng
ATTIKNG, INADVED OTL:
«Eipot cuyypapéag avtng e LETOTTUYLOKNG epyaciag Kot 6Tt Kabe BonBeta tnv
omoio. €iyo Yyl TNV WPOETOWAGio NG, &ivol TANPOC OVOYVOPIGUEVT Kot
avaeepetor otnv gpyacio. Exiong, ol Omoleg mnyéc and Tig omoieg Exava ypron
JedOUEVMV, 10e®V N AEEEWV, €1TE OKPIPDG E1TE TAPAPPAGUEVES, OVOPEPOVTOL GTO
GUVOAO TOVG, PE TANPN OVOPOPE GTOVG GLYYPOPELS, TOV €KOOTIKO Oiko 1 TO
TEPLOOIKO,  GUUTEPIAOUPOVOUEVOV  KOL  TOV  TNYOV OV  EVOEYOUEVMG
ypnooromdnkav amd 1o dradiktvo. Eniong, Befardvem 6tL avth 1 epyacio Exet
oLYYPAPEL OO PEVO ATOKAEIGTIKA KO ATOTEAEL TPOIOV TVELUOTIKNG 1010KTNGI0G
1660 S1KNG Hov, 660 Kot Tov [dpvuaToc.
[Mopdapaocm e avoTépm aKadNUAikNg oL BN g amotelel ovGLOdN AdYO Yo
TNV OVAKANGN TOL TTVYIOV LoV,
*EmiBoucd v omxayopevon Ipoofacns oto TANPES KEWWEVO THS EPYATLAS OV UEYPL
. Kou émerta. amo aitnon pov oty BiflioOnkn kou éyxpion tov
emprémovra kaOnynt.

H AnAovca

* TowmwoOpa Awkatepivi)/ @ortitpro METARTUYLOKOV ZTOVI OV

* Eav kdmo1og emOoucl anayopeven apocfocns oty Epyacio yla ypoviké OldeTHHA
6-12 unvov (embargo), Qo mpimer va vmoypdwel ynelaxd o/f empiénwv/ovea
KaOnynTIS/TpIa, Yo va YvWETOTOIEL 0TI VAl EVRUEPWUEVOS/Y Kal cvovaivel, Ot L6yol
XPOVIKOU ATOKAEIGUOD TTPOGHAGHS TTEPIYPAPOVTAL AVAIVTIKG 6TIS TOMTIKES Tov 1. A.
(o€l 6):

https://www.uniwa.gr/wp-
content/uploads/2021/01/%CE%A0%CE%BF%CE%BB%CE%B9%CF%84%CE%B9%CE%BA%CE%B5%CC%81%
CF%82_%CE%99%CE%B4%CF%81%CF%85%CE%BC%CE%B1%CF%84%CE%B9%CE%BA%CE%BF%CF%35
%CC%81_%CE%91%CF%80%CE%BF%CE%B8%CE%B5%CF%84%CE%B7%CF%81%CE%B9%CC%81%CE%B
F%CF%85_final.pdf

MAAA, Tunuoa Mateutikng, AumAwuartikn Epyacia, Toutoupa Atkatepivn



Evyapioticg

Oa nbelo va evyopiotnom v empAémovoa kabnyntpia ko I ovpoovey yia v ayoyn

OVVEPYATLO. KoL THV 6WOTH KoBoONYNan mov 1Hov TOPELYE MOTE Vo. YIVEL UL0. GWTTH KOl
0LOKANPOUEVH OITADUATIKY EPYATILOL.

Aev Qo umopodoo. va mopafléym kot va uny evxopioTio® tov ad{vyo Hov Tov UE
DITOTTHPIEE VOL CVVEYITW TNV EPYATIO LUOD.
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[Hepiinyn

Ewayoyn: To xapdrotokoypdonuo (KTT) amoterel éva Pfacticd Kot E0pEMS YPNCUYLOTOLOVUEVO
gpyoreio yio v a&lohdynon tov Kohdg €xev”’ tov gufpvov. H kdpla dvokorio otnv
eppnveia tov KTT givon n vroketpevikdmra tov tapatmpntov. H petafintdmmra petad tovg
elvar yapaxtmpiotikn] yuo v gpunveio tov KTT. Mo moAAd vrooydpevn amdvinon yo ™
peimon  avtig g petaPfAntotnrag PeTa&d TOV TOPATNPNTOV V0L 1 CUTOLOTOTOUNUEVN
avéivon tov Epppuikod Kapdiakod PuBupod (EKP) pe v yp1ion Aoyiskdy Tpoypopidtmy.
Emmpocbitmg, 1 avtopatomompévn aviilvon copPdiier ot peioon TV SVCUEVDV
TEPLYEVVITIKAOV OTOTEAEGUATOV o UNTEPO Kot EuPpvo. Xkomog: O otoOX0g aVTAC NG
GUGTNUOTIKNG OVOGKOTTNGNG NTavV 1) GUYKPLoT TNG GLUUPBATIKNG KoLl TG OVTOUOTOTOUNULEVNG
avéivong tov KTT, yia va damiotmBel edv 1 avtopatomrompévn avaivon tov KTT oyetiCeton
pe kaAvtepa meptyevvnTikd anoteAéspota. MéBodor: Amo tov Mdwo émg Tov Iodvio Tov 2023
wpoypatomoOnke avaltnon oe Tpels NAekTpoviké Bacelg dedopévmv mov oyetilovtal e v
wzpikn (PubMed, Scopus, Cochrane), mpokeyévov va fpebovv Tuyatomompéves eAeyyOUEVES
doxpég (RCT) oty ayyhkn yYAdooa. Ot peréteg a&lohoyndnkoy yio. v HeBodoA0YIKN TOVG
mowTTO pe TV ypnom g Alotag eAéyyov CONSORT. O mAnBucudc-otoxog fTay £YKVEG
YOVOIKEG 1] YOVOIKEC O TOKETO VIO KAPALOTOKOYPAPIKN TopakoriovOnon. H mapéufaon ftav n
ontikn ovéivon tov KTT kon n mapéufacn cOykplong ftay 1 dVTOUATOTOMUEVT AVAADGT] TOL
KTT. Z11c exPdoeig cvpunepthapfévovtor SUGHEVT] TEPLYEVVNTIKA OTOTEAEGUATO OTIMG TOGOGTA
KOLGOPIKOV TOUMV, EMEUPATIKOV KOATIKAOV TOKETAOV, gUPpuikng vmoiag, €ouywyés o€
VEOYVIKT Lovada Kot younAng Babuoioyiog Apgar tov veoyvav. Amoteréopara: Eetdotnkoy
cuvolkd 47 peléteg oyetikés pe o BEpa, WGTO00 HOVO TEVTE TANPOLGOY OAL T KPLTHPLOL
évtaéng. Téooepig omd avtég Tig pehéteg £0€1£av OTL 1] AVTOUATOTOMUEVT] OVAALGT) SEV PAVIIKE
vo. GUUPAAAEL GE OMNUOVTIKY WEI®ON TOL TOGOGTOD UETAROAKNG 0EEMOMNG 1 HOIELTIKOV
TOPEUPACEDVY, EKTOG GO L0 LEAET TTOV QAVIKE VO £XEL YOUNAOTEPO TOGOGTO AVETIOOUNTOV
neplyevvnNTIKOV ekPdoemv oe oyéomn pe v ocvuPatikny KTT (ue Aqym eufpuikod aipotog).
Qo1660, OLEG Ol OVAGKOTNGELS TPOTEIVOLV TEPULTEP® AVATTLEN AOYIGLUK®OV TPOYPUUUATOV
mov Ba PonBovv Tovg EO1KOVG GTNV ANYTN COGTAOV ATOPACEDY KOl TEPIGCOTEPOV UEAETOV
(RCTs) peyardtepnc kMpoxag oto pédhov. Xvpmepaocporo: H avtopatomompévn avéivon
tov EKP eivorl pior moAld vooyouevn A0on yuo tn Hel®oT ToV SUGUEVOV TEPLYEVVITIKMV
exPaoemv ko v e€dAetyn ¢ LETOPANTOTNTOC LETAED TOPATNPNTMV.

AéEarc-khadna: CTG, epPpuikn mapakorovOnor, avdAvon VITOAOYIOTY, CUTOUATOTOUEVT
avAALGT, TEPLYEVVITIKG OTOTEAEGUATO.
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Abstract

Introduction: Cardiotocography (CTG) constitute a major and generally used tool for
assessment of the fetal well-being. The main difficulty in the interpretation of the CTG is the
subjectivity. Inter and intra observer variability are substantival features of the interpretation of
CTGs. An auspicious answer for reduction of inter and intra observer variability is the
computerised analysis of Fetal Heart Rate (FHR). Moreover, computerised analysis contributes
to the reduction of adverse maternal and fetal outcomes. Objective: The aim of this review was
to compare visual and computerised analysis of CTG, for establishing whether computerized
CTG is related with better perinatal outcomes. Materials and Methods: Three electronic
medical related databases (PubMed, Scopus, Cochrane) were searched from May to June 2023
in order to find randomized control trials (RCTs) in English. Studies were evaluated for
methodological quality with the CONSORT checklist. The target population was pregnant or
intrapartum women into cardiotocographic monitoring. Intervention was the visual analysis of
the CTG, and the comparison intervention was the computerized analysis of the CTG. Primary
outcomes included adverse perinatal outcomes. Results: A total of 47 studies relevant with the
topic were examined, however only five articles met all the inclusion and methodological
criteria. Four of these studies demonstrated that computerized analysis had no significant
reduction in the rate of metabolic acidosis or obstetric interventions, except one study found a
lower incidence of adverse perinatal outcome compared to conventional CTG (with fetal blood
sampling). However, all reviews propose further development of decision-support software and
more large-scale RCT’s in the future. Conclusion: The computerised analysis of FHR is a
promising solution for the reduction of adverse perinatal outcomes and the elimination of the
inter-observer and intra-observer variability.

Keywords: CTG, fetal monitoring, computer analysis, computerised analysis, perinatal
outcomes.
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FENIKO MEPO2
Background

Me v mépodo twv xpovev, n a&tordoynon tov EKP katd t didpkeia g eyKuposvvng
KOLL TOV TOKETOV OMOTEAEGE TPMTAPYIKO EVOLAPEPOV Y10 TOVS HOLEVTHPEG KO TG LOAES.
H npcdtn mpoomdbeia akpdaong tov EKP tav 1o 1895, détav évag I'ddhog patevtpag,
o Adolphe Pinard, oyediace to gufpvockdmio Pinard. "Yotepa and 40 £ €pgvvag g
WOTPIKNG UNYXOVIKAG ovomTOXONKE 0 GUYXPOVOG KOPIOTOKOYPAPOS. XTO TEAN NG
dekoetiog tov '60, to kapdiotokoypdenua (KTL) eonydn yio mpdtn @opd o1
potevtikn epovtida (1). To KTT, givon éva pun mapepfotikd Kot E0KOAO 6Ty (p1on Tov
gpyoreio, mov pag mapéyel pa TonTdYpovn tapovciocn tov EKP kot tov cuctolmv
™¢ uTpag (2). Mmopel va vapyovv maparrayéc wg mpog v xpnon tov KTT, émwg
dwdeimovca akpOaoN EUPPLIKOV TOAUMOY 1 cLVEXN KAPSIOTOKOYPOUPia, ECOTEPIKN 1
e€mTePIKN  KapdloTOKOYpOQPio. XtV KAMVIKY 7Tpdcn, 1 evnuepio tov  guPpvov
avayvopiletor pe v ontikn avaivon tov KTI. H a&oddynon tov eivor {oTikng
onpaciog, enewdn dev avrikatontpilelt HOVO TN GLUUTEPLPOPE TOV KOPOLALYYELLKOD
GLGTNWATOG, AAAG popel emiong va TapEYEL EUUETES TANPOPOPIES Y1 TNV KATAGTAGT
00 Avtovopov Nevpikod Xvothuatog (ANX), 10 omoio gAéyyel TOLG KIPKASIOVS
puOuroveg Kot evdeiEelg yoo T vevpikn avdmtuén tov guPpvov. Emmiéov, katd
SLgpKELD TOV TOKETOV, Umopet va fondnoet 6tov eviomiopod g epfpuikng vro&iag (2).

To 1986, n Atebvic Opoomovdia IMvvarkoroyiag kot Matevtikng (FIGO) avérntuée ta
Bacwd mpotdékorra yia v arocoaervion tov KT, pe Baon tic arhayég tov EKP
OLOYETILOUEVEG LE TIG GUOTOAEG TNG UNTPOG. AVTA TO TPMOTOKOAAN TEPLAAUPAvVOLY
TOPOUETPOVG Omwg M Pocikny ypopun, 1 UETAPANTOTNTO, Ol EMTOYVVOELS, Ol
emPpadvvoelg ko to nutovoewés potifo (3). T'a va a&oroynBovv to vdpyovta
npotokoAla epunveiog tov EKP, mpaypatomombnkav cOyypoveg GULGTNUOTIKEG
avaokomoelg (4, 5). Ilapdro mov vapyovy KAvikEG KatevBuvtnpieg odnyieg yo v
Tapoyn £voc mAauciov agloAdynong kot dtayeiptong tov kataypap®v tov KTT evtog
Tov T0KETOV (6), M OWTIKN OvOALON TOL VROKEITOL GE JSPOpPEG UETALD TV
TOPATNPNTOV OC TPOG TNV EKTIUNGCT TOLG. AVTN 1 deKOpavVoT UTopel va ovéNGet
GLYVOTNTO TOV UM OTAPOITNTOV ENEUPATIKOV KOATIKOV TOKETOV Kol TOV KOIGUPIKOV
Top®v (2, 7, 8). Mia mpotevopevn Aon ylo TV QVTILETAOTICT TOL {NTHHATOG NTaV M
avATTLEN YNOLOKOV cLoTNUATOV oV Bacilovtal 6€ VTOAOYIGTES. QG €K TOVTOV, £XOVV
avantuydel modrol adydpiBpot yuo v avaivor tov KTT mov mapéyovv a&idmotes Ko
YPNOLES 00MYieC avAALGNG TOL KOl €YOVV MG ATOTEAECUA TNV EEAAEWYT QVTNG TNG
petafAnTotTTag HETAED EOIKMV (2).

>t oexoetio Tov 1980, o1 gpeuVNTEG OMOVPYNGOAV TO TPAOTO TPOYPELLATO LE TN
Bonbeta vworoyiot| mov umopovoav vo avardbcovy avtopata to. onpato tov KTT
TOPATNPOVTOG SNUAdI0 EUPPLIKNG LTO&inG KOTA TOV TOKETO. AVTA TOL GLCTNHLOTA TOV
YPNOUOTOLOVVTOL OTNV KMVIKN TPOaKTIKN onpepa Bacilovtal Kupiwg oTa TpOTOKOALN
tov FIGO. O1 Dawes ka1 Redman toav ot mpdtol mov mapovsioacav £vo ToAAN
VTOGYOUEVO UNYAVOYPAPNUEVO chotnue. avaivong Tn oekaetio tov 1980. Xtn
oLVEXEWN, OVOTTTUYONKAY GAAD MAEKTPOVIKO GUCTAUHOTO HE OYETIKN HeBOSOAOYIKN
Baon, 60nmwg 10 cvomue Omniview-SisPorto mov avartdiydnke and tovg Ayres-de-
Campos et al. to 1998 mov meprhapuPdvel €vav TOCOTIKO UETACYNUOTIOUO TOV
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ovotacemv TG FIGO. Avto 1o chotnua eEgriynke pe v Tapodo Twv xpovmv, Le TV
mo tpoceatn Ekdoon Vv SisPorto 4.0 o 2017. Tnv 1610 ypovoroyia, ot Georgieva et
al. dnpocicvoayv éva véo avotnua (OxSys), 10 onoio BacileTon og pio Ldvo TapAUETPO,
TIG emPpaddvoelg Kot TopEYEL E00MOMOCEL GE MPAYUATIKO YPOVO Y10, TOVG
enayyelpatieg vyeiog (9).
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EIAIKO MEPOX

INTRODUCTION

Over the years, evaluation of the fetal heart rate (FHR) during pregnancy and labor has
been of primary interest for obstetricians and midwives. The first attempt to hear the
FHR was in 1895, when a French obstetrician, Adolphe Pinard, designed the Pinard
horn-fetoscope. Since then, in late 60’s, the cardiotocogram (CTG) was first introduced
into maternity care (1). CTG, which is a non-operative and undemanding tool, provides
us a coincident presentation of FHR and contractions of the uterus with the use of an
ultrasound sensor located on the woman’s abdomen (2). In clinical practice, the well-
being of the fetus is recognized with visual analysis of the CTG. In 1986, International
Federation of Gynecology and Obstetrics (FIGO) elaborated the primary general
criteria for elucidation of CTG based on changes of FHR in relation to contraction. This
interpretation includes parameters such as baseline, variability, accelerations,
decelerations, and the sinusoidal pattern. Thereon, criteria have been altered and
improved (3). Recent systematic reviews were conducted to compare existing CTG
interpretation guidelines (4, 5). Even though there are clinical guidelines to provide a
framework for evaluation and management of intrapartum fetal monitoring patterns (6),
the visual analysis of FHR is subject to inter-observer and intra-observer variability.
This variability can increase frequency of unnecessary operative vaginal births and
cesarean deliveries (2, 7, 8). Therefore, many algorithms have been developed for the
analysis of CTG and educe reliable and useful information to use as a guide to eliminate
this variability through experts (2).

In 1980s, researchers created the first computer-assisted programs which could
automatically analyze the signals of the CTG noticing signs of fetal hypoxia through
labor. Those systems used in clinical practice nowadays are mainly based on FIGO's
classification. FIGO’s characteristics such as baseline, accelerations, decelerations, and
variability were the groundwork for the construction of manageable rules to build
proper signs of fetal hypoxia.

Dawes and Redman were the first to present a very promising computerized analysis
system in the 1980s. The system is mostly based on features like the ones defined in
FIGO's classification. Thereafter, other computerised systems with relevant
methodologic basis were developed such as the Omniview-SisPorto system (Speculum
S.A., Portugal) developed by Ayres-de-Campos et al. in 1998 that includes a numerical
transformation of the FIGO’s recommendations. This system developed over the years
with the most recent version named SisPorto 4.0 in 2017. Recently, in 2017 Georgieva
et al. published the OxSys system, which is primarily based on a single parameter,
decelerations. Moreover, this system had real- time alerts for health professionals (9).

AlM

The aim of the present systematic review was to explore the available literature for
comparing conventional analysis of CTG and computerised analysis of CTG in terms
of better perinatal outcomes.

METHODS
Search strategy
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A systematic review of electronic databases concerning medical care (PubMed-
Medline, Scopus, and the Cochrane Library) was conducted from May to June 2023.
The PubMed-Medline search terms were used according to PICO acronym as they are
shown in Table 1. Search terms were customized to be suitable for each database.

In order to identify researches which had not raised from the primary search, we further
investigated the reference lists of studies from the initial search. Two authors carried
out the data collection and analysis at the same time.

Study selection

Inclusion criteria for eligible studies were the following:

. Target population: Pregnant or intrapartum women into cardiotocographic
monitoring

. Intervention: Visual analysis of the CTG (conventional CTG)

. Comparison intervention: Computerised analysis of the CTG

. Outcomes: Perinatal outcomes (maternal and neonatal) such as cesarian section,

operative vaginal delivery, fetal hypoxia, admissions to neonatal unit, and low Apgar
score

. Study design: Randomized control trials (RCTs), English language
Quality assessment of included studies

Selected trials that met the inclusion criteria were evaluated for their reporting clarity
by using the CONSORT statement. The CONSORT statement is a validated checklist
consisting of 25 items (10). A presence of each item was recorded using Yes/No after
reading the full text. We considered the CONSORT compliance rates as high
compliance when they were higher than 85%, moderate compliance when they were
between 70%-85% and low compliance when they were lower than 70%.

RESULTS

The initial search generated 47 studies. Titles and abstracts were examined for relevance
to the aim of the present study. After screening, 2 studies were rejected as duplicates
and 40 studies did not meet the inclusion criteria. Finally, only five studies were eligible
for inclusion. This systematic review is comprised of the five remaining studies, data
from these studies were analyzed and assessed for methodological quality. A flow
diagram that illustrates the filtering process in the article is shown in Figure 1. The five
studies that were eligible for inclusion, were also methodologically suitable. The
characteristics and results of studies included are shown in Table 2.

The study by Ignatov and colleagues (11) is a RCT which conducted in Bulgaria in
2016 and aimed to evaluate the effectiveness of a computerized decision support system
to reduce adverse perinatal outcomes compared to a conventional CTG. The sample of
this study included 720 women in active labor, 360 women were randomized to the
intervention group and 360 women were randomized to the control group. The
intervention was a computerised decision support system that could calculate predicted
pH values. In the control group, CTG traces were evaluated by clinicians according to
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International Federation of Gynecology and Obstetrics (FIGO) guidelines and when an
abnormal CTG trace presented it was performed a fetal blood sampling. After birth,
blood gases were measured in all newborns in both study groups. Primary outcomes
were hypoxia, acidemia, cesarean section, and use of forceps. Low Apgar score,
newborn seizures, and admission to the neonatal intensive care unit (NICU) composed
the secondary outcomes. The incidence of adverse perinatal outcomes was lower among
women who were allocated to the intervention group compared to the women who were
monitoring using the conventional with fetal blood sampling. More specifically, the
above study support that there was a noteworthy reduction in fetal hypoxia, acidemia,
cesarean section rate and admission to the NICU. The study by Ignatov et al. achieved
moderate compliance to CONSORT checklist with almost 73% agreement.

The study by Nunes et al. (12) is a RCT which conducted in UK in 2017. The objective
of the trial was to identify whether computerised analysis of the intrapartum CTG and
real-time alerts can contribute to the reduction of obstetric intervention and/or neonatal
metabolic acidosis when compared to conventional CTG. Nunes et al. studied 7.730
women in active labor (but not in active second stage) and 3.961 of them allocated to
the computer CTG analysis and real-time alerts and the rest 3.769 allocated to visual
analysis. Women randomized to the intervention arm had continuous CTG with
computer analysis and real-time alerts in a central monitoring station. Women
randomized to the control arm had continuous CTG, displayed in the same central
monitoring station but without computer analysis or alerts. Primary outcome was
incidence of newborn metabolic acidosis and secondary outcomes included operative
delivery, low Apgar score, admission to neonatal intensive care unit, hypoxic—ischemic
encephalopathy, and perinatal death. No significantly reduction of the rate of metabolic
acidosis or obstetric intervention was found in the study arm. The authors proposed that
continued refinement of interpretation algorithms may be required in the future. The
study by Nunes et al. presented moderate compliance to CONSORT checklist with 81%
agreement.

The study by Brocklehurst et al. (13) is a large RCT which conducted in UK and Ireland
in 2017. The aim of the trial was to determine whether the help of a decision-support
software in the analysis of CTG reflected the number of poor neonatal outcomes.
Brocklehurst et al. studied 46.042 women (22.987 in the decision-support group and
23.055 in the no-decision-support group). Primary and secondary outcomes were
separated to short term and long term. Adverse neonatal outcomes such as significant
morbidity, death, and admission to neonatal care unit within 2 days after birth were the
primary short term outcomes. Developmental progress at 2 years of age was related
with long term outcomes. Secondary short-term outcomes related with neonatal
(intrapartum stillbirth, low Apgar, seizures) and maternal (operative delivery, admission
to higher level of care) and long-term outcomes related with infant such as vocabulary
subscale, late deaths up to 2 years, major disability, and breastfeeding. No difference
noted in the incidence of poor neonatal outcomes and to developmental assessment at
the age of 2 years between the groups. The authors proposed that further development
of decision-support software could improve assistance of the system provides to
clinicians to change the outcomes. The study by Brocklehurst et al. showed high
compliance to CONSORT checklist with almost 86% agreement.
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The study by Saccone et al. (14) is a RCT conducted in Italy in 2021 that studied
whether antenatal computerised analysis of CTG increase the rate of cesarean section
in women with high-risk gestations. Saccone et al. researched 28 high-risk pregnancies.
Women were divided into two groups (14 to control group and 14 were randomized to
the intervention group). Women randomized to the computerised CTG arm had
antenatal CTG with computerized analysis and real-time alerts in a central monitoring
station. The CTG was connected to a system that analyzed parameters including
baseline of FHR and short-term variability (STV). Women randomized to the control
arm had antenatal CTG with standard non stress test (NST) with visual analysis and
real-time alerts. Primary outcome was the incidence of cesarean delivery and secondary
outcomes were preterm birth, gestational age at delivery, and neonatal outcomes such
as birthweight, Apgar score, admission to the neonatal intensive care unit, and neonatal
death. The result of the study was that the use of computerised CTG did not show a
significant rise in cesarean delivery compared with standard CTG. As for secondary
outcomes, there were no significant differences between groups in preterm birth,
gestational age at delivery, Apgar score, and birth weight. No neonatal deaths were
reported in the study population. The study by Saccone et al. achieved moderate
compliance according to CONSORT checklist with almost 78% agreement.

Lastly, the study by Schroeder E. et al. in 2021 (15) is a cost-consequence analysis of
individual patient data from the INFANT study, a large RCT-previously referred as the
study by Brocklehurst et al. in 2017(13), which took place in maternity units in UK and
Ireland. The objective was an economic evaluation of computerised analysis of CTG
intrapartum. As in INFANT trial, 46.042 women and 46.614 infants were researched,
and the intervention was the use of a computerised analysis support system. Statistics
about unit costs were selected from national sources (Personal Social Services Research
Unit, National Health Service-NHS Reference costs). The overall costs at 2 years after
labor evaluated by combining charges from postpartum discharge to 1 year and 1-2
years after. Primary outcomes were number of poor neonatal outcomes or neonatal
morbidity, developmental assessment at the age of 2 years, mean cost per mother and
newborn from birth to hospital discharge and from then to 2 years follow up and
assessment of maternal health related quality of life at 1 and 2 years follow up. No
remarkable differences were found among intervention and control group in none of
the primary outcomes; clinical or economical. The reviewers concluded that the use of
computerised analysis intrapartum did not lead to additional maternal or neonatal
benefit and to additional costs or savings to the NHS. The study by Schroeder E. et al.
achieved moderate compliance according to CONSORT checklist with almost 84%
agreement.

DISCUSSION

The purpose of this review is to compare visual and computerised analysis of CTG in
terms of better perinatal outcomes, such as caesarian section, operative vaginal delivery,
fetal hypoxia, admissions to neonatal unit, and low Apgar. Furthermore, variability
through experts’ and clinicians’ interpretations was an additional reason to examine.

In recent decades, CTG has remained the main method for screening the well-being of
the fetus. Since 1895 until today, a rapid progress has been made to analyze the CTG
signals for fetal hypoxia. Many studies are related with the analysis of the CTG and the
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way to analyze it and confirm the well-being of the fetus. The main difficulty in the
interpretation of the CTG is the subjectivity. Inter and intra observer variability are
substantival features of the interpretation of CTGs. Variation in the interpretation of
visual analysis of CTG was reviewed by several researchers. By way of illustration,
Devane and colloquies in 2005 (16), examined intra and inter observer agreement in
midwives’ visual interpretations of intrapartum CTGs. Additionally, Bernardes and
colleagues in 1997 (17), evaluated interobserver agreement in visual analysis by three
expert obstetricians, and Amadori and colleagues, in 2022 (18), evaluated intra and inter
operator agreement both midwives and obstetricians in CTG and whether their
educational background influenced the result. All the above studies demonstrated the
need to develop non-invasive methods of CTG assessment in childbirth. In particular,
Bernardes et al. and Amadori et al. proposed electronic analysis of CTG as a suitable
solution to eliminate inter-observer and intra-observer variability.

Towards this direction, several studies reviewed the contribution of computerised
analysis to CTG’s optimal interpretation. The findings of this systematic review of
relevant studies have shown that computerized CTG, has not significantly reduced the
rate of metabolic acidosis or obstetric intervention. Only, one study by Ignatov et al. in
2016 (11) had shown a lower incidence of adverse perinatal outcomes with the
computerised decision support system that could calculate predicted pH values.

However, it is worthwhile to mention a prospective review which conducted by Costa
and colleagues in 2010 (19). The above study examined how the use of computerised
analysis of CTG altered experts’ prediction of umbilical artery blood (UAB) pH and
Apgar score in first 5 minutes from birth. The total number of CTG tracings were
randomised to the intervention arm, which had a computer analysis system support and
to the control arm, which were without support of computer analysis system. All
tracings were evaluated independently by three experts. Those experts had to predict
the UAB pH of newborns and 5-minute Apgar. It was found that when clinicians had
access to computerised analysis of the CTG tracings they had significantly higher
agreement and accuracy in prediction of UAB pH. There were also seen in the
intervention arm an increased interobserver agreement in prediction of 5-minute Apgar,
but not too high to reach statistical significance. The authors identified that experts’
previous experience with the system may made an impact to the results.

Although, the summation of this review proposes further development of decision-
support software and more large-scale RCT’s in the future. RCT’s with larger amount
of sample size should be conducted to have more statistically remarkable results.

The strength of this research is that it is a contemporary review, that was conducted
between April until June 2023. The included studies are recent, with publication dates
from 2016 to 2021. However, there are some limitations about this systematic review.
There are only 5 studies eligible for inclusion to the review and the included studies
have restrictions such as small sample size, long recruitment period and reproducibility
among countries may be challenging.
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CONCLUSION

In this systematic review, we established a recent and thorough search of the existing
data that compare visual and computerised analysis of CTG for assessing which method
is related to better perinatal outcomes. According to our results, we found no significant
difference between interventions, in contrast to our initial hypothesis.

The computerized analysis of FHR is a promising solution for reduction of adverse
perinatal outcomes and the elimination of variability through experts’ opinions. The
technology will help reduce disputes between experts and provide a more reliable
solution. The combination of experts and computer systems seems to be the best option.
Finally, further large-scale randomized control trials comparing cardiotocography with
or without computerised analysis could be useful for the development of optimal
strategies in daily clinical practice.

Conflict of interest: none declared.
Financial support: none declared.

Table 1. Search terms used in the study according to the PICO acronym

Population Intervention Comparison Outcomes
Intervention
pregnancy AND CTG AND computer AND newborn
OR OR analysis outcome
pregnant cardiotocography OR OR
women OR computerised neonatal
OR FHR monitoring analysis outcome
Intrapartum OR OR OR
women fetal heart rate computerized perinatal
OR OR analysis outcome
gestation cardiotocogr* OR OR
OR automatic cesarean
expecting analysis section
OR OR OR
laboring artificial delivery
women intelligence OR
outcome
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Figure 1. Flow Diagram illustrating article filtering process
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Table 2. Characteristics and results of studies included

Ignatov P.N. Nunes |. et Brocklehurst Saccone G. Schroeder E.
et al., 2016 al., 2017 P.etal., 2018 | etal., 2021 et al., 2021
Study RCT RCT RCT RCT RCT
design (individual
patient data
from INFANT
study)
Population | Intrapartum Intrapartum Intrapartum High risk Intrapartum
women in women in women in pregnant women in
CTG CTG CTG women in CTG
CTG
Country Bulgaria UK UK and Italy UK and
Ireland Ireland
Sample 720 7.730 46.042 28 46.042
size
Intervention | Visual Visual Visual Visual Visual
analysis of analysis of analysis of analysis of analysis of
CTG CTG CTG CTG CTG
Comparison | Computerised | Computerised | Computerised | Computerised | Computerised
analysis of analysis of analysis of analysis of analysis of
CTG CTG CTG CTG CTG
Outcomes Reduction of | Incidence of | Number of Incidence of | Number of
adverse newborn poor neonatal | cesarean poor neonatal
metabolic outcomes or delivery, outcomes or
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perinatal acidosis and | neonatal preterm birth, | neonatal
outcomes adverse morbidity and | gestation age | morbidity,
perinatal developmental | at delivery developmental
outcomes assessment at | and neonatal | assessment at
the age of 2 outcomes the age of 2
years such as years, mean
birthweight, cost per
Apgar score, | mother and
admission to | infant from
the neonatal | birth to
intensive care | hospital
unit, and discharge and
neonatal from then to 2
death years follow
up and
assessment of
maternal
health related
quality of life
at1and?2
years follow
up
Results Lower No significant | No significant | No significant | No significant
incidence in reduction of difference in rise in differences
fetal hypoxia | metabolic incidence of incidence of | among groups
and acidemia, | acidosis or poor neonatal | cesarean in none of
lower risk of obstetric outcomes and | delivery and primary
cesarean intervention to no difference | outcomes
delivery, and | between developmental | in preterm (clinical or
decreased groups assessment at | birth, economical),
possibility for the age of 2 gestational no additional
admission to years between | age at maternal or
neonatal groups delivery, and | neonatal
intensive care neonatal benefit and
unit when outcomes additional
using such as costs or
computerised birthweight, savings to the
analysis of Apgar score, | NHS
CTG admission to
the neonatal
intensive care
unit, and
neonatal
death
CONSORT | Moderate Moderate High Moderate Moderate
statement compliance compliance compliance compliance compliance
compliance | (72,97%) (81,1%) (86,49%) (78,38%) (83,78%)
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