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ABSTRACT

Introduction: Interobserver reliability in interpreting cardiotocographs
(CTGs) using traditional categorization into "normal,”" "suspicious," and
"pathological" is typically very low ranging from Kappa 0.3 to 0.6.
Physiological CTG interpretation focuses on identifying specific features of
different types of fetal hypoxic stress and a combination of features which
are associated with adverse perinatal outcomes.

Objective: To evaluate the agreement among members of the Editorial
Board (EBM) of the international expert consensus statement on physiological
CTG interpretation, members of the international expert consensus panel
(ICP), and the Tweris Mini App (TMA), which is an Al-based CTG
interpretation tool developed based on international expert consensus
statement.

Materials & Methods: Thirty 10-15-minute CTG trace segments,
representing different types of fetal hypoxic stress (chronic, gradually
evolving compensated, gradually evolving decompensated, subacute, and
acute) and abnormal CTG patterns (atypical sinusoidal or the “Poole Shark
Teeth”, typical sinusoidal and the ZigZag patterns), were independently
reviewed by 3 editorial board members and 3 international expert
consensus panel members. An orthopedic surgeon independently analyzed
the same traces using the TMA. Fleiss' Kappa and Z-scores were used for
statistical analysis.

Results: Inter-observer agreement was 0.8 (95% Cl: 0.72-0.87, p < .001)
among EBM and 0.68 (95% Cl: 0.60-0.76, p < .001) among ICP, with a
statistically significant difference between these groups (p < .05).
Agreement between EBM and the Tweris Mini App was higher than between
ICP and the Tweris Mini App (0.81 vs 0.73, p = .06).

Conclusion: The inter-observer agreement when using physiological CTG
interpretation surpasses that of the inter-observer agreement reported with
traditional systems of CTG classification, with higher interobserver
agreement among editorial board members compared to international
expert consensus panel members. There was a substantial agreement
between editorial board members and the Tweris Mini app which was higher
than between ICP and the Tweris Mini App. These findings highlight the
potential of Al-assisted tools, such as the Tweris Mini App, based on
physiological CTG interpretation, to provide expert-level diagnostic
accuracy in clinical practice. The Tweris Mini App was found to be superior
in consistently recognising rare fetal heart rate patterns.

Keywords; cardiotocograph (CTG); physiological CTG; artificial
intelligence (Al); hypoxia; false positive; Tweris Mini App (TMA)
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Introduction

Cardiotocograph (CTG) trace was introduced into clinical
practice to improve perinatal outcomes without increasing
unnecessary infrapartum interventions such as emergency
caesarean sections and operative vaginal births fo the
mother. The aim was to timely identify the features of the
fetal heart rate which were suggestive of the onset of
decompensation so that immediate actions could be
instituted either to immediately improve fetal
oxygenation and reverse the observed changes or to
expedite birth to avoid hypoxic-ischaemic
encephalopathy (HIE) and its long term sequalae such as
cerebral palsy, learning difficulties and / or intrapartum-
related perinatal deaths. However, due to the
intfroduction of the technology directly into clinical
practice without any prior robust scientific research or
randomised controlled trials resulted in confusion and
anxiety regarding the changes which were observed on
the CTG trace. The features which were normal
physiological cardioprotective reflex responses to reduce
fetal myocardial workload (fetal heart rate
decelerations) were illogically considered as “reassuring
or non-reassuring” based on the apparent morphology or
arbitrarily pre-determined time limits by several CTG
guidelines, leading to an overall classification of CTG
traces into “Normal, Suspicious, Pathological”'2 or
“Category |, Il or IlI"3. Repeated Cochrane Systematic
Reviews on electronic fetal heart rate monitoring have
highlighted that this unscientific approach without
incorporation and the application of the knowledge of
fetal pathophysiology has been associated with a
significant increase in the rate of caesarean sections and
operative vaginal births (vacuum and forceps) without
any improvement in perinatal outcomes4. A more recent
systematic review and metanalysis of such a “pattern-
recognition” methodology of randomly grouping
different features of the fetal heart rate into pre-defined
categories, has concluded that 98% of fetuses with
“category II” fetal heart rate tracings, had normal
perinatal outcomes?.

Lack of scientific evidence supporting improvement in
outcomes using the 3-tier CTG classification

It has been shown that despite the exponential increase
in the rate of caesarean sections since the introduction of
CTG into routine clinical practice in 1968, there has been
no significant changes in cerebral palsy or perinatal
deathsé. This implies that the vast majority of emergency
caesarean sections and operative vaginal births (vacuum
or forceps) performed by obstetricians globally for
presumed fetal compromise (twenty years ago, illogically
called “fetal distress” a term often used to mask the
“obstetrician’s distress due to observation of “concerning”
CTG patterns) were totally unnecessary. This has been
clearly shown by Karin Nelson et al, in 1996 who
analysed > 150,000 CTG traces and their resultant
perinatal outcomes, and concluded that, even in the
presence of repetitive late decelerations and reduced
baseline fetal heart rate variability, 99.8% of neonates
were born with normal umbilical cord pH?. Translating this
information to clinical practice, over 99% of “emergency
caesarean sections and operative vaginal births”
performed for presumed fetal compromise after
illogically classifying CTG traces as “abnormal,
pathological or Category IlI” are potentially

unnecessary. The inability of abnormal CTG features and
classifications systems which are based on “pattern-
recognition”, without any consideration of fetal
pathophysiological responses to ongoing stress, to predict
neonatal acidosis had been highlighted again8, more
than 20 years after the publication by Karin Nelson
et.al’.

Very high false positive rates of cardiotocographs
using the 3-tier classification system

Honest reflection by intrapartum care providers would
confirm that no test that is currently used in clinical
medicine has such an extremely high false positive rate
of 99.8%. The adverse impact on women due to
increased rate of emergency caesarean sections and
operative vaginal births are significant: postpartum
haemorrhage, wound infection, prolonged
hospitalisation, sepsis, venous thromboembolism, uterine
rupture, placental accreta spectrum and post-traumatic
stress disorder- to mention a few. If these are due to the
extremely high false positive rate (and therefore, 99.8%
of these serious complications are potentially avoidable),
then this raises serious ethical questions. Therefore, it is
not surprising that several authors have recently
questioned the continuing use of CTG in clinical
practice® 10,

Very high false positive rate of CTG and
misinterpretation: What is the problem?

One may argue that the interpretation of a CTG trace is
similar interpreting an ECG trace, and therefore, unlike
physicians and nurses who interpret ECG traces with
relatively much lower false positive and negative rates,
obstetricians and midwives have a knowledge gap. This
argument is valid because it is the deficiency of
knowledge of fetal pathophysiology that has led to poor
interpretation of CTG traces resulting in poor maternal
and perinatal outcomes, however, it is important tfo
appreciate that the frontline obstetricians and midwives
are not responsible for the current predicament facing
the specialty. The fundamental flaw was the introduction
of CTG into clinical practice without any prior robust
scientific studies which resulted in grouping random
features of fetal heart rate into different categories.
More importantly, fetal heart rate decelerations which
are physiological cardioprotective  reflexes to
compensate for hypoxic stress, similar to adults increasing
the rate and depth of respiration whilst running, were
considered as “pathological” based on their apparent
morphology resulting in an exponential increase in
unnecessary intfrapartum caesarean sections. These
historical unscientific practices, and illogical classification
systems used have been recently highlighted in several
publications’1-13,

Emphasizing and coercing intelligent obstetricians and
midwives to embark on a hazardous, and scientifically
impotent journey of “pattern recognition” by classifying
the observed fetal heart rate decelerations into “early,
variable, late, typical, atypical, complicated,
uncomplicated, reassuring, non-reassuring’ by those who
produced CTG guidelines, resulted in the anticipated
outcome of any attempts at human pattern recognition:
inconsistent recognition of these patterns. Several
scientific publications have highlighted both inter and
intfra-observer disagreements in recognition of fetal heart
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rate changes, especially morphology of decelerations,
with the range of agreements between very poor to
modest (Kappa 0.3-.0.6)'4-19. Even the presumed or those
who assumed themselves as “experts” in CTG
interpretation, and those who went to courts due to such
presumed expertise to provide medico-legal opinions on
the standard of CTG interpretation by their fellow
obstetricians were also subjected to the same pitfalls of
pattern recognition resulting in poor agreement20.21. More
worryingly, once the neonatal outcomes were revealed
to the experts, based on the knowledge of outcomes, they
changed their own earlier classification. This highlights the
perils of depending on such experts without the
knowledge of fetal pathophysiology, who base their
retrospective opinions on patterns with the benefit of their
hindsight of knowing the perinatal outcomes, and this calls
into question their ability to provide honest medico-legal
opinions against their peers22-25,

Human costs of misinterpretation of cardiotocographs
The impact of the failure to apply the knowledge of fetal
pathophysiology whilst interpreting CTG traces and
solely relying on grouping random features of FHR into
different “categories” (normal, suspicious, pathological or
category |, LL or Ill) with resultant significant inter-and
intra-observer disagreements in pattern recognition, not
only resulted in an increase in the intrapartum operative
interventions to the mother and resultant complications,
but it also resulted in significant harm to babies. Four
successive “Each Baby Counts” Reports produced by the
Royal College of Obstetricians and Gynaecologists in the
UK annually concluded that over 1000 babies sustained
severe intra-partum related hypoxic-ischaemic brain
injuries and/or died during the first 7 days of life in the
UK every year, and unfortunately, 70% of these sad
outcomes a different care would have given rise to
different outcomes26-2°, More importantly, > 60% of
these adverse perinatal outcomes were due to errors in
CTG interpretation and fetal scalp blood sampling
(FBS)2¢-29, and unfortunately, without rectifying these
errors immediately after the publication of the first report
in 20162¢ by introducing a pathophysiological approach
to CTG interpretation, subsequent reports were
produced. As would be expected by any clinician who
understands logic, the outcomes had worsened during the
subsequent years of counting with an additional 200
babies sustaining severe hypoxic ischaemic brain injuries
in the 202129 Report as compared to 201626.The medico-
legal costs to the National Health Service (NHS) and the
UK taxpayer due to these avoidable clinical negligence
cases have been substantial30-32, The NHS Resolution,
which is a body set up to indemnify hospitals against
medico-legal claims in the UK concluded that very little
has changed with regard to errors in CTG
misinterpretation, and its 2019 Report, highlighted 70%
of cases of severe hypoxic-ischaemic encephalopathy
(HIE) were due to CTG misinterpretation33. Incorrect CTG
classification had contributed to 42.8 % of these cases33.

Financial costs of misinterpretation of
cardiotocographs

The latest NHS Resolution Annual Report & Accounts
(2023/24) has highlighted that the maternity service had
contributed to 62% of the total clinical negligence
provision (£ 58.5 billion) of the NHS and in one year
(2023 /24) 49% of total (£ 5.1 billion) clinical negligence

cost of harm was contributed by the UK maternity
service34. This translates to approximately £13.7 million
paid out every day due to clinical negligence in the UK
maternity service, and CTG misinterpretation resulting in
cerebral palsy, learning difficulties and perinatal deaths
being the major contributor34,

What was the response to poor maternal and perinatal
outcomes due to CTG misinterpretation?

“Knee-jerk reactions” are a known common response to
lack of knowledge in clinical medicine. Fetal scalp blood
sampling (FBS) was hastily introduced as an “adjunct” to
CTG to reduce the false positive rate of the CTG and to
reduce unnecessary intrapartum operative interventions,
in lieu of improving the knowledge of fetal
pathophysiology. Those who advocated FBS and those
who propagated it through national guidelines failed to
realise that the fetal scalp is a peripheral non-essential
tissue  which  undergoes  catecholamine-mediated
vasocontraction to centralise blood flow. Therefore,
similar to marathon runners, the lactic acidosis in the skin
of the fetal scalp due this effective re-distribution reflects
fetal compensation. It was obvious to those who
understood basic human physiology that this lllogical,
unscientific approach of considering the lactic acidosis
due to compensatory fetal response as “abnormal
indicating of fetal distress” would lead to unnecessary
infrapartum emergency caesarean sections, and
operative vaginal births increasing the risks of maternal
morbidity and mortality. Repetitive Cochrane Systematic
Reviews highlighting lack of reduction in emergency
caesarean sections, and improvement in perinatal
outcomes?, and FBS was stopped in the USA and many
countries around the world approximately 30 years ago.
Unfortunately, due to historical beliefs and lack of
knowledge, FBS was continued to be performed in some
European and Scandinavian countries and a handful of
“common-wealth” countries which simply followed UK
guidelines despite the Cochrane Reviews and many
publications highlighting the dangers of FBS35-37. Even
after the scientific publications concluding that the use of
FBS increased the rate of caesarean sections and
operative vaginal births, very unfortunately, FBS was
continued to be performed due to the lack of knowledge
on fetal physiology38-40, despite the full knowledge of
serious maternal complications that may occur due to
unnecessary intrapartum emergency caesarean sections.
i FBS was stopped by the NICE CTG guideline only in
202241, despite the Confidential Enquiries into Maternal
Deaths in the UK highlighting in 2018 a near doubling of
maternal deaths due top postpartum haemorrhage,
predominantly contributed by placenta accreta spectrum
(PAS)42which was mainly due to previous caesarean
sections. Similar attempts at assessing oxygenation
saturation around the fetal face using pulse oximetry also
resulted in dismal failure43, due to the assessment of the
wrong fetal tissue.

The use of illogical fetal scalp stimulation test

Some obstetricians, especially from Republic of Ireland
had embarked on “fetal scalp stimulation” as an
adjunctive test4445 due to the lack of appreciation of the
fact that if the skin of the adult with severe sepsis is
stimulated, they may move their limbs in response to that
stimulus. However, such movement induced by the
stimulation of the skin does not indicate that they are well.
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Similarly, fetuses with chorioamnionitis and fetal
inflammatory response syndrome may show a response
on the CTG trace and by considering this response to
suggest a as “normal, uncompromised fetus” would lead
to disastrous consequences. It is indeed very regrettable
that despite the recent Cochrane systematic Review
questioning the safety of fetal scalp stimulation4é, a
randomised trial is currently being conducted4” despite
the knowledge that babies may be harmed due to the
false negative result during this randomised controlled
trial.

Use of fetal electrocardiograph using illogical CTG
guidelines

Fetal ECG or ST-Analyser (STAN) was introduced into
clinical practice as an adjunct test, and it showed a great
promise because pathophysiology on which the
technology was based, was scientifically very sound 48,
Unfortunately, due to the use of a CTG guideline which
was solely based on pattern recognition (normal,
intermediary, abnormal), the potential benefits of the
STAN technology have been blunted. This is illustrated by
a recent systematic review and a meta-analysis of nine
randomised controlled trials questioning the clinical utility
of STAN4%, Recently, it has been suggested the use of
STAN should no longer recommended using the current
CTG guideline tool introduced by the manufacturer and
a physiological approach to CTG interpretation to
harness the true benefits of STAN to improve outcomes
for women and babies is essential3.

Use of computer software wrongly programmed on
“normal, suspicious, pathological”

Some clinicians embarked on the use of computerised
infrapartum CTG analysis to eliminate the impact of
human error and to reduce inter and intra-observer
variation in interpretation. Unfortunately, they had
programmed the unsuspecting computer software on the
unphysiological  “normal, suspicious, pathological”
classification system. Therefore, it was not surprising that
the two large randomised controlled trials: the multicentre
INFANT Trial from the UKS5', and the multicentre,
European “FM-Alert” Trial52 have both concluded that
computerised Analysis of intrapartum CTG did not
improve maternal or perinatal outcomes. A more recent
systematic review on intrapartum computerised CTG
interpretation has also confirmed its lack of benefits3.

The birth of Physiological Interpretation of CTG and the
Tweris Mini App (Al)

The concepts of physiological interpretation of CTG were
pioneered and implemented at a leading teaching
hospital in London, UK in response to an increased number
of babies who had sustained hypoxic-ischaemic
encephalopathy (CTG) due to the use of “normal,
suspicious, pathological” classification system and
resultant CTG misinterpretation. After the implementation
of physiological interpretation of the CTG, interpretation
was based on the application of knowledge of fetal
physiology and the wider clinical context, a classification
system based on the types of fetal hypoxia was
developed34-58. The main aim was to reduce unnecessary
intrapartum operative interventions, and to totally
eliminate the illogical FBS by the application of fetal
physiology to understand the features of compensation to
differentiate from features of decompensation, as well as

to reduce avoidable intrapartum hypoxia related
hypoxic-ischaemic brain injuries and perinatal deaths.
There was approximately a 50% reduction in the rate of
HIE and emergency caesarean sections after the
introduction of physiological interpretation of CTG38,
which was the driver for the wider dissemination of the
knowledge of physiological interpretation of CTG59-¢9,
by conducting over 150 Physiological CTG Masterclasses
in over 20 countries from 2006 to 2024. This resulted in
several other maternity units showing similar improvement
in perinatal outcomes’%-72, and the publication of the first
international consensus guidelines on physiological CTG
interpretation in 201873. The concepts of physiological
interpretation of CTG have been implemented in more
than 20 countries and a publication from Spain suggested
that this had a better predictive value for neonatal
acidosis as compared to NICE, FIGO and ACOG CTG
guidelines’4. In view of several publications supporting
the concepts of physiological CTG interpretation”5-88, the
physiological CTG guideline was revised in 202489,

Tweris CTG Al Mini App (named after Taouris, a
protective goddess of childbirth and fertility in Ancient
Egyptian Religion), was a collaborative effort between
teams in France, UK, Serbia and Germany to ensure the
democratisation of the knowledge of physiological
interpretation of CTG to protect inherited intelligent
potential of human fetuses and to protect their mothers
from avoidable harm due to unnecessary intrapartum
operative interventions due to CTG misinterpretation
(https:/ /tweris.com/our-solution/). It is based on the
classification tool based on types of fetal hypoxia
recommended by the latest international expert
consensus statement on physiological interpretation of
CTG?9, and the Tweris CTG Al Mini App (TMA) is being
continuously upgraded based on submission of data from
clinicians and several hospitals from in Europe, Asiq,
China, and the Middle East to continuously improve its
accuracy.

Objective

The obijective of this study was to evaluate the agreement
among members of the Editorial Board (EBM) of the
international expert consensus statement on physiological
CTG interpretation8®, members of the international
expert consensus panel (ICP)8?, and the Tweris Mini App
(TMA), which is an Al-based tool CTG interpretation tool
developed based on international expert consensus
statement.

Materials & Methods

Thirty 10—15-minute, anonymised segments of CTG
traces, representing different types of fetal hypoxic
stress (chronic, gradually evolving compensated,
gradually evolving decompensated, subacute, and acute)
and abnormal CTG patterns (atypical sinusoidal or the
“Poole Shark Teeth”, typical sinusoidal and the ZigZag
patterns) were randomly selected.

An independent online link was created

(https:/ /docs.google.com/forms/d /e /1FAIpQLSf5rcVD
4Sf7u6PgnyPVDioapd GIkTCiKUumP)OA3WfrspT-
zg/viewform2pli=1) and this link was sent to 3 EBM and
3 ICP members, who independently reviewed the CTG
traces . Their responses were independently collated and
analysed by the online software. An orthopedic surgeon
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(NK) independently analyzed the same traces using the
Tweris Mini App. Statistical analysis of the database was
performed using the Fleiss' Kappa and Z-scores to
determine statistical significance. Ethics approval was not
required because this was a retrospective study with no
patient identifiable data, and with no interventions.

Results

The overall inter-observer agreement amongst all six
expert assessors was 0.78 (Table 1), and this agreement
was higher with a Fleiss’ Kappa score of 0.8 (95% Cl:
0.72-0.87, p < .001) among the editorial board
members as compared to 0.68 (95% Cl: 0.60-0.76, p <

.001) among international expert consensus panel
members. This observed difference in the degree of inter-
observer agreement between EBM and ICP was
statistically significant (p < .05). The level of agreement
between EBM and the Tweris Mini App was 0.81 (95%
Cl: 0.76-0.87, p < .001), and between ICP and The
Tweris Mini App was 0.73 (95% CI: 0.67-0.79, p <
.001). The agreement between editorial board members
and the Tweris Mini App was higher than between the
international expert consensus panel and the Tweris Mini
App (0.81 vs 0.73, p = .06). However, this difference in
the observer-Al agreement between the two groups of
experts (EBM & ICP) and the Tweris Mini App did not
reach statistical significance.

Table 1. Inter-observer agreements between experts classifying CTG traces based on the principles of physiological
interpretation of CTG, as well as between the experts and the TMA

DIAGNOSTIC RELIABILITY Fleiss Kappa Standard Error 95% CI P value
Among EBM 0.80 0.04 0.72-0.87 <.001
Among ICP 0.68 0.04 0.60-0.76 <.001
Between EBM and ICP 0.77 0.02 0.73-0.80 <.001
Between EBM and TMA 0.81 0.03 0.76-0.87 <.001
Between ICP and TMA 0.73 0.03 0.67-0.79 <.001
Among the 6 observers 0.78 0.01 0.75-0.81 <.001
Discussion All experts correctly identified the features of normal

To our best knowledge, this is the first study which
analysed the interobserver agreement between clinicians
using the principles of pathophysiological interpretation
in their daily clinical practice, as well as the CTG Al App
(TMA), which has been exclusively trained on the
principles of physiological interpretation of CTG. All the
experts had undergone training by attending
physiological CTG masterclasses, and the members of the
expert group (EBM) have demonstrated changes in the
maternal and  perinatal  outcomes  after  the
implementation of physiological interpretation of CTG in
scientific publications, and the members of the
international consensus panel (ICP) are in different stages
in their journey into physiological interpretation of CTG.
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CTG as well as chronic hypoxia (Figure 1), and there was
100% agreement with the TMA. This agreement is
important not only to avoid unnecessary interventions, but
also to ensure timely birth for fetuses with pre-existing
hypoxia with decompensation without misclassifying them
as “suspicious”. Similarly, all the six experts and the TMA
correctly identified acute hypoxia due to a sudden and
profound interruption of fetal oxygenation (Figure 2a),
and the ZigZag pattern due to a rapidly evolving
hypoxia (Figure 2b). This has important clinical
implications because timely recognition is important to
rapidly restore oxygenation to fetal central organs to
avoid hypoxic ischaemic brain injuries and/or perinatal
deaths, and to accomplish immediate birth if reversal of
the hypoxic insult is not possible.
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Figure 1. Features suggestive of a normal CTG (a) and chronic hypoxia (b) which were correctly identified by all the

experts and TMA.
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Figure 2. CTG trace showing features of acute hypoxia (a) and the ZigZag pattern (b), which were correctly identified

by all the experts and TMA.

All experts correctly identified the subacute hypoxic
pattern (Figure 3a), but, when subacute hypoxic pattern
was interspersed with the ZigZag pattern (Figure 3b),
some experts classified this only as “ZigZag” pattern
which was predominant. However, this disagreement is
very unlikely to affect clinical management because the
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Management message
( ring first st e of labowr

a

immediate recommended management by both
international expert consensus statement8?, and the TMA
is the same for both subacute hypoxic pattern and the
ZigZag pattern: immediately stop ongoing stress and
ensure rapid intrauterine resuscitation to restore
oxygenation to the fetal central organs.

< Prediction

Prediction

Subacute Hypoxi:
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[
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Figure 3.CTG features suggestive of a subacute hypoxic pattern (a), and subacute hypoxia with ZigZag pattern (b).
The latter was classified by some experts only as “ZigZag” pattern

The greatest variation in agreements between the
experts as well as between the experts and the TMA was
observed whilst recognising the features of typical
(Figure 4 a) and atypical (the Poole Shark Teeth Pattern)
sinusoidal patterns (Figure 4b). The management of
chronic fetal anaemia and acidosis (typical sinusoidal
pattern), and acute fetal hypovolemia and hypotension

(atypical sinusoidal or the “Poole Shark Teeth” pattern) is
similar. Both require expediting birth, but the degree of
urgency is greater in the latter. However, the TMA
consistently identified these correctly, and this illustrates
the role of Al in recognising and assisting clinicians to
make the correct diagnosis when encountering rare FHR
patterns.
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Figure 4. Note the smooth undulating waveforms characteristic of typical sinusoidal pattern, and sharp, pointed
waveforms characterising the atypical sinusoidal pattern resembling the teeth of the shark, hence termed the “Poole

Shark Teeth” pattern.

Our study highlights that the importance of fetal
pathophysiological knowledge based interpretation of
CTG traces enhances the level of agreement between
experts, and the degree of agreement observed is much
higher than the reported rates by studies using the 3-teir
CTG classification systems!4-25.0ut of desperation, some
even proceeded to a 5-tier classification system90-92, but
simply increasing the number of tiers without
incorporating the application of fetal pathophysiology is
likely to increase confusion without improving outcomes®2,
It is important to appreciate that the level of agreement
reported in the study is for the correct recognition of
seven parameters (four types of fetal hypoxic stress
:chronic, gradually evolving, subacute and acute, as well
as for 3 different patterns suggestive of abnormal CNS
function (the ZigZag, Typical sinusoidal and Atypical
sinusoidal or the Poole Shark Teeth patterns), as opposed
to several studies reporting a lower level of agreement
for recognition of only 3 parameters (normal, suspicious,
pathological)'4-25, This illustrates that the application of
the knowledge of fetal pathophysiology to recognise a
combination of features of FHR (chronic and subacute
hypoxic stress) or a sequence of features (gradually
evolving hypoxia: compensated or decompensated)
enables a higher degree of interobserver agreement.
This is important because this pathophysiological

© 2024 European Society of Medicine

approach to the interpretation of observed FHR changes
will help reduce variation in clinical, management
potentially leading to improved, and consistent maternal
and perinatal outcomes by eliminating inter-observer
variability. Our study highlights the importance of the
Tweris Al App, which has been exclusively trained on the
recognition of FHR changes based on fetal
pathophysiology in reducing interobserver variability,
and thereby, potentially improving maternal and
perinatal outcomes by reducing human error.

The main strength of the study is the application of fetal
pathophysiology whilst interpreting CTG traces based on
the principles of stipulated by the international expert
consensus statement of physiological interpretation of
CTG. This approach differs from the traditional random
grouping of features into different categories (“normal,
suspicious, pathological” or “category |, Il or ) because
the clinicians have to consider a combination of CTG
features to recognise chronic hypoxia and subacute
hypoxia, and a sequence of evolving features to
recognise a gradually evolving hypoxia by the
application of the knowledge of fetal pathophysiology.
Moreover, it involves differentiating features suggestive
of fetal compensation to ongoing hypoxic stress from
features of decompensation (Figure 5).
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Figure 5. Gradually evolving hypoxia with features of compensation (a) were correctly differentiated from features of

decompensation (b) by the TMA

In addition, we compared the level of agreements of
experts with the novel TMA, which is exclusively trained
to recognise different types of hypoxic stress. It is user
friendly and easy to use and also has a ChatBot for
frontline clinicians to get additional information relating
to physiological interpretation of C1G
https: //drive.google.com /file /d /1cJr WqicGOWFQW
Sd-bl72NgzO6k5JSnY /view2usp=sharing.

It may be argued that the limitation of our study is that
we only analysed 30 CTG traces. However, several other
studies which determined the interobserver variability
using intrapartum CTG traces have used a similar or
fewer CTG traces to determine inter-observer agreement
142293, We had 7 experts comprising of 3 obstetricians
(EC,LV,TM), 3 midwives (KG,ME,Cl) and an independent
orthopaedic surgeon who had expertise in Al, which was
unique. Moreover, we have 3 experts from EBM and 3
experts from ICP to reflect the real-life situation that
expertise in pathophysiological interpretation evolves
with time, to make our study clinically applicable.

Implications for Clinical Practice

To our best knowledge, this is the first scientific study that
determined the level of interobserver agreement
amongst experts who use physiological interpretation of
CTG in their daily clinical practice. In comparison to
earlier studies determining the interobserver agreement
reporting only poor or modest agreements (Kappa 0.3
to 0.6) for classification systems using “normal, suspicious,
pathological’ (i.e., 3-tier classification systems), the use of
physiological interpretation of CTG is associated with
overall good agreement (Kappa=0.78), and excellent
agreement amongst the editorial board members
(Kappa = 0.81). However, the levels of agreement
between the two groups of experts (EBM & ICP) and
Tweris Mini App did not reach statistical significance
which suggests that the Tweris Mini App may have a vital
role in eliminating interobserver variation by eliminating
human errors relating to pattern recognition. This may not
only improve the consistency in the interpretation of

intrapartum fetal heart rate changes, but also may help
avoid human and financial costs of CTG misinterpretation.

Conclusion

The inter-observer agreement when using physiological
CTG interpretation surpasses that of the inter-observer
agreement reported with traditional systems of CTG
classification, with higher interobserver agreement
among EBM compared to ICP. There was a substantial
agreement between EBM and TMA, which was higher
than between ICP and TMA. These findings highlight the
potential of Al-assisted tools, such as TMA, based on
physiological CTG interpretation, to provide expert-level
diagnostic accuracy in clinical practice. TMA was found
to be superior in consistently recognising rare fetal heart
rate patterns such as typical and atypical (Poole Shark
Teeth patterns).
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