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Abstract: Intrapartum fetal surveillance aims to predict
significant fetal hypoxia and institute timely intervention to
avoid fetal injury, and do so without unnecessary operative
delivery of fetuses at no risk of intrapartum hypoxia. How-
ever, the configuration and application of current clinical
guidelines inadvertently undermine these aims because of
persistent failure to incorporate increased understanding of
fetal cardiovascular physiology and adaptations to oxygen
deprivation, advances in signal acquisition/processing, and
related technologies. Consequently, the field on intrapartum
fetal surveillance is stuck in rudimentary counts of the fetal
R–R intervals and visual assessment of very common, but
nonspecific fetal heart decelerations and fetal heart rate
variability. Thepresent authors argue that the timehas come
to move away from classifications of static morphological
appearances of FHR decelerations, which do not assist the
thinking clinician in understanding how the fetus defends
itself and compensates for intrapartum hypoxic ischaemic
insults or the patterns that suggest progressive loss of
compensation.We also reappraise some of the controversial
aspects of intrapartum fetal surveillance inmodern obstetric
practice, the current state of flux in training and certifica-
tion, and contemplate the future of the field particularly in
the context of the emerging role of artificial intelligence.

Keywords: artificial intelligence; fetal physiology; intra-
partum fetal surveillance.

Introduction

The purpose of intrapartum fetal surveillance is to predict
significant fetal hypoxia and intervene timeously before

the fetus incurs injury. A second important, but under-
stated aim of intrapartum fetal monitoring, is avoidance
of emergency operative delivery of fetuses at no risk of
intrapartum hypoxia. Unnecessary operative delivery
carries significant risks for both mother and baby partic-
ularly in advanced stages of labour and adds to health-
care costs [1, 2]. For example, in 2008, an estimated
6·20 million unnecessary Caesarean sections were done
worldwide at an estimated cost of $2·32 billion, whilst the
cost of needed but unmet Caesarean sections globally at
the timewas about $432million [3]. Our profession should
reflect on these inequities and what they mean for our
values and practice, even locally. Compared to other
clinical specialities, intrapartum fetal monitoring has
seen less application of advances in technology. Although
modern fetal heart rate (FHR) monitors look better, and
have more features including interactivity, intrapartum
fetal monitoring is still rooted in rudimentary counts of
the fetal R–R intervals, visual assessment of very com-
mon, but nonspecific decelerations and FHR variability.
The presumption is that these parameters somehow
define fetal compromise without emphasis on the critical
temporal relationships between them. This approach is
embedded in our clinical guidelines, training, and prac-
tice despite 50 years of increased understanding of the
behaviour and regulation of the fetal cardiovascular sys-
tem during labour, and its adaptations to oxygen depri-
vation [4, 5]. Other intrinsic but visually unseen features
of the FHR have not been studied or tested sufficiently for
clinical utility.

It is time to move away from classifications of static
morphological appearances of FHR decelerations into
descriptive categories as these do not assist the clinician
in understanding how the fetus defends itself and com-
pensates for intrapartum hypoxic ischaemic insults or
grasp the patterns that suggest progressive loss of
compensation. In this review the authors reappraise
some of the controversial aspects of intrapartum fetal
surveillance in modern obstetric practice including
intermittent auscultation (IA), the admission test (AT),
electronic fetal monitoring (EFM), physiology of
FHR decelerations, fetal blood sample (FBS), fetal
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ST-segment analysis (STAN), and the current state of
training and certification.

The silence of current guidelines on relevant
pathways to fetal injury

In 2014 the Royal College of Obstetricians and Gynaecolo-
gists (RCOG) launched the National quality improvement
programme “Each Baby Counts (EBC)” with the aim of
halving the number of babies who die or suffer severe
disability because of avoidable incidents during term
labour, by the year 2020. Since these incidents are rare, it is
unlikely that common themes and trendswill be obvious in
single centre reviews, hence a national level analysis is
warranted. The EBC reports found that for many of the
babies, different care might have resulted in a different
outcome [6, 7]. This is not dissimilar to the findings of the
report of the 4th Confidential Enquiries into Stillbirths and
Deaths in Infancy (CESDI) [8], which preceded the EBC
initiative, and other national reviews and audits including
the Perinatal Mortality Review Tool (PMRT), and the more
recent report of Ockenden independent review ofmaternity
services at the Shrewsbury and Telford Hospital NHS Trust
[9]. The findings are also consistent with the results of a
secondary analysis of the INFANT trial [10] and with
medicolegal claims [11]. Collectively, these reports high-
light the very complex nature of maternity care. For
example, analysis of the EBC reviews identified over 3,800
intricately related critical contributory factors, with an
average of six contributory factors for each baby. This
suggests that we need complex and highly nuanced solu-
tions to the issue of intrapartum fetal injury. The EBC report
identified fetal monitoring, human factors, and neonatal
care as problematic areas, and acknowledged the compli-
cated interrelatedness of these domains. Therefore,
improving fetal monitoring skills without cohesive mater-
nity teams, with the knowledge and expertise to appraise
“the full clinical picture” will be futile and ineffective.

In practice the “full clinical picture” is a nebulous and
ill-defined obstetric “slogan” or “sound bite”. It often refers
to a mixture of complex clinical scenarios associated with
fetal damage such as maternal fever, chorioamnionitis, fetal
inflammatory response (FSIR) and its synergistic interaction
with hypoxia, use of uterotonic agents, meconium staining,
and maternal disease, to name a few. Undiagnosed devel-
opmental disorders of the placenta have a role too. These
scenarios may operate outside of the hypoxia pathway
but cause direct fetal neurologic damage or sensitise the
fetus to amplified injury if exposed to hypoxia ischaemia.

Current national guidelines do not provide unambiguous
or comprehensive algorithms for intrapartum FHR interpre-
tation with recommendations for managing these scenarios.
It is unlikely that consistent and effective response to
abnormal FHR patterns in these situations will happen
without the development of such algorithms. Unfortunately,
the mechanisms involved, the magnitude of the risks, and
the nature of the interactions between these complex factors
are poorly understood at the present time. The profession
needs to acknowledge that many more babies probably
suffer injury from these noxious factors than from de novo
intrapartum fetal hypoxia, and we need to invest the
necessary resources in understanding the mechanisms and
pathways to strengthen our practice guidelines.

The regulation and relevance of FHR
decelerations to fetal wellbeing

Fetal heart rate decelerations characterised by rapid but
transient falls in the FHRare reflex cardiovascular responses
to brief interruption of oxygen delivery to the fetus. They are
almost always associated with uterine contractions, which
may or may not be clinically apparent. The specific reflex,
which mediates FHR decelerations is surprisingly contro-
versial probably because of the persistence of some
unsupported historical hypotheses. The proposal that vari-
able decelerations are a reflex response to abrupt changes in
blood volume and arterial pressure secondary to umbilical
cord compression is regularly cited and taught in fetal
monitoringmodules but is not supportedby experimental or
clinical evidence. The FHR in the near-term fetal sheep
decelerated only when umbilical cord compression reduced
blood flow by 50% or more [12], and no significant changes
in arterial blood pressure were observed in response to cord
compression [12, 13]. Therefore, the baroreflex could not
havebeen triggeredduringpartial occlusionof theumbilical
cord. By contrast, rapid and complete cord occlusion elicits
two separate increases in fetal arterial pressures. Firstly, a
small and transient increase in arterial pressure, which is
within normal baseline arterial pressure fluctuations, and
thought to be due to the removal of the low resistance
vascular bed of the placenta. This is unlikely to trigger the
baroreflex. Secondly, a much larger and sustained increase
in arterial pressure, which takes 2–3 min to fully develop
and occurs after the onset of FHR deceleration [12, 14, 15].
Given the time required for the increase in arterial pressure
to kick-in it could not have contributed to the initial fall in
FHR, Figure 1 reproduced with permission of the publisher,
Wiley. Critically, this second increase in arterial pressure is
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mediated by increased sympathetic nervous system activity
leading to peripheral vasoconstriction [12, 16, 17]. In contrast
the baroreflex response is inhibitory to the sympathetic
system and leads to peripheral vasodilatation [18]. There-
fore, the baroreflex cannot possibly explain the intense pe-
ripheral vasoconstriction during acute umbilical cord
occlusion.

This is unequivocal evidence that the peripheral
chemoreflex is active during fetal life and readily explains
majority of intrapartum decelerations independent of any
umbilical cord compression or occlusion. The fetus relies
on continuous placental and umbilical blood flow for
oxygen delivery. However, increases in intrauterine
pressure during contractions may reduce maternal uter-
ine artery blood velocity by up to 73% [19], umbilical ar-
tery blood flow during variable decelerations in the
human [20], and during second stage contractions in the

bovine fetus [21]. Uterine contractions result in impaired
fetal arterial oxygenation, regardless of direct or indirect
umbilical cord compression [22]. The key efferent arms of
the chemoreflex are the rapid vagally-mediated FHR
deceleration, and sympathetic nervous system-mediated
peripheral vasoconstriction by release of vasoactive me-
diators [14, 23], including adrenal catecholamines [16, 17]
vasopressin [24], and neuropeptide Y [25]. The immediate
fall in cardiac output due to the FHR deceleration is offset
by sympathetic-mediated peripheral vasoconstriction.
The combined effect of these responses maintains/in-
creases arterial pressure and consequently blood flow to
the “central organs” including the brain, heart, and ad-
renals [23].

Taken together the evidence is compelling that the
peripheral chemoreflex and not the baroreflex is the key
mediator of intrapartum FHR decelerations independent
of umbilical cord compression or occlusion. The recent
attempt to classify FHR decelerations into two categories
namely, those caused by “baroreceptors” and those
caused by “chemoreceptors” based on their morpholog-
ical appearance and timing of onset is misguided and
misleading, and contrary to available experimental evi-
dence. The reader is referred to our recent detailed review
of the subject [26].

Electronic fetal monitoring (EFM) with the
cardiotocograph (CTG)

The most recent update of Cochrane systematic reviews
comparing continuous CTG with and without fetal blood
sampling (FBS) with no fetal monitoring, intermittent
auscultation (IA), and intermittent CTG included 13 trials
involving over 37,000 women [27]. There were no studies
comparing continuous CTG with no fetal monitoring. One
trial (4,044 women) compared continuous CTG with
intermittent CTG, and the other trials compared continuous
CTG with IA. The results showed that continuous CTG did
not significantly improve overall perinatal death rate
compared to IA (RR 0.86, 95%CI, 0.59–1.23, n=33,513, 11
trials), but continuous CTG was associated with 50%
reduction in neonatal seizure rates (RR 0.50, 95% CI
0.31–0.80, n=32,386, 9 trials). No differences in cord blood
acidosis (RR 0.92, 95% CI 0.27–3.11, n=2,494, 2 trials, or
cerebral palsy rates (RR 1.75, 95% CI 0.84–3.63, n=13,252, 2
trials) were observed. Continuous CTG was associated with
an increase in Caesarean sections (RR 1.63, 95% CI
1.29–2.07, n=18,861, 11 trials) and instrumental vaginal
births (RR 1.15, 95% CI 1.01–1.33, n=18,615, 10 trials).
Compared to intermittent CTG, continuous CTG made

Figure 1: Fetal heart rate (FHR, beats min–1 (bpm)) and mean arterial
pressure (MAP, mmHg) during three successive 1 min complete
umbilical cord occlusions, repeated every 5 min in a near-term fetal
sheep (0.85 of gestation). The periods of occlusion are shown in
grey. Additionally the release of occlusion is not associated with the
development of hypotension below baseline levels. The first
occlusion shown here is the 18th in a series of 49 occlusions; at this
time arterial pH was 7.358, with a lactate of 1.6mmol l–1. Data are 1 s
averages.
Source: Lear CA, Galinsky R, Wassink G, Yamaguchi K, Davidson JO,
Westgate JA. et al. The myths and physiology surrounding
intrapartum decelerations: the critical role of the peripheral
chemoreflex. J Physiol 2016;594:4711–25.
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no difference to Caesarean section rates (RR 1.29, 95% CI
0.84–1.97, n=4,044, 1 trial) or instrumental births (RR 1.16,
95% CI 0.92–1.46, n=4,044, 1 trial). The evidence was
assessed using GRADE and most outcomes were graded
as low-quality evidence (perinatal death, cerebral palsy,
Caesarean section, and instrumental vaginal births) for
design limitations, inconsistency, and imprecision of
results. The remaining outcomes were graded as moderate
quality (neonatal seizures), and very low quality (cord
blood acidosis), due to similar concerns.

The review authors concluded that CTG during labour
was associatedwith reduced rates of neonatal seizures, but
no differences in cerebral palsy, infant mortality, or other
measures of neonatal wellbeing: and that continuous CTG
was associated with increased rates of Caesarean sections
and instrumental vaginal births. Freedom of movement,
easy change of birthing positions, or use of the birthing
pool to help with comfort during labour are difficult, if not
impossible, with continuous CTG. In addition, continuous
CTG monitoring inadvertently consumes a dispropor-
tionate amount of the caregiver’s time for interpretation
with less focus on thewoman’s needs in labour. The review
authors considered whether future RCTs should measure
efficacy or effectiveness, and long-term effects of operative
births for women and babies. We know that the links
between antenatal or intrapartum events, neonatal sei-
zures, and long-term neurodevelopmental outcomes, are
yet to be fully mapped out. Obstetricians and midwives
should discuss womens’ needs with them including their
wishes about intrapartum fetal monitoring.

Pathophysiological framework for
intrapartum FHR interpretation

Since a normal CTG likely, but not invariably, suggests fetal
neurological integrity, normoxia, absence of significant
acidosis or acidaemia, low risk of intrapartum asphyxia,
and fetal capability to react and defend itself against
intrapartum hypoxia, the authors pioneered and intro-
duced the approach of monitoring babies in labour by
focusing on the type of hypoxia, which might develop
during labour fromapreviously normal CTGnamely,acute,
subacute, and gradually developing hypoxia. The general
characteristics of these hypoxia subtypes and the algo-
rithm for their clinical application are reviewed in detail
elsewhere [4, 5]. They can be applied as a stand alone
approach to FHR monitoring or as an adjunct to existing
clinical guidelines to improve the quality of CTG interpre-
tation and recognition of patterns, which suggest fetal
decompensation and risk of injury.

The first and most critical step in the application of
fetal physiology to CTG interpretation is the identification
and management of the baby in the latent phase or early
labourwith unexplained baseline FHR tachycardia, with or
without decelerations, reduced or normal (even increased)
FHR variability, particularly in association with meconium
staining of the amniotic fluid. Babies with this CTG pattern
characteristically have altered behavioural state and do
not exhibit alternating periods of reduced vs. increased
FHR variability, ± accelerations, so called fetal cycling ac-
tivity. Fetal cycling activity is a key behavioural state of the
normal neurologically intact term or near-term fetus
without significant hypoxia or acidaemia. Consideration
should be given to pre-existing feto-placental infection,
chronic hypoxia, meconium aspiration syndrome, feto-
maternal haemo antecedent brain injury, intracranial
haemorrhage, maternal systemic disease, drugs including
recreational substances, and chromosomal abnormalities.
This pattern is not specific for chronic hypoxia as have
been erroneously suggested by some. Senior staff
involvement should be sought early and delivery by
Caesarean section considered depending on the clinical
situation. Obstetricians should also beware that rapid fetal
decompensationmay occur without warning. The outcome
may still be unfavourable even with early delivery, and
attributable to the underlying disorder but intrapartum
exacerbation of the pre-existing insult will be avoided.
Although many other maternity units have adopted this
approach to CTG interpretation plans are underway to test
its clinical utility systematically and more widely.

The role of fetal scalp blood sampling

A fetal blood sample (FBS) is indicated if the CTG is inter-
preted as pathological. It needs to be performed bearing
in mind the whole clinical context and the woman should
be fully informed. Evidence from systematic review of 6
studies showed that the rates of Caesarean section and
instrumental vaginal birthwere higher inwomenwhowere
monitored with CTG plus fetal blood sampling (FBS)
compared to women monitored with intermittent auscul-
tation (IA) only. The rates of resuscitation, neonatal sei-
zures, and Apgar score <7 at 5 min were lower in babies
born to women who were monitored with CTG plus FBS
compared to babies born to women monitored with IA or
CTG only. Neonatal acidaemia was lower in women
monitoredwith CTG plus fetal blood sampling compared to
monitoring with CTG alone, but there was no difference
when compared to women monitored with IA. No differ-
ence was found between the 2 groups in the incidence of
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cerebral palsy [27]. Since fetal scalp pH estimation is un-
dertaken when the CTG was classified as pathological, it
follows that the accuracy of CTG interpretation is critical to
the performance of FBS. If the label “pathological CTG” is
assigned followed by FBS in babies who are not at genuine
risk of intrapartum hypoxia the usefulness of FBS, and pH
estimation will be degraded. It is likely that this was the
case in at least some of the studies included in the sys-
tematic review. We know that the need for FBS to confirm
fetal acidosis in a pathological CTG is significantly reduced
with the recognition of CTG features, which are associated
with acidaemia. It is therefore unsurprising that the cor-
relations between fetal scalp pH, the CTG, and perinatal
outcomes have been poor. Clinicians should beware that in
the presence of chorioamnionitis, or significantmeconium,
FBS results may be falsely reassuring. There is no differ-
ence in acid base status between infected babies and their
non-infected peers however, infected neonates have
significantly lower 5 min Apgar scores compared to their
uninfected counterparts [28].

Intelligent Intermittent Auscultation (IIA)

Systematic reviews and meta-analyses of trials comparing
continuous electronic FHR monitoring using the car-
diotocograph (CTG) to IA show that CTG monitoring was
associated with increased risk of Caesarean section without
improvement in perinatal outcomes in women at low risk of
intrapartum hypoxia [27]. Therefore, the National Institute
for Health and Clinical Excellence (NICE) recommends the
use of intermittent auscultation for fetal surveillance during
labour in women without pregnancy complications, that is,
low-risk women. However, there is no evidence for the ideal
device to use, the timing, duration, and frequency of IA. The
guidance for the conduct of IA is to firstly palpate and
document the maternal heart rate (MHR) and listen to the
FHR for 60 s after a uterine contraction every 15 min in
the first stage of labour and every 5 min in the second stage.
www.nice.org.uk/guidance/cg190/chapter/
recommendations#monitoring-during-labour.

This is to detect late or complicated variable de-
celerations, which are associated with the development
of fetal acidosis. The concept of Intelligent Intermittent
Auscultation (IIA) has been proposed to improve the
detection of healthy FHRaccelerations, decelerations after a
contraction, overshoots, and early recourse to Continuous
Electronic Fetal Monitoring (CEFM) if indicated. In practice
the midwife listens to and counts the FHR for 60 s in six lots
of 15 s each and examines the similarities, variations, and
timing of the numbers to deduce the occurrence of

decelerations or accelerations https://doi.org/10.1186/1471-
2393-14-184. The reader is referred to Chapter 3 of the book
“Intrapartum Surveillance” (in press) by the same authors
for detailed discussion of the practice of IIA. Somemidwives
may find this approach cumbersome in practice. More
recently a structured variation of IIA has been developed
(ISIA) to include assessment of antenatal factors, findings
on abdominal examination, uterine contractions, fetal
movements, and FHR, to further improve selection of suit-
ability to IA [29]. Recording of fetal movements and deter-
mination of FHR increase associated with fetal movements
are the two key concepts incorporated into the ISIA frame-
work [29].

Admission test/cardiotocograph (CTG)

Admission test (AT) was introduced and widely practised
in the 1980s as a screening test administered in early labour
for the detection of pre-existing or subsequent intrapartum
“fetal distress”. It was based on the findings of an obser-
vational study, which showed that AT predicted 5-min
Apgar score <7, new-born acidaemia, and operative de-
livery for fetal distress [30]. However, systematic review
and meta-analysis of four RCTs comparing AT to intermit-
tent auscultation found no evidence of benefit for the use of
the admission CTG in low-risk women on admission in la-
bour [31]. In addition, admission CTG increases the
caesarean section rate in low-risk women by a non-
statistically significant 20% without evidence of benefit
[31]. The data lacked power to detect possible important
differences in perinatal mortality. In practice the CTG is a
very complex tool and is affected by many factors, some of
which are mediated via non-hypoxia pathways making the
AT insensitive and the fetus may decompensate later in
labour. Furthermore, injury from an antenatal insult may
still be evolving or the fetus may have recovered meta-
bolically andwith good cardiovascular function, but with a
residual neurologic injury. Phelan et al. showed that about
half of brain-damaged fetuses may present with a normal
CTG in early labour and nearly 10% of them maintained a
normal CTG throughout labour [32, 33]. It is likely that AT
performs poorly as a screening test in part because it relies
on visual analysis and interpretation of the CTG by human
eye and individual experience without consideration or
inclusion of the clinical factors such as those identified in
CESDI, EBC, INFANT study, and the recent Ockenden
report [6–9]. To address this gapwe recently used routinely
collected clinical data in a large tertiary hospital to inves-
tigate whether infants with “severe compromise” at birth
exhibited FHR abnormalities in their CTGs during the first
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hour of admission in labour [34]. We found that FHR
tachycardia, non-reactive CTG pattern, reduced long- and
short-term variability, decelerative capacity, and absence
of accelerations, were significantly higher amongst babies
with severe compromise during the first hour of admission,
compared to those without severe compromise. Further-
more, thickmeconium, fever, and small for gestational age
were more common in severely compromised infants [34].
There is ongoing work to re-appraise the role of the
admission test using an algorithm, which incorporates
objective tools such as the Oxford System (OxSys) for CTG
analysis based on “big” datasets, and important clinical
factors.

Fetal ECG–ST waveform analysis

Fetal electrocardiogram (FECG) waveform analysis (STAN)
was introduced in the 1990s to reduce perinatal morbidity
and mortality. Animal experimental data have shown that
key components of fetal adaptation to stressors including
hypoxia include catecholamine surge and preferential in-
crease in blood flow and oxygen delivery to the myocar-
dium [35]. The catecholamine surge results in mobilisation
of stored myocardial glycogen, a shift in glucose and K+

ions, leading to increased T-wave amplitude [36]. The
STAN technology relies on computerised analysis of
changes in the ST segment of the FECG as they relate to
metabolic events in the fetal myocardium during hypoxia.
The tool is applicable and validated for fetuses who are 36
completed weeks of gestation or more. Significant ST
events, when judged along with the CTG, indicate the need
for intervention, which may include alleviation of a cause
of abnormal FHR pattern such as oxytocin overstimulation
or maternal hypotension, or delivery of the baby. If the ST
event occurred in the active phase of the second stage of
labour, delivery within 20 min is recommended. In the
already compromised fetuswith lack of FHR variability and
reactivity or a persistently prolonged deceleration imme-
diate delivery is warranted. In the authors’ experience
successful use of STAN requires regular and universal staff
usage regardless of time of day, ongoing cycles of training,
retraining, case reviews with particular focus on physio-
logical CTG interpretation, availability of a central moni-
toring display unit, and audit. The methodology is not
currently recommended by the UK National Institute for
Health and Care Excellence (NICE).

The STAN methodology was developed and validated
using the first FIGO 1987 guidelines on CTG classification
and the 2007 revision of the STAN guidelines. However, a
newFIGO classification system for CTG interpretation came

into force in 2015 [37], raising the question whether this
new classification system is applicable to STAN. Research
using existing databases have identified CTG patterns,
which are associated with ST events and adverse outcomes
but not covered by existing CTG classifications. The in-
vestigators concluded that any CTG classification system
may be used, provided a more physiologically based
interpretation is applied for CTG assessment in relation to
ST events [38, 39]. Earlier studies on STAN showed prom-
ising results from some studies [40, 41] but inconsistent
results in others [42]. This disparity prompted computer-
isation of ECG analysis and calculation of rise in fetal
T/QRS ratio from its own baseline instead of fixed values
applicable to all fetuses.

Several meta-analyses on the role of STAN monitoring
have been published albeit with variable selection criteria,
inclusion or not, of revised data from primary trials, and
end points including Caesarean delivery, metabolic
acidosis, neonatal encephalopathy or death, low Apgar
score, and intubation for ventilation support. The results
have unsurprisingly been inconsistent [43–46]. However,
Blix et al. used corrected datasets, the most appropriate
methodology, and analyses, and concluded that CTG plus
ST monitoring reduced operative vaginal delivery rates by
8% (RR, 0.92; 95% CI, 0.86–0.99) and metabolic acidosis
rates by 36% (OR, 0.64, 95% CI, 0.46–0.88) [45]. This is
in contrastwith the non-significant reductions inmetabolic
acidosis reported in the Cochrane database of systematic
reviews and meta-analyses, 28% (RR, 0.72, 95% CI,
0.43–1.20) [43], for example. In the authors’ opinion the
balance of current evidence suggests that ST segment
analysis significantly reduced metabolic acidosis, opera-
tive deliveries, and FBS rates. Maternity units considering
the introduction of the STANmethodology for intrapartum
fetal surveillance should invest in intensive andmandatory
staff training, competency testing, and retraining, partic-
ularly in fetal and labour physiology, labours complicated
by infection, meconium, and undertake regular case
reviews, acquire central monitoring systems, and data
archiving systems to support practice and audit.

Current state of training in intrapartum fetal
surveillance

The teaching and practice of classifying the baseline FHR,
variability, accelerations, and decelerations, as though
they are independent indicators of fetal health is flawed [4,
5], hence the predictable doubt over the efficacy and utility
of CTG training programmes [47]. There are currently no
systematic or validated modules for mandatory training
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and testing of clinicians’ knowledge and competence in
intrapartum fetal monitoring before they take charge of
intrapartum fetal monitoring in the UK and in most other
developed countries [48]. Moreover, we do not know what
the optimum number of hours, the content, and frequency
of training are, what the best format of instruction, or the
design of a necessary mandatory test that is fit for purpose
[48]. Although we administer mandatory tests of CTG
knowledge and competency at St. George’s University
Hospital, London, with the pass mark set arbitrarily at
85%, we are conscious that testing clinicians without
establishing the validity of the tests first is less than ideal
[49]. Obstetricians and Midwives who do not make the
required 85% pass mark are assigned to more senior
obstetricians or midwives for further training and case
reviews on the Central monitoring, and archiving systems.

Appropriate CTG interpretation occurs in a complex
environment including organisational setup and structure,
human factors, and communication. Therefore, this envi-
ronmental context, communication, emergency response,
and guidelines should be tested in studies of educational
interventions [50].

The future of intrapartum fetal surveillance

The future of intrapartum FHR monitoring will see a total
shift away from the current classification of snapshots/
static FHR features such as baseline rate, variability, and
decelerations as a basis for estimating the risk of intra-
partum hypoxia, towards trend analysis of fetal physio-
logical adaptation to evolving/pre-existing hypoxia and
other stressors, as the appropriate template for the defini-
tion of intrapartum hypoxia and decompensation. Field
trials evaluating this approach will be invaluable. How-
ever, visual interpretation of FHR signals is still subjective
and suffers from significant inter- and intra-observer vari-
ability [51, 52], hence computer-aided diagnostic systems
based on artificial intelligence (AI) technology will be the
leading tools to assist obstetricians and midwives in
making more objective decisions in future. Whether these
systems can effectively capture and quantify the role
played by noxious factors associated with adverse peri-
natal outcome such as fever, meconium, chorioamnionitis,
FSIRS and synergistic interaction with hypoxia, fetal
strokes, FGR, maternal disease, placental disorders,
excessive moulding etc., depends on the success of math-
ematical interrogation of very large datasets, and improved
risk prediction through the development of machine
learning.

Machine learning is the process through which com-
puter algorithms develop the ability to recognise patterns,
continuously learn from data, make predictions based on
the data, and make corrections without specific human
programming to do so. Deep learning algorithms’ neural
networks are constructed to replicate the structure of the
human brain with learning capabilities to get better at a
task over time without human feedback. These systems are
already being tested and applied in the field of intrapartum
fetal surveillance [53–56].

Initial attempts at CTG analysis using AI failed
because the algorithms simplymimicked humanmethods
of CTG analysis such as recognition of baseline FHR,
variability, and decelerations and therefore were no
different from adding a “second evaluator with similar
instructions” [57]. Systematic reviews of AI for CTG
interpretation found no reduction in adverse perinatal
outcomes including neonatal acidosis, seizures, death,
unnecessary interventions, or neonatal intensive care
admissions, suggesting the need for the capability to
analyse features, which are not obvious to the human for
these systems to be effective [57–59].

The INFANT system uses numerical algorithms and
neural networks to extract and quantify FHR features
typically interpreted by the human in current practice such
as baseline rate, variability, accelerations, decelerations,
and their temporal relationships with contractions; clinical
information, such as cervical dilation, analgesia, FBS; and
risk factors including FGR, abruption, and meconium; to
interpret the data and provide decision support, but not
recommendations for clinical actions [60]. A multicentre
RCT of the INFANT system on 47,000 participants found
no improvement in clinical outcomes, despite correctly
and effectively detecting FHR abnormalities [61], suggest-
ing that substandard care was not due to failure to identify
abnormal CTG but the consequence of poor clinical man-
agement decisions made after the identification CTG
abnormalities. The trial decision-support system did not
include clinical information relating to labour itself such as
the duration and progress, leading investigators to suggest
that including this information in the decision support
systemmight have improveddecisions to escalate. Another
AI-based system Omniview-SisPorto 3.5 analyses and
classifies the CTG into four categories based on FIGO
guidelines and provide alerts. Results of an RCT of the
system on 7,320 participants found no reduction in
neonatal acidosis and obstetric interventions between
the intervention and control arms [62]. A small RCT of
quantitative cardiotocography (qCTG) decision-support
system, which computes FHR, FHR micro-fluctuations,
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and decelerations, including 720 participants found
reduced incidence of hypoxia, acidaemia, and operative
deliveries in the intervention arm compared to the control
arm [63]. Alternative AI-based CTG interpretation systems
applying feature engineering theory from other domains or
the use of phase-rectified signal averaging (PRSA) to
compute the mean decelerative capacity of FHR have
shown encouraging results [64], but yet to be validated in
large RCTs. It is highly likely that these systems will com-
plement, if not replace existing human interpretation of the
intrapartum FHR over time.

Conclusions

The field of intrapartum fetal surveillance is finally on the
verge of aligning its principles and practices with advances
and developments in fetal and labour physiology, data
science, and artificial intelligence. Modern computer sys-
tems use advancedmachine learningmethods and include
a wider range of analyses, are immune to human factors
such as bias, poor communication, tiredness, distraction,
etc., and are available round the clock. The impact of this
realignment will be profound, particularly in the more
controversial aspects of the field. CTG interpretation is a
core and essential skill, which requires the development of
quality-controlled training modules ideally embedded in
appropriate organisational, human factors, team dy-
namics, and clinical context. The development of the right
training modules is a pressing priority and should be
strengthened with validated tests to provide reassurance
that practitioners who have undergone training and certi-
fication can be relied upon to provide aminimum standard
of safe and good quality care.
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