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[TepiAnyn

Ewayoyn: H avélvon g kopatopopenc ST (STAN) eionydn yia ) Pertioon g
gpunveiag tov kapdotokoypapnuatog (CTG) pe amotélecpa tn pLeEimoN TOV TEPITTOV
napepPacewv kot ¢ petaforkng o&fwong. Xkomds: O okomdg TG mOPOLGOS
CLGTNUOTIKNG avackOTnong nrov va agloloyndet n enidpaon g pnebddov STAN oe
ovykpion pe 10 ovpPoatikdé CTG 66ov agopd TIG TEPIYEVVNTIKEG KOl VEOYVIKEC
expaoceic. MéBodor: Aelnydn po avalnnon otic NAeKTpoviKEg PAcELS dedOUEVDV
(PubMed, Cochrane, Scopus) yio. TOV EVIOMIGUO TUYOLOTOUNUEVOV EAEYYOUEVOV
dokiucdv (RCTS) omv AyyhMkn yioooa. Xt ekPdoelc mepilapfdavoviav ot
nopepfortikoi Toketol, N otpoAnyio amd To TPYYOTO TG KEPAANG Tov gufpvov (FBS),
N netafortkn o€, 0 TEPLYEVVITIKOG Kol VEOYVIKOG BAvatog, o1 veoyviKes KpIoEls,
N VEOYVIKN €YKEPUAOTAOELD, 1) LETAPOPA GTN LOVASO EVIOTIKNG VOOAEING VEOYVMV
(NICU) «xor n Poabuoroyiocn Apgar. Amotedéopoto: XtV OvVOGKOTHON
ocvpunepteAnencay entd RCTS. Ot dvo npmteg RCTs £de1&av 01t 0 suvovaouds STAN
kot CTG etvan kaAvtepn emdoyn amd ) ypnon povo tov CTG kabdg amodeiybnke
pelwon 1oV TOG0oTOL TV TAPEUPATIKOV TOKETOV AdY® gUfpuikng dvcpopiog kot
peiowon ™mg petaporkng o&émonc. Ouwmg or perétec mov axorovdnocav dev £dei&av
OTOTIOTIKA CNUAVTIKEG AALOYEG LLE TOV GLVOVAGUO TV PEBOdWV, EKTOG amd TN peimon
tov FBS. Xvpmepaopoatra: To svprjuoata and 1ig RCTS Nrav dwupopetikd ko
avtikpovopeva. Ot meplocOTEPEg UEAETEG OEV OVOYVOPLGOV TNV VLIEPOYN TOL
oLVOLAGHOD TV dVO HEBOOMV OYETIKG HE TOLG TOPEUPATIKOVS TOKETOVS KOl TIG
veoyvikéG ekPAcelg, oAAG HETAED TV UEAETOV VINPYXOV TOAAEC HEBOSOAOYIKEG

JLpOpEC.

AéEarg — khewdwa: CTG, kapdotokoypapnua, STAN, ST avdivon Kopatopopeng,
euPpuicd ECG, eufpuixd nhektpokapdioypdenua, mapepfoticol Toketol, petaforkn
oféwon, apolnyio amd to TPYOTO TG KEPOANS Tov gufpvov , FBS, veoyvuég

expaoeig



Abstract

Introduction: ST waveform analysis (STAN) was introduced to improve the
interpretation of cardiotocography (CTG) resulting in reduction of unnecessary
interventions and metabolic acidosis. Aim: The aim of the present systematic review
was to evaluate the effect of the STAN method compared with isolated CTG on
perinatal and neonatal outcomes. Methods: A search of electronic databases (PubMed,
Cochrane, Scopus) was conducted to identify randomized controlled trials (RCTSs) in
English language. Outcomes considered the operative deliveries, fetal blood sampling
(FBS), metabolic acidosis, perinatal and neonatal death, neonatal seizures, neonatal
encephalopathy, transfer to the neonatal intensive care unit (NICU) and Apgar score.
Results: Seven RCTs included in the review. The first two RCTs showed that the
combination of STAN and CTG is a better option than using CTG alone, because a
reduction in the rate of operative deliveries due to fetal distress and a reduction in
metabolic acidosis was documented. The following studies showed no statistically
significant changes with the combination of methods, except from a reduction in FBS.
Conclusion: The findings from the RCTs were different and conflicting. Most studies
did not recognize the superiority of the combination in operative deliveries and neonatal

outcomes but there were many methodological differences between the trials.

Keywords: CTG, cardiotocography, STAN, ST waveform analysis, fetal ECG, fetal
electrocardiography, operative deliveries, metabolic acidosis, fetal blood sampling,

FBS, neonatal outcomes.



I'ENIKO MEPOX
Background

210 u€ca TOL OEKOTOV EROOOV 1 TOL SEKATOL OYO00L LMV, OVOKAADEONKE OTL Elvar
duvatd vo aKovoTel 0 euPpuikdg Kapolakog TaAudg pésa and ™ untpa. Qotdco, 1
YPNOOTNTO AVTHG TNG AVOKAALYNG 6TV KAWVIKY TTPAEY, TpoTddnKe ToV d€KATO £vaTo
awova  (Alfirevic et al., 2017). 'Extote, n mopakolovOnon tov euPpvov
xpNoporomnke g HEBOSOG Yo TOV TPOGIOPIoUO TNG EUPPLIKNG svnueEpiag Kot Yo
™ peimon g meptyevvnTikng voonpotntag kat Ovnootntag (Fuchs et al., 2016; Stout
and Cahill, 2011).

O epPpuikdg xopdiokdg pvOuds (EKP) pmopel vo mapakoAiovOnbel eite xotd
dwotuoto eite ocvveymg. H Swheimovoa akpdacn umopel vo mpayportomowmbet
YPNOLOTOLDVTOG TO eUPPLiKo otnbookodmio (Pinard) v ™ cvokevn Doppler xewpog. H
ovoveyng mopakorlovOnon umopel vo  mpoypatomomnbel pe T ypnom  ToL
kopdotokoypapnuotog  (KTI) 7 omog  oAldg  ovopdletor  MAEKTPOVIKY
napakorovdnon euppvov (HIIE) (Alfirevic et al., 2017; Devane et al., 2017). To KTT'
N HIIE epevpébnke t dexoetia tov 1960 ¢ evolloktikn AVom TG dloAgimovcag
TopoKoAovONoNG Kot ypnoporotdnke gvpiwg Tig dekaetieg 1970 - 1980 (Devane et
al., 2017; Brocklehurst, 2016).

H nliektpovikn mapaxorovnon tov epufpvov yopiletor oe eEMTEPIKN KoL EGMOTEPIKT).
2mv eEotepikn mapoakolovdnon tonobeteitar, pe pa {dvn oty Koo g untépag,
évac popgopetotponéac vrepnymv Doppler ywo v extipnon tov EKP kot évag
TOKOUOPQPOUETATPOTENG Y10 TNV EKTIUNOT NG OpOCTNPOTNTAG TNG UNTPOG. XTNV
ECMTEPIKN TOpakoAoVONon eival amapaitntn n pnEN euPpuikdv vuévov Kabmdg
tonofeteital éva NAEKTPOOI0 GTO TPLYY®TO TNG KEPAANG TOV eUPPHOL Yol TV EKTIUNOM
tov EKP ka1 évag evoountplog kabetnpog mieons yio Ty EKTIUNoT TG dpacTnPLOTNTOS
™c untpag (Alfirevic et al., 2017).

Ta yapaxtnpiotikd mov tpénet va avarvbovv o éva KTT yio v ektipnon tov EKP
elval n Paoctkn ypapun, N HETaPANTOHTNTO, O1 EMTAYVVOELS Kot ot emPpadvvoels. [T

OUYKEKPILEVAL:

¢ Baowm ypopun eivar n péon ovyvotnta tov EKP cg éva didotnpa 10 Aentov
Kot Kopoiverotl avapesa otovg 110-160 maipovg ava Aentod. Xe tepintwon mov

n Pacwn ypapuq tov EKP givar >160 maApovg avd Aentd didpkelag iong M



peyoAvtepng tov 10 Aemtov, opileton o¢ Toyvkapdio. Aviictorya Otov M
Baocwmn ypauun tov EKP givar <110 mwodpovg ava Aemtd dwdpkelag iong M
peyoAvtepng towv 10 Aemtov opiletal og Bpadvkapdia.

o  MetafAntomra givorl 1o €0pog dtakvpavens tov EKP amd v Bacikn ypopun
KoL KOUOIVETOL OVAUEGO GTOVG 5-25 TaApnovs avd Aentd. Xe vo&io/oEEmon Tov
KEVIPIKOV VELPIKOV GLUGTNUOTOC, 1 LETAPANTOTNTA Elvor LE®UEVT.

e Emrtayvvoelg etvan n aeviowe avénon tov EKP nave and ™ Pacikn ypopun
Katd 15 ToApovg ava AEmTO SLOPKELNG TOVANYIGTOV 15 dguTEPOAETT®V AL
Myotepng tv 10 Aentdv, cuvBwg GLUTITTOVV LE TIG KIVIGELS TOV EUPPHOL Kot
etvat onpéiot KOANG VELPOLOYIKNG avTATOKPLoTG TOL Ywpic vo&ia/oEéwan.

o  EmPpadvvoeig apopodv v eldttwon tov EKP wéve arnd ™ Pacikn ypopun
Kkatd 15 maApovc avd Aemtd didpkelag TovAdyiotov 15 deuTEPOAENT®V OALL
Myotepng Tov 10 Aentov kot yopilovtar oe Katnyopieg: [lpdipeg, or onoieg
TPOKAAOVVTOL OO TN GLUTIEST TNG KEPOAANG TOV EUPPVOL Kot dEV LITOINADVOLY
euPpuikn vro&ia/oEéwon. Oyueg ol omoieg TPOKOAOLVTAL OO TN HEWOUEV
OLLLOTIKY POT} TNG UNTPOTAAKOLVTIOKNG Hovadas. Metafaiidueves, ol omoieg
opeilovtal 6€ TAPOdIKY| cvumieon Tov opediov Awpov. IMopatetapévec, ot
omoieg ovvoéovtal ovyvad pe  euPpvuikn vroSio/petafolkn oEfémorn Ko

amottovv eneiyovoa napéuPacn (Ayres-de-Campos et al., 2015).

O okomndg Tov KTT etvar va aviyvedoet 1ig adlhayéc ota yapaxtnprotikd tov EKP kot
va kaBopicel ta EuPpua Tov KvovveLOLY 0o acELELN KOt LITopovV Vo w@eANBovV ard
évav aueco toketd (Alfirevic et al., 2017; Brocklehurst, 2016). H eufpvikn aceuéia
etvar évag cuvovacog vo&iag, vepramviag Kot LETAPOAIKNG 0EEMONG Kot pmopel va
TPOKOAESEL UOVIUN VEVPOLOYIKT PAGAPN OT®G £yKEPAAIKT TapdAVOT Kol VTOEIKY|
ook eykeparonddeio 1) Oavaro (Salmelin et al., 2013; Schuit et al., 2013; Carter,
1988). IMapd tov okomd tov KTI, n yprion tov dev PeAtioce v mePyeEvvnTIKI
Bvnoot T OVTE TO TOGOGTA EYKEPOAIKNG TOPAAVOTG, 0vTifETa TPOKAAESE avENOT
™G ovyvoOTTOG TOV Kooaptk®v Topdv (KT) kot tov enepPatikdv KOATIKGOV TOKETOV,
TPOGPEPOVTAG LOVO LEI®MON TNG CLYVOTNTOS TOV VEOYVIKAOV Kpicewv. To yeyovog avtd
opeidetar ot younin ewikotnto wov £xel 1o KTT cav pébodog kot kot enéktaocmn oty

VYNAN cuyvotTTa YeLdmg Detikmv amotelespdatmv (Alfirevic et al., 2017).

‘Etolr Aowmov, katéotn amoapoitntn m xpnon GAAmv peBddmV MG CLUUTANPOUATIKEG

eEetdoelc. Exovv avamtvybel apketéc mpocbeteg teyvoroyiec dOmmg n EUPPLIKT TOAUIKY
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ovuetpia, N guPpovikn di€yepon, N apoAnyio amd 10 TPYOTO TNG KEQUANG TOV
euppoov (Fetal Blood Sampling - FBS) kot 1 avdivon xvpatopopenc ST tov
euppvuikod niektpokapdioypaenuatog (HKI) (Visser and Ayres-De-Campos, 2015).
H yprion g epPpuikng o&upetpiog dev peimwoe 1o mocootd twv KT ovte Beltinoe ta
TEPLYEVVNTIKA OTOTEAEGLOTA, GCOUPOVO LE U0, CLOTNUOTIKY OVOCKOTNGON TEGCAP®Y
doxucdv (East et al., 2014). H eufpvikn diéyepon (S0KTUAKN SEYEPCT TOL TPLYWTOL
™G KEPAANG, déyepon pe o Aafida Allis, axovotiko-makuky diéyepon) eivar o
€0KOAN TEYVIKN OAAG Oev éxel a&loAoynbel oe TuyOOTOMUEVEG SOKIUEG Kot Ogv
pumopovv va eEaxBodV CUUTEPACLATO CYETIKA L€ TO VEOYVIKE KOl TEPTYEVVITIKA

armoteléopoto (Visser and Ayres-De-Campos, 2015; Knupp et al., 2020).

H aoAnyia and 10 tprymtd g ke@aing tov gufpvov (FBS) sivar po afoin kot
emepPatikn dwdwkacia, mov amottel KATAAANAO EPYOCTNPLO KOl TOPEYXEL TEPLOJIKES
TANPOQOPIES OYETIKA LE TNV KatdoTaon o&uydvoong tov sufpvov (Knupp et al., 2020;
Neilson, 2015). To eufpvikd niektpokapdioypaenua (HKI) § ST avérvon 1 STAN
etvar po Ayotepo emepfotikn pébodog amd ™ pébodo FBS, pe evkordtepn epapproyn
Kot Topoyn ovveyng mopakorovdnone. To guPpuikd HKI gionyOn 1o 1992 petd amd
TOALG TEPpLaTa o€ LD KOl 1] EL0OYOYT TOV EQAPUOCTNKE Yo Vo ferTionbdel ) epunveia
tov KTT'. Ta niektpikd copfavta g Kapdldg KaTaypdpovtal Le T LOopeY] KOUATOV
HEC® EVOG NAEKTPOSIOV GTO TPYMTO TNG KEPOANG TOV EUPPVOV TO OTTOI0 GLVOEETAL [UE
£va NAEKTPOOI0 SEPLATOG GTOV UNPO TNG UNTEPAS GE VAV VITOAOYIGTH TOV AVOADEL TA
onpoata Kot o epeavifet otnv 000vn . To kdpa P avtimpoconevet T KOATIKY GUGTOAY,
10 cvumieypua QRS v Kotlokr 6ueToAn Kot To kopa T v emavamdAmon Kotlog

(Visser and Ayres-De-Campos, 2015; Neilson, 2015; Vettore, 2021).

H epPpvikn vno&ia oyetiCeton pe orhayéc oty kopoatopopen ST, Adyw
ameAeLOEPOONG  KATEYOLAUIVAYV,  gvepyomoinong  P-adpevepylkadv — LTOJOYEMV,
yAvKoyovoAvoNg Kal PETAPOAKNG 0E€mong TV 1oTt®v. O ahlayég avtég pmopel va
etvan gite avénon oto TAdTog Tov KOpatog T, Tov mocotikonoleital amd v avaroyia
TIQRS, eite dpaocwd tuquo ST kot onueidvovior ovtopate oty oovn
onuovpyovtog éva ST copfdav. Yrapyovv tpeig tomot ST cuopfdviov, n mopodikn
dvodog T/QRS (diapkelag <10 Aemtdv), n dvodog T/QRS amd ™ Poaocikn ypopun
(01dpketog >10 Aentdv) ko to dpackd ST (uépog tov tunuatog ST kdtw amd ™
Baown ypopun). To euPpouikd HKI™ a&oAdoyeitor o€ cuvdvacud pe Ty epunveio Tov
KTI', n omoia yivetan ocOppova pe v toasvounon e Atebviic Opoomovdiog
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Ivakoroyiag koar Matevtikng (FIGO) (Figure 1.). Mg Bdon tig katevBovimpieg
odnyteg tov STAN:

e Edv to KTT &ivor pucioloyko, dev yperdletar kdmola mapépPaon kot ta ST

cuupavta ayvoobvtat.

e Ed&v to KTI' eivon mpobavdrtio tote yiverar dpeon mapéppoon (Tokerodg)
aveEdpmra amd v vrapén 1 Oyt Tov ST cvufdavimv.

e Edv 1o KTT etvar evotdpeso 1 maboroyikd 10Te KTILATOL O TOTTOG KoL TO €0POG
tov ST cvppdviov, 6mov edv to €bpog eivar Tave and Eva mpokabopiopuévo
opo tote amouteiton mopéuPaon. H mapéupaon avoroya pe v mepiotoon
pmopet va gtvon 1 avtipetdmion pog mbavng aitiog epPpuikng dvoeopiog (m.y.
VIEPTOVIQ, VIOTACT)), N ALLOANYIN Ao TO TPYYOTO TS KEPAANG TOVL EUPpHoV
(FBS) kot o toketog (Figure 2.) (Amer-Wahlin and Kwee, 2016; Amer-Wahlin
et al., 2007).

Figure 1. Classification of CTG

Classification of CTG

Composed by the Danish and Norwegian reference group according to FIGO guidelines, December 2007

Baseline heart Variability
frequency Reactivity

Decelerations

* 100-110 bpm
® [50-170 bpm ® >25 bpm (saltatory pattern) | ® Uncomplicated variable
Intermedi L decelerations (loss of >60
ary | o short bradycardia episode | o <5 bpm >40 min beats) (
CTG <100 bpm for >3 n.'tin
<80 bpm for >2 min
* A combination of 2 or several intermediary observations will result in an abnormal CTG

Source: neoventa.com
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Figure 2. STAN clinical guidelines
Intermediary Abnormal Preterminal

CTG CTG CTG
Episodic T/QRS rise =>0.15 =>0.10 Immediate
Baseline T/QRS rise =>0.10 =>0.05 delivery
Biphasic ST Three biphasic Two biphasic
ST events ST events

*These guidelines are applicable to a term pregnancy of 36
completed gestational weeks or more and indicate situations in
which intervention is required. This means calling for further expertise
in assessing FHR data, alleviation of the cause(s) of fetal distress
(overstimulation with oxytocin or maternal hypotension) or delivery.
During the second stage of labour with active pushing, immediate
operative delivery is recommended, unless spontaneous delivery is

to be anticipated in the next 5—10 minutes.

Source: Amer-Wahlin et al., 2007
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EIAIKO MEPOX

Introduction

Electronic fetal monitoring (EFM) is a widely used method that is used to identify
preventable cases of fetal harm but there is still controversy over its value in clinical
practice. Cardiotocography (CTG) was first introduced in the 1960s and the purpose of
this method was to detect changes of the fetal heart rate (FHR) characteristics and to
determine the fetuses who were at risk of hypoxia and may benefit from an early
delivery (Alfirevic et al., 2017; Brocklehurst, 2016). Intrapartum hypoxia and
subsequent metabolic acidosis are related to short term complications such as admission
to neonatal unit, hypoxic ischemic encephalopathy (HIE) and neonatal death or long-
term implications such as cerebral palsy or learning difficulties (Salmelin et al., 2013;
Schuit et al., 2013).

CTG is characterized by a high sensitivity, but it has only a limited specificity in
predicting fetal hypoxia (Ayres-de-Campos et al., 2015). Specifically, a normal CTG is
reassuring regarding the state of fetal oxygenation as hypoxia is generally restricted to
cases with suspicious or pathological patterns. However, many fetuses with the latter
patterns will not have clinically important hypoxia (Beard et al., 1971). Although the
prediction of serious intrapartum fetal hypoxia and the avoidance of injury was the aim
of fetal monitoring during labor, it was also associated with increased incidences of
cesarean section and operative vaginal delivery (Alfirevic et al., 2017). Until the
present, evidence of the benefits of continuous cardiotocographic monitoring remains

inconclusive (Ayres-de-Campos et al., 2015).

To reduce such false positive cases and unnecessary medical interventions, several
adjunctive technologies have been developed to further estimate fetal oxygenation,
such as fetal blood sampling (FBS), fetal stimulation, pulse oximetry and ST waveform
analysis of fetal electrocardiogram (ECG) (Visser and Ayres-De-Campos, 2015). FBS
is an invasive procedure that requires appropriate laboratory and provides intermittent
information because it detects evidence of hypoxia in peritheral tissue (Neilson., 2015).
Furthermore, FBS is a demanding medical procedure that may be quite stressful for
many doctors or mothers. Fetal stimulation is an easy technique but has not been
evaluated in randomized trials and no conclusions can be drawn regarding neonatal and

perinatal outcomes (Knupp et al.,, 2020). Unfortunately, other tools for fetal
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surveillance, like pulse oximetry, have not been proved to be more effective (East et
al., 2014).

ST waveform analysis (STAN), a relatively new method for continuous fetal
monitoring, has been introduced after extensive experimental research (Rosen et al.,
2005). The fetal ECG, like the adult ECG, records electrical events of the heart in form
of waves. The P wave represents atrial contraction, QRS ventricular contraction and T
ventricular repolarization. Information can be evaluated about the amplitude of the T
wave in relation to the QRS complex (T/QRS ratio) and the shape of ST segment
(Visser and Ayres-De-Campos, 2015; Neilson, 2015; Vettore, 2021). During labor, an
electrode is applied to the fetal head to record and analyze the signals, since a lack of
fetal oxygen produces changes in the fetal ECG waveform analysis. Fetal hypoxia is
associated with changes in the ST waveform either a biphasic ST segment or an increase
in the T/QRS ratio in combination with EFM abnormalities (Landman et al., 2019).
Changes in the ST waveform generates ST events. The ST clinical guidelines provide
a protocol for intervention based on CTG classification and the type and magnitude of
the ST event (Amer-Wahlin et al., 2007).

The introduction of STAN was implemented to improve the interpretation of CTG and
in turn reduce unnecessary interventions. To determine the benefits of the STAN
method, many randomized controlled trials (RCTs) have been performed as well as
many systematic reviews and meta-analyses. However, their outcomes were different
and conflicting. Although some studies suggested that the combined methods provided
several benefits over the CTG alone, including lower rate of operative deliveries, a
decrease in the fetal metabolic acidosis and markedly improved neonatal outcomes,
some studies failed to confirm the same outcomes. Thus, there is an indisputable need
for improved methods as well as more randomized studies to evaluate fetal health
during labor.

Aim

The aim of the present systematic review was to evaluate the effect of the STAN method

compared with isolated CTG on perinatal and neonatal outcomes.
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Methods

A systematic search of electronic databases (PubMed, Cochrane, Scopus) was
performed in mid-2022 to identify studies that investigated perinatal and neonatal
outcomes using CTG combined with ST waveform analysis compared to CTG. This
review considered only RCTs published in the English language without restriction on
the year of publication. Randomized trials that analyzed the PR interval rather than the
ST segment of the fetal electrocardiogram as well as non-randomized trials were
excluded. Reference lists of included articles were also used as an additional search

method.

The search strategy used was “pregnant” OR “laboring women” AND
“cardiotocography” OR “CTG” OR ‘“electronic fetal monitoring” OR “EFM” OR
“intrapartum fetal monitoring” AND “STAN” OR “ST analysis” OR “ST waveform
analysis” OR “ST segment” OR “fetal electrocardiography” OR “fetal ECG” and
related to the search in the title, abstract or keywords. Titles and abstracts were first
screened to exclude apparently irrelevant studies. The full texts of the remaining articles

were then reviewed to determine whether they met the inclusion criteria.
The inclusion criteria were:

 Population: laboring women at >34 weeks' gestation with a fetus in cephalic

presentation and continuous electronic fetal monitoring during labor.
* Intervention: CTG combined with STAN
* Comparison: CTG

* Outcomes: Perinatal outcomes such as operative deliveries (cesarean delivery,
instrumental vaginal delivery) and fetal blood sampling. Neonatal outcomes such as
metabolic acidosis, perinatal and neonatal death, neonatal seizures, neonatal

encephalopathy, transfer to the neonatal intensive care unit (NICU) and Apgar score.

The initial database search resulted in 250 articles, of which 37 were duplicates (Fig.
1). Titles and abstracts were then screened for relevance to the aim of the review. After
evaluating the titles and abstracts, 206 articles were excluded because they were
irrelevant to the aim of the study. Seven studies were fully reviewed and met all the
inclusion criteria. Data from the seven studies were analyzed and assessed for
methodological quality with CONSORT checklist.
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Figure 3. Flow Chart
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Results

A randomized clinical trial (Westgate et al., 1993) with pregnant women of >34 weeks'
pregnancy with no known difficulties, was conducted for one year at Plymouth General
Hospital in the United Kingdom. The recordings were made with the use of the HP
8040A cardiotocogram recorder (Hewlett-Packard, Boblingen, Germany) or the STAN
8801 recorder (Cinventa AB, Molndal, Sweden). During this year 2400 deliveries were
included in the trial, 1212 of which were monitored with the cardiotocogram arm and
1188 were monitored with the ST waveform analysis plus cardiotocogram arm. As
reported in this study 39% of the pregnancies had continuous monitoring with the use
of a fetal scalp electrode, 34% had continuous external monitoring, and 28% were
monitored by intermittent auscultation. It is referred that fetal blood sampling was
performed in more women in the CTG arm than in the STAN arm. Also, more episodes
of metabolic acidosis and low 5-minute Apgar scores were reported in the CTG arm.
Regarding the operative deliveries, there was a highly significant reduction in total
operative deliveries for fetal distress in the STAN arm, but there were no differences in
the number of operative deliveries for failure to progress between the two arms.
Additionally, even though there was no observed difference in the heart rate recordings
in the first stage of labor between the two recorders, in the second stage the
cardiotocogram recorder produced significantly better heart rate recordings. Taken
together, the study concluded that changes in ST waveform analysis plus
cardiotocogram arm can interpret the various changes in the fetal heart rate assisting in

a safe delivery.

Similarly, in another trial which conducted in Sweden from 1998 to 2000 (Amer-
Wahlin et al., 2001), 4966 pregnant women at more than 36 completed weeks were
monitored either with cardiotocography alone or ST waveform analysis, using the
STAN S21 (Neoventa Medical) recorder, combined with cardiotocography. The results
showed that ST waveform analysis with CTG reduces fetal hypoxia during labor as well
as the number of operative deliveries for fetal distress. Specifically, 2447 women were
monitored with CTG, while 2519 were monitored with STAN. Metabolic acidosis was
the first parameter considered, defined as a cord-artery blood pH of less than 7.05 and
BDecf of more than 12 mmol/L (Siggaard-Andersen et al., 1971). The second parameter

was the number of the operative deliveries for fetal distress and the third one was the
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neonatal morbidity based on Apgar scores at 1 and 5 min and admission to NICU, while
fetal blood sampling was optional in both groups. Although, statistically significant
differences were not observed between the two groups regarding the Apgar score,
admission to NICU or neonatal encephalopathy, there was significantly lower rate of
the cases of metabolic acidosis in STAN group. In this group also, the number of
operative deliveries for fetal distress was significantly lower, suggesting that ST
waveform analysis combined with CTG leads to a significantly improved perinatal

result.

On the contrary, a randomised trial in which 1472 women at 36 or more weeks of
pregnancy were enrolled (Ojala et al., 2006) showed that there were no statistically
significant superior results in the STAN group (using the same recorder STAN S21
with Amer-Wahlin et al., 2001) compared to the CTG group. The trial was conducted
in Finland for one year (2003-2004) and it is reported that 733 women were included
to the STAN group and 739 women to the CTG group. There were no statistically
significant differences in metabolic acidosis, in neonatal outcomes, or in the rate of
operative deliveries between the two groups concluding that automatic ST waveform
analysis may not contribute to improvement of neonatal outcome. However, ST
waveform analysis led to FBS reduction. A study conducted in French hospitals
(\Vayssiére et al., 2007), investigated whether ST-segment analysis (with STAN S21,
Neoventa Medical) along with CTG could decrease the operative deliveries in women
with abnormal cardiotocography in labor. In this study, 399 out of 799 women with
abnormal cardiotocography, were placed in the STAN group and 400 women in the
CTG group. Neonatal outcomes did not differ between the two groups and STAN did
not lead to operative delivery rate reduction (cesarean or instrumental) for
nonreassuring fetal status. The authors noticed an important reduction in the number of
women whose fetus had at least 1 scalp blood pH measurement during labor in the
STAN group.

Considering the findings of the Dutch study (Westerhuis et al., 2010) with 5.667 women
in high-risk pregnancies over the 36 weeks, it showed that although ST analysis
combined with CTG decreased the metabolic acidosis, no changes in the Apgar scores
and the rate of operative deliveries were observed. The women participated in this study
were distributed in the index group (2.827 women) wearing a scalp electrode connected
with a STAN S21 or S31 and the control group (2.840 women) wearing a scalp
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electrode connected to a conventional CTG. The incidence of metabolic acidosis
calculated in the extracellular fluid was lower in the STAN group, but the incidence of
metabolic acidosis calculated in the blood was significantly lower in this group. Also,
the need for FBS was significantly lower in the STAN group than in the CTG group.
After the European studies an American study was also conducted (Belfort et al., 2015),
which concluded that ST waveform analysis combined with CTG did not improve
perinatal outcomes or the number of operative deliveries. This multicenter randomized
trial included 11.108 women at 36 weeks (or more) with a singleton pregnancy, of
whom 5576 women were assigned to the masked group where the STAN S31 device
was utilized as a common electronic FHR monitor and 5532 were assigned to the open
group where the STAN S31 device was displayed ECG ST-segment information. The
study claimed that there was no significant difference in the neonatal and maternal
outcomes except for the Apgar score of 3 or less at 5 minutes which was more frequent

in the open group.

More recently, a study was conducted in Spain based on a homogeneous population, in
contrast to previous studies which have included both high and low risk population with
disparate inclusion criteria (Puertas et al., 2019). The population sample was women
with a singleton late-term pregnancy (about 291 to 294 days) because these pregnancies
were at risk for FHR alterations during labor. This randomized study included 200
women of whom 100 were enrolled to the CTG group and 100 to the STAN group
(using the STAN S31, Neoventa Medical). The authors claimed that there were no
differences in the number of operative deliveries, including the number of cesarean
deliveries, or in neonatal outcomes between the two groups comprising of women in

late-term pregnancies.

The results of the above studies are summarized in the table below.
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Table 1. Methodological characteristics of included studies.

Number of Inclusion Criteria Sample | Type of Electronic Fetal
Centers Size Monitoring
Westgate, Single All pregnancies of >34 weeks;
1993, center with no gross fetal abnormality 2.400 Internal or External
UK and with a decision to apply a
scalp electrode
Amer- Multicenter Laboring women;
Wabhlin, 3 centers >36 weeks; singleton fetus; 4.966 Internal
2001, cephalic presentation; with a
Sweden clinical decision of continuous
internal CTG
Ojala, Single Laboring women;
2006, center >36 weeks; singleton fetus; 1.472 Internal or External
Finland cephalic presentation; with a
decision of amniotomy
Vayssiere, | Multicenter Laboring women;
2007, 2 centers >36 weeks; singleton fetus; 799 Internal or External (not
France cephalic presentation; with specified)
abnormal CTG or thick
meconium-stained amniotic fluid
Westerhuis, | Multicenter | Laboring women aged >18 years;
2010, 9 centers >36 weeks; singleton fetus; 5.667 Internal
Netherlands cephalic presentation; high risk
pregnancy; with an indication for
internal EFM
Belfort, Multicenter Laboring women;
2015, 16 centers | >36 weeks; singleton fetus; with 11.108 Internal
USA cervical dilation of 2 to 7 cm
Puertas, Single Laboring women;
2019, center late term pregnancy (between 200 External
Spain 291 and 294 days); singleton

fetus; cephalic presentation
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Table 1. (Continued).

STAN Device CTG Device Classification Randomization
System
Westgate, STAN 8801 CTG (Hewlett- 4-tier Original randomization using
1993, (Cinventa AB) Packard 8040A) system sealed envelopes
UK FIGO
Amer-Wahlin, STAN S21 Masked STAN 4-tier Allocation by STAN
2001, (Neoventa S21 system software at start-up
Sweden Medical) FIGO (computer-generated table of
random numbers)
Ojala, STAN S21 CTG (Hewlett- 4-tier Opaque numbered sealed
2006, (Neoventa Packard 8030A) system envelopes (randomization
Finland Medical) FIGO code generated by a
computer program in blocks
of 100)
Vayssiere, STAN S21 CTG (Hewlett- 4-tier Opaque
2007, (Neoventa Packard 8030A) system numbered sealed envelopes
France Medical) FIGO stratified by center (dilation
at randomization
(centimeters)
Westerhuis, STAN S21 or S31 Conventional 4-tier Stratified randomization by
2010, (Neoventa FHR monitor system center and parity.
Netherlands Medical) FIGO (on a 1:1 basis through a
web-based computer-
generated randomization
sequence with variable block
size)

Belfort, STAN S31 Masked STAN 3-tier Encrypted randomization
2015, (Neoventa S31 system installed on the S31 monitors
USA Medical) FDA (separate randomization

sequence for each monitor)

Puertas, STAN S31 CTG 4-tier Serially numbered opaque
2019, (Neoventa (Philips Avalon system envelopes
Spain Medical) FM30) FIGO (allocation ratio 1:1)
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Table 1. (Continued).

Primary Outcomes

Secondary Outcomes

Westgate, . . .
19993 Operative delivery for fetal distress, FBS,
UK Metabolic acidosis in extracellular fluid Apgar score, NICU admission
Amer- . . .
Wahlin, Metabolic acidosis in extracellular fluid Operative delivery for fetal distress,
2001, Apgar score, NICU admission, Neonatal
Sweden encephalopathy
Ojala, . .
2006, Neonatal acidemia (umbilical artery pH Operative intervention, FBS,
Finland <7,10) Umbilical artery pH <7,05, Metabolic
acidosis in blood
Vayssiere, . Lo
2007, Operative delivery for nonreassuring Total rate of operative deliveries, FBS,
France fetal status Metabolic acidosis in extracellular fluid,
Apgar score, NICU admission, Neonatal
convulsions, Neonatal death
Westerhuis, . .
2010, Metabolic acidosis in extracellular fluid Operative delivery, FBS,

Netherlands

Metabolic acidosis in blood, Apgar score,
Total neonatal admissions, NICU
admission, Neonatal encephalopathy

Belfort, Composite of neonatal outcomes Maternal outcomes,
2015, Neonatal outcomes
USA
Puertas, Neonatal outcome (arterial blood pH for Maternal outcome (type of delivery and
2019, nonreassuring fetal status) indications for each type)
Spain
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Table 1. (Continued).

Results

Westgate,
1993,
UK

STAN group: Significant reduction in operative deliveries for fetal
distress, Trend to less FBS, Trend to less metabolic acidosis, Trend to
fewer low 5-minute Apgar score

Amer-Wahlin,
2001,
Sweden

STAN group: Significant reduction in operative deliveries for fetal
distress, Significant reduction in metabolic acidosis, No significant
differences regarding Apgar score, NICU admission, Neonatal
encephalopathy

Ojala,
2006,
Finland

STAN group: Significant reduction in FBS, No reduction regarding

Umbilical artery Ph <7,05, Metabolic acidosis in blood, No differences

regarding Neonatal acidemia, Operative intervention, Apgar score,
NICU admission, Neonatal encephalopathy

Vayssiere,
2007,
France

STAN group: Significant reduction in FBS, No differences regarding
Operative delivery for nonreassuring fetal status, Total rate of
operative deliveries, Metabolic acidosis in extracellular fluid, Apgar
score, NICU admission, Neonatal convulsions, Neonatal death

Westerhuis,
2010,
Netherlands

STAN group: Reduction in Metabolic acidosis in extracellular fluid,
Significant reduction in Metabolic acidosis in blood, Reduction in
FBS, Operative deliveries were comparable between the groups, No
differences regarding Apgar score, Total neonatal admissions, NICU

admission, Neonatal encephalopathy

Belfort,
2015,
USA

No differences regarding Primary composite neonatal outcomes,
Maternal outcomes, Secondary neonatal outcomes Increase to the
frequency of the low 5-minute Apgar score in STAN group

Puertas,
2019,
Spain

No statistically significant differences regarding Neonatal and
Maternal outcomes between the groups
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Discussion

In the current study, a systematic review was performed comparing the STAN and
conventional CTG methods in terms of perinatal and neonatal outcomes. This section
follows the discussion of the results from the primary studies that met our analysis

inclusion criteria.

It appears that the physiology of various changes in the ST waveform of the fetal
electrocardiogram, combined with heart rate recording can provide predictive value for
different perinatal conditions during labor. Indeed, in the study by Westgate et al., there
was a 46% reduction in the occurrence of operative deliveries for fetal distress and a
trend towards less metabolic acidosis (p = 0.09), but this was not statistically
significant. Also, fewer low 5-minute Apgar scores were reported in the group where
the ST waveform was examined together with the CTG. During the study and given
that it included 2400 pregnant women with high-risk pregnancies, the combination of
an abnormal CTG and a progressive ST-wave elevation was associated with the group
of fetuses in which metabolic acidosis was detected. The ST-wave elevation is possibly
explained by glycogenolysis in the myocardium and activation of anaerobic metabolism
through a wave of catecholamines, activation of adrenergic receptors, as the expected
physiological response to hypoxemia (Greene et al., 1982). This change can be
expressed as a ratio of T wave height to QRS height, the T/QRS ratio. The occurrence
of metabolic acidosis in fetuses can lead to perinatal complications up to birth asphyxia
(Low et al., 1988). In this way, the combination of ST analysis and cardiotocography
during labor could lead to less severe complications and less incidences of fetal distress
resulting in less need of operative deliveries. The authors highlighted that technological
development of the STAN device would be necessary to identify an ST-segment

depression that may be overlapped if only the T/QRS ratio is examined.

Towards this direction, the study by Amer-Wahlin et al. used a new instrument that
corrected the limitations of the earlier study. The device in this study, using digital
signal processing, performed automatic evaluation of ST changes through a dedicated
system (Luzietti et al., 1999). It was evaluated in observational clinical studies and in
this study including many women in labor (4966 women), confirming the superiority
of the combination of ST-waveform analysis with the CTG compared to the CTG alone.
This study analyzed cases of fetal distress and metabolic acidosis in the fetus that

resulted to perinatal complications. The data confirmed that a rise in the T/QRS ratio
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of the fetal ECG has been associated with fetal hypoxia and that the addition of ST
wave analysis to conventional cardiotocography improved the specificity of perinatal
monitoring by reducing the rate of operative deliveries and fetal distress. As in the study
by Westgate et al., metabolic acidosis at birth was lower in the STAN group, except
that in this study the reduction was statistically significant due to both the development
of the device and the larger sample of women analyzed. The new device was automated
and had the capability to analyze and record all waveform changes, including biphasic
ST segment. Another difference between these two studies concerned the protocol as
in the Westgate et al. study, intervention was carried out if the T/QRS ratio exceeds a
certain level. While in the Amer-Wahlin et al. study, the intervention was carried out if
a rise in the T/QRS ratio or biphasic ST segment occurred, in combination with an

abnormal or nonreassuring CTG.

The first studies (Westgate et al., 1993; Amer-Wahlin et al., 2001) showed that the
combination of fetal ECG with CTG is a better option than using CTG alone, because
a reduction in the rate of operative deliveries due to fetal distress and a reduction in
metabolic acidosis was documented. Unlike the studies mentioned above, the Finnish
trial (Ojala et al., 2006) recognized only one positive result regarding the needs of
obtaining fetal blood (FBS), which were significantly lower in the STAN method.
Therefore, the STAN method in this study significantly decreased the need for FBS but
there were no statistically significant superior results in the incidence of metabolic
acidosis or operative deliveries. The studies that followed had similar results with the
Finnish trial. For example, the French trial (Vayssiere et al., 2007) that included women
with abnormal CTG showed a significant reduction in FBS and no difference in terms
of operative deliveries or metabolic acidosis. The Dutch trial (Westerhuis et al., 2010)
also showed a reduction in FBS and no difference in operative deliveries with the STAN
method but there was a significant reduction in metabolic acidosis calculated in blood
and a reduction (not significant) in metabolic acidosis calculated in extracellular fluid.

In the U.S. trial (Belfort et al., 2015) where ST-wave analysis was combined with
continuous fetal monitoring by CTG, no statistically significant changes were found to
show superiority of the combination of methods. The authors gave possible
explanations for these differences between the U.S. trial results and those of European
results. Some of these explanations were the Hawthorne effect (the tendency of some

to perform better when monitored) resulting in improved fetal heart rate patterns
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interpretation and the fact that the operative vaginal deliveries and the use of FBS was
more common in Europe. Recently, a new RCT was conducted offering information
about homogeneous population. In this trial included women with late-term pregnancy,
a sample of the at-risk population in which the risk was homogeneous in contrast to the
previous trials (Puertas et al., 2019). The results of this study showed no change or
statistically significant benefit from the combination of methods in relation to

cardiotocography alone in terms of perinatal or neonatal complications.

Many randomized controlled trials (RCTs) and systematic reviews have been
performed but their outcomes were different and conflicting. The methodological
differences between the studies can explain these findings. For example, the Finnish
trial was used a different base deficit (BD) algorithm from the others RCTs (Ojala et
al., 2006). In all studies metabolic acidosis was defined as an umbilical cord artery
blood pH < 7.05 and a BD in the extracellular fluid (BDecr) > 12.0 mmol/L except the
Finnish trial, in which BD was calculated in blood (BDniood) and this led to a falsely
elevated rate of metabolic acidosis (Olofsson et al., 2014). The US trial was used a
three-category CTG classification (FDA guidelines) in contrast to the European trials
which used four-category CTG classification (FIGO guidelines), and this affected the
clinical behavior (Belfort et al., 2015; Amer-Wahlin and Kwee, 2016; Xodo et al.,
2017). Another important difference is that in French RCT included women with
abnormal CTG, which is a violation of STAN clinical guidelines as alerts for changes
in the ST segment occur when the fetus is still well oxygenated (Olofsson et al.,2014;
Vayssiere et al.,2007).

It is evident that apart from the first two studies (Westgate et al., 1993; Amer-Wahlin
et al., 2001), the other studies included in the present paper showed no significant
differences between the use of STAN method combined with CTG and the CTG alone.
A meta-analysis comparing STAN method with CTG by Blix et al., 2016, showed that
the STAN surveillance of the fetus can lead to less metabolic acidosis and less need for
FBS. Another review and meta-analysis by Saccone et al., 2016, highlighted that STAN
does not offer a better clinical choice when combined with CTG as it reduced perinatal
outcomes and operative delivery rates in the same way the CTG did alone. One recent
meta-analysis by Al Wattar et al., 2021 collected data from the literature and compared

studies based on the different fetal surveillance methods. Among them, STAN method
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and the combination with CTG were assessed for perinatal outcomes and no significant

differences were evident.

This paper contains a recent and thorough review of the existing data and literature
studies on the STAN method combined to CTG when compared to CTG alone. Overall,
the combination of the two methods does not seem to add any further benefit in perinatal
outcomes. The only possible benefit is shown by some studies pointing out that there is

less need for FBS when the combination is used.

Conclusions

Seven studies were included in the present paper after a detailed review of the literature
to compare fetal monitoring methods about perinatal and neonatal outcomes. The
methods compared were fetal electrocardiography with ST-wave analysis and
cardiotocography, combined to isolated cardiotocography. Most studies did not
recognize the superiority of the combination in operative deliveries and neonatal
outcomes. Cardiotocography is an essential method of monitoring the fetus with
positive results. Analysis by STAN method is also a good choice but requires training
in recognizing and interpreting results. Both methods can be combined with fetal blood
sampling when deemed necessary to identify complications of hypoxemia or metabolic
acidosis. Overall, both methods are used in clinical practice with positive results, but
their combination is controversial regarding the benefit of perinatal or neonatal

outcomes.
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