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Abstract

Cardiotocograph (CTG) trace was introduced into clinical practice in 1960s as a tool to record
the changes in the fetal heart rate (cardio) in response to ongoing uterine contractions (toco).
The intention was to timely recognise the features of fetal decompensation so that immediate
action could be taken to avoid hypoxic ischaemic encephalopathy (HIE) and/ or intrapartum
hypoxia-related perinatal deaths, without increasing unnecessary operative interventions to
the mother. However, very unfortunately, unlike other tools in clinical medicine, CTG was intro-
duced into clinical practice without any randomised controlled trials or robust scientific studies
not only to confirm its effectiveness, but to determine the CTG features which actually reflect-
ed fetal central organ oxygenation. This chasm of deficiency of knowledge of fetal physiology
created a vacuum of understanding regarding what features were reflecting fetal compromise.
Regrettably, this vacuum was soon filled by prominent obstetricians from national societies
who were presumed to have the knowledge, but they began the arduous journey of classifying
decelerations which are normal fetal cardioprotective reflexes, and they misclassified them as
signs of “fetal distress”. Classification of these decelerations based on the observed morphol-
ogy into “reassuring” and “nonreasoning” categories has resulted in disastrous consequences
for women and babies. In the UK, since the publication of the first CTG guideline in 2001, due
to continuing lack of knowledge and confusion, these guidelines were repetitively revised in
2007, 2014, 2017 and 2022. Despite the international consensus guidelines of physiological
interpretation of CTG produced by 44 CTG experts from 14 countries which recommended clas-
sification of CTG traces based on the type of fetal hypoxia and fetal response to stress, the lat-
est revised guideline produced by the National Institute of Health and Care Excellence (NICE),
had continued the illogical approach of grouping arbitrary features into different categories
and then randomly combining them to classify the CTG traces into “Normal, Suspicious and
Pathological”. Therefore, all practising clinicians who are focussed on protecting their patients
from harm have a responsibility to ask the question whether the revised NICE CTG Guideline
itself is suspicious or pathological from a patient safety perspective.

Keywords: Cardiotocograph; Suspicious; Pathological; Fetal blood sampling; ZigZag pattern;
“How is THIS Fetus?”; Physiological CTG interpretation.

Abbreviations: CTG: Cardiotocograph; HIE: Hypoxic-ischaemic encephalopathy; NICE: National
Institute of Health and Care Excellence.
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Introduction

Every human fetus who undertakes the journey of human
labour which lasts for approximately 6-10 hours on average,
is exposed to an inevitable and gradually progressing hypoxic
stress. This is because as the woman begins contracting the
uterus to expel her fetus through the bony and soft tissue parts
of the maternal birth passage, spiral arterioles which traverse
the myometrium to supply the placental bed are compressed,
resulting in reduced utero-placental perfusion during uterine
contractions. Moreover, depending on the position of the loops
of umbilical cord in relation to bony fetal parts and bony mater-
nal pelvis, and the amount of amniotic fluid and Wharton’s Jelly
available to protect the umbilical blood vessels within the um-
bilical cord, there may be also varying degrees of umbilical cord
compression during a uterine contraction. Both these mecha-
nisms may significantly reduce fetal oxygenation, resulting in in-
termittent hypoxic stress which may compromise oxygenation
of fetal central organs. As the uterine contractions increase in
frequency, duration and strength as the labour advances, this
intermittent hypoxic stress may get progressively worse, and
may increase the likelihood of hypoxic-ischaemic encephalopa-
thy (HIE) or an early neonatal death (ENND).

Fortunately, the vast majority of human fetuses are able to
successfully mount effective compensatory responses to this
intermittent and gradually evolving and progressive hypoxic
stress. Physiological changes that enable intrauterine fetal ad-
aptation to compensate for the relatively hypoxic intrauterine
environment, that mimic “An Everest-in-Utero” [1] confer re-
markable resilience on human fetuses to withstand transient
and brief hypoxic episodes without sustaining any damage. This
is analogous to a marathon runner who increases his/her/their
heart rate and respiratory rate to ensure adequate oxygenation
of their central organs in order to avoid the onset of anaerobic
metabolism and the production of lactic acid. Their compensa-
tory response to ongoing hypoxic stress whilst running a mara-
thon may be blunted by pre-existing medical disorders (e.g.,
coronary heart disease, diabetes, flu), poor individual reserve
to withstand hypoxic stress (e.g., age>75), increased metabolic
demand (e.g., obesity, hot environmental temperature) and the
speed of running (e.g., higher the speed, earlier the exhaus-
tion).

Similarly, antenatal utero-placental insufficiency, adverse
maternal environment, loss of fetal compensatory mechanisms
and iatrogenic increase in uterine activity (Table 1) may blunt
these compensatory responses predisposing to hypoxic-isch-
aemic injury with potential long term sequalae such as cerebral
palsy and learning difficulties and/or perinatal deaths. These
wider clinical contexts should always be considered whilst in-
terpreting CTG traces.

The International Consensus Guideline on Physiological CTG
interpretation produced by 44 CTG experts from 14 countries
in 2018 [2] which was developed to aid interpretation of CTG
traces to timely recognise intrapartum hypoxic stress is based
on the identification of the combination and/or sequence of
that indicate different types of fetal hypoxia, and determination
of fetal response to ongoing stress (Table 2). In contrast, the
recently updated NICE CTG Guideline continues to include ar-
bitrary parameters grouped into “reassuring, nonreasoning and

abnormal” “categories” and then randomly combining them to
have an overall classification (Normal, Suspicious, Pathological)
without any consideration of different types of fetal hypoxia
or the fetal response to stress [3]. Such a non-physiological
approach is likely to increase the risks of intrapartum-related
hypoxic ischaemic encephalopathy (HIE) and perinatal deaths
and/or increase the likelihood of unnecessary operative inter-
ventions for women. Therefore, in the interest of patient safety,
it is vital to scrutinise the updated NICE CTG Guideline, and from
a scientific perspective, ask the question: Is the NICE CTG Guide-
line itself is suspicious and/or pathological?

Understanding the perilous journey of UK CTG guidelines

The first CTG Guideline was produced by the Royal College
of Obstetricians and Gynaecologists (RCOG) in 2001 [3]. It is ex-
traordinary that despite CTG being introduced into clinical prac-
tice in 1968 and was being routinely in the UK labour wards, the
decision to produce a national guideline on CTG interpretation
took 33 years. The driving force was the shocking findings of
the Confidential Enquiries into Stillbirths and Deaths in Infancy
(CESDI) in1997 [4], which concluded that out of approximately
800 babies who had an intrapartum-related stillbirth in the UK,
50% had a “Grade 3 Substandard Care” (i.e., with a different
care, these babies would have most likely survived), and 75%
had “Grade 2 and Grade 3 Substandard Care” (i.e., they may
have survived). Lack of knowledge regarding CTG interpretation
was highlighted as a major factor which contributed to these
potentially avoidable intrapartum-related deaths. Regrettably,
despite the publication of this report in 1997, it took further 4
years to produce a national CTG Guideline in the UK [3], poten-
tially resulting in the loss of approximately 500 babies during
each year due to substandard care due to CTG misinterpreta-
tion.

It was obvious to all frontline clinicians who understood fetal
physiology that the first CTG guideline classification tool (Figure
1) was deeply flawed both from scientific and common-sense
perspectives (Table 3).

Table 3 Categorisation of fetal heart rate traces

Category Definition

Normal A CTG where all four features fall info the reassuring category.

Suspicious A CTG whose features fall into one of the non-reassuring categories
and the remainder of the features are reassuring.

Pathological | A CTG whose features fall into two or more non-reassuring categories
or one or more abnormal categories.

Table 4 Categorisation of fetal heart rate (FHR) features

Feature Baseline (bpm) | Variability (bpm) | D
Reassuring 110-160 25 None Present
Non-reassuring | 100-109
161-180 < 5for>40 to Early deceleration
<90 minutes Variable The absence of
deceleration forati
Single prolonged | @ccelerations
deceleration up to | with an otherwise
3 minutes normal CTG
Abnormal <100 <5 for > 90 Atypical variable | ae of uncertain
>180 minutes decelerations significance
Sinusoidal Late decelerations
pattern = 10 Single prolonged

minutes Single prolonged
deceleration >3

minutes

Figure 1: The RCOG CTG Classification Tool (May 2001).
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The categorisation recommended by the guideline was both
illogical and scientifically impotent because it stated that “all 4
features should be reassuring” for the CTG trace to be classi-
fied as normal (Figure 1). However, it stated that the absence
of accelerations was of “uncertain significance”. If this was the
case, then, accelerations should not have been considered
whilst classifying the CTG traces as “normal”. In the absence of
accelerations, if there were early or variable decelerations, the
CTG trace would have to be classified as “pathological”, increas-
ing the risks of unnecessary operative interventions. Similarly,
if there was a single prolonged deceleration of up to 3 minutes
and an early deceleration, the CTG trace would have been clas-
sified as “pathological” warranting an unnecessary interven-
tion. This oversimplistic and scientifically illogical approach of
“mixing and matching” random features to “categorise” CTG
traces as “normal, suspicious, pathological” was not only imple-
mented in routine clinical practice, but it was also strictly and
religiously audited to ensure compliance of at least 75%.

The RCOG CTG guideline was subsequently acquired by NICE
as “inherited” NICE Guideline, however, no action was taken
to identify and rectify the flaws (Table 3). It was not surprising
that not only the rate of caesarean sections increased in the
UK, but the Chief Medical Officer’s Report, titled “Intrapartum-
related deaths: 500 missed opportunities” published in 2006
highlighted CTG misinterpretation as an important contribu-
tory factor for these, very unfortunate avoidable intrapartum-
related deaths [5]. It should have been very evident to those
who produced the CTG Guideline and the professional bodies
who had the responsibility implement evidence-based clinical
practice in the UK and to “set standards to improve women'’s
health” that the system of classifying the CTG traces into “nor-
mal, suspicious, pathological” had to be abandoned immediate-
ly to safeguard women and babies. There was an urgent need
to implement a CTG guideline tool that is based on the deeper
understanding of fetal physiology to determine the features of
different types of fetal hypoxia and fetal response to ongoing
hypoxic stress.

Unfortunately, not only this opportunity to rectify the flaws
of CTG guideline produced in 2001 was missed, due to some
inexplicable and bizarre reason, the NICE CTG guideline de-
velopment group (GDG) in 2007 chose to make it even more
confusing by adding arbitrary time limits to be applied to all
human fetuses [Figure 2]. In addition to the flaws identified in
2001 CTG Guideline, further incorporation of unscientific time
limits (e.g., decelerations for 50% of contractions for 30 or 90
minutes) not only increased the likelihood of inter and intra-
observer variability which would have resulted in variation in
management and resultant poor outcomes, but, it would have
also contributed to poor perinatal outcomes and an increase in
the rate of unnecessary operative interventions [Table 4]. It was
not surprising that within 2 years of publication of this confus-
ing guideline with no consideration to fetal responses to stress
or features of intrapartum hypoxia, the NHS Litigation Author-
ity (NHSLA)’s Study on Stillbirth Claims highlighted that 34%
of all successful clinical negligence claims against the NHS on
stillbirths were due to CTG misinterpretation [6]. However, no
actions were taken to rectify these very obvious errors (Table
4), despite the knowledge that 34% of babies died solely due
to CTG misinterpretation. There was no attempt by professional
bodies who had the responsibility to promote evidence-based
practice to stop the unphysiological, confusing, CTG guideline
with arbitrary, personal opinion-based time limits which was
contributing to CTG misinterpretation.

Table 6 Classification of FHR trace features

Feature (bpm) (bpm) |D A ions

Reassuring  |110-160 E5 None Present

Non- 100-109 < 5 for [Typical variable [The absence of

reassuring 161-180 140-90 minutes idecelerations with over 50% accelerations with
lof contractions, occurring for otherwise normal
fover 90 minutes race is of uncertain
Single prolonged significance
|deceleration for up to
3 minutes

Abnormal 100 < 5 for 90 minutes [Either atypical variable

180 [decelerations with over 50%

ISinusoidal lof contractions or late
lpattern

& 10 minutes

decelerations, both for over
30 minutes

Single prolonged
|deceleration for more than
3 minutes

Figure 2: First revision of the NICE CTG Guideline in 2007.

NICE CTG Guideline in was revised again in 2014 [7] follow-
ing the publications of 10 years of Maternity Claims by the
NHSLA in 2012 [8], which highlighted the financial and clinical
burden and the human costs of CTG misinterpretation on ba-
bies, women and their families. Many consider that NICE 2014
CTG Guideline was one of the worst and the most dangerous
of all the CTG Guidelines produced not only in the UK, but in
the world. This guideline not only recommended “oral fluids”
to treat suspicious and pathological CTG traces without even
considering the time taken for absorption of water during la-
bour to treat ongoing CTG abnormalities, but also included sev-
eral recommendations solely based on the personal opinions of
those in the GDG without, or contrary to scientific evidence and
basic physiological principles, increasing the risks of maternal
and perinatal morbidity and mortality. Furthermore, this CTG
guideline openly advised obstetricians to hide the information
derived from scientific evidence on FBS from women. Alarm-
ingly, despite concluding based on the review of scientific evi-
dence, that FBS increased the rate of emergency caesarean sec-
tions and operative vaginal births, it recommended that women
should be advised exactly the opposite: that FBS may reduce
the need for further interventions [7]. Although this blatant lack
of regard to “Duty of Candour” (a legal requirement in the UK)
by the NICE CTG Guideline Group was questioned [9], no action
was taken to rectify this recommendation. Women were contin-
ued to be provided with incorrect, and misleading information
contrary to available scientific evidence, and were not informed
that the test that was being performed on their babies did not
improve their perinatal outcomes, but FBS has been shown to
significantly increase their emergency caesarean sections and
operative vaginal births. If honesty and openness had prevailed,
and the correct information was given as in other specialties of
clinical medicine in the UK, it was very likely that most women
would have declined FBS.

Fortunately, for the first time in the history of intrapartum
care, the labour ward lead consultants from 19 hospitals in Lon-
don formed the “Pan London Labour Ward Leads Group” and
they signed a joint letter to the President of the Royal College
of Obstetricians & Gynaecologists (RCOG), expressing their con-
cerns. Very unfortunately, no action was taken by the profes-
sional bodies prior to the intervention of the Pan London Labour
Ward Leads group despite the obvious fact that if this flawed
CTG guideline was implemented, both maternal and perinatal
outcomes would significantly worsen resulting in disastrous
consequences to women, their babies and families as well as to
frontline midwives and obstetricians. It was not surprising that
the Each Baby Counts Report in 2015 highlighted that out of
1136 babies who died or sustained severe brain damage, in 76%
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a different care might have made a difference to the outcome
(10). Moreover, issues with CTG interpretation and FBS contrib-
uted to 61% of all cases of poor outcomes [10].

Unfortunately, it took almost 3 years for NICE to finally revise
the guideline in 2017 due to “stakeholder concerns” [11], which
resulted in the same errors being perpetuated for 3 years, re-
sulting in disastrous consequences for babies, women and their
families. This was evidenced by subsequent Each Baby Counts
Report concluding that even in 2016, issues with CTG interpreta-
tion and FBS continued to contribute to 60% of poor outcomes
[12]. Although, there was evidence from Cochrane Systematic
Review from 2013 that FBS did not improve long term perinatal
outcomes and did not reduce intrapartum operative interven-
tions [13], and commentaries in the “College Journal” highlight-
ing the dangers [14,15], no action was taken to rectify the error
either by the professional bodies or by NICE. This resulted in
issues with CTG misinterpretation and FBS continuing to con-
tribute to approximately 60% of severe hypoxic-ischaemic en-
cephalopathy and perinatal deaths even in 2019 [16], and 2020
[17]. The fact that FBS was continued to be recommended by
the NICE GDG in 2017 despite of scientific evidence showing
benefit, and in fact, scientific evidence from 2015 suggesting
that repetitive FBS resulted in doubling of caesarean sections
[18] illustrates that personal opinions were prioritised over ev-
idence-based medicine by those who produced CTG guidelines
in the maternity service in the UK. It was alarming that despite
a UK multi-centre trial in 2019 concluding that FBS did not im-
prove perinatal outcomes, and it had increased intrapartum
emergency sections by approximately 60% [19], no action was
taken by either professional bodies or NICE to immediately stop
the FBS to safeguard women and babies from avoidable harm.

Recently revised & updated NICE CTG guideline (Dec 2022)

The revised NICE CTG Guideline finally stopped recommend-
ing FBS due to “lack of evidence” [20], although issues with CTG
interpretation and FBS had already contributed to significant
patient harm (Figure 3). Several illogical, scientifically impotent
and clinically dangerous clinical practices such as administering
fluids to the mother which, according to the NHS Resolution Re-
port increased the risks of maternal deterioration and neonatal
convulsions [21] were finally stopped by this “revised & updat-
ed” NICE CTG Guideline in 2022. Fortunately, this “revised and
updated” guideline finally rectified the unscientific and danger-
ous increase in the threshold of abnormal baseline FHR used
in the UK from 2001 (i.e., 180 bpm instead of 160 bpm as per
all other international guidelines from 1987) which, most likely
had contributed to severe brain damage and deaths of babies
in the UK for 21 years.

However, it was regrettable and unacceptable from a pa-
tient’s safety perspective that professional bodies had turned
a blind eye to administering of fluids to the wrong person (i.e.,
mother) for presumed “suspicious” or “pathological CTGs” un-
til December 2022. Patient centred clinical practice demanded
that this illogical practice to have ended much sooner than in
2022. Our patients would have expected that frontline clini-
cians abandon this unscientific, illogical and potentially harmful
practice immediately after the publication of the NHS Resolu-
tion Report in 2019 [21] which highlighted the risks of mater-
nal deterioration and neonatal convulsions due to excessive
administration of fluids to the mother during labour, dilutional
hyponatremia and fluid overload. At the very least, the patients
would have expected this potentially dangerous practice to stop
immediately after the publication of a Commentary highlight-

ing these risks in 2020, in an open access journal which did not
require any subscription fees to access [22].

Errors due to issues with CTG
interpretation and FBS (%)

80.00
60.00
40.00
20.00
0.00
2015 2016 2017 2018 2019
Onwards
Unkonwn

Figure 3: Errors due to issues with CTG interpretation & FBS
highlighted by each baby counts reports from 2015-2019.

Regrettably, the fundamental flaws in the NICE CTG guideline
which had most likely resulted in harm to babies and women
were not rectified even in 2022 [20]. This guideline continued
to classify CTG traces into “Normal, Suspicious, Pathological”
by randomly grouping certain “features” into different “catego-
ries without considering the combination of / sequence of fe-
tal heart rate changes which indicate ongoing fetal hypoxia or
features of fetal compensatory response (Table 5). Perpetuating
the same errors with regard to the classification of CTG traces
into “normal, suspicious and pathological” without considering
the type of fetal hypoxia and the features of fetal response to
stress, since 2001, despite publications in Open Access Journals
(i.e., does not require a subscription fee for the NICE CTG GDG
to access) in 2016 [29] is indeed very unfortunate. These flaws
in the NICE CTG Guideline were again highlighted in an Invited
Commentary in the Journal of Patient Safety and Risk Manage-
ment in 2019 [31]. From a patient safety perspective, it is very
alarming that guideline group had chosen to continue to focus
on the morphological appearance of decelerations and group-
ing arbitrary CTG features with unscientific, illogical time-limits
into “normal, suspicious, pathological”.

Bizarrely, the updated and revised NICE CTG Guideline ap-
pears to have simply lifted “How is this fetus?” which was high-
lighted in Physiological CTG Masterclasses from 2012, and then
translated into several languages, and was also highlighted in
several publications [31,32]. Their attempt at introducing “How
is the baby?” in conjunction with the use of “normal, suspi-
cious, pathological” classification [33] is scientifically amusing
at best, and potentially dangerous at worst. It is scientifically
amusing because anyone who understands basic fetal physiol-
ogy to recognise the types of fetal hypoxia and the CTG fea-
tures of fetal compensatory responses, and asks the question
“How is the baby?” would not arbitrary group CTG features into
“normal, suspicious. Pathological”. This is because “How is the
Baby?” due to understanding of fetal physiological responses
and “normal, suspicious, pathological” classification due to the
lack of understanding of fetal physiological responses, are mu-
tually exclusive. One cannot classify a CTG trace as “suspicious”
(i.e., not sure of the significance of observed CTG features) and
then ask the question “How is the baby?” because there are
no “suspicious” fetuses. On the other hand, simply transpos-
ing some principles from Physiological CTG Masterclasses, with-
out fundamentally changing the CTG interpretation tool-based
knowledge of fetal physiology may lead to confusion resulting
in poor maternal and perinatal outcomes. Although, there have
been several publications on Physiological Interpretation of CTG
prior the publication of the revised NICE CTG Guideline [34-54],
including improvement in outcomes following the implemen-
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tation of Physiological Interpretation of the CTG [55-61], it is
indeed regrettable that this revised guideline has disregarded
these principles of physiological CTG interpretation. Merely
lifting “How is the Baby?” alone from Physiological CTG Mas-
terclasses [33] will not result in improvement in maternal and
perinatal outcomes, if the “normal, suspicious, pathological”
classification system is continued to be used.

The price of repetition of errors involving CTG interpreta-
tion

Albert Einstein once said “insanity is repeating the same
processes again and again, and expecting different results”. In
the UK the same, unscientific “Normal, Suspicious, Pathologi-
cal” classification system which failed to individualise care was
introduced in 2001, and then, repeated in 2007, 2014, and
2017, with disastrous consequences to babies and their fami-
lies. These have been highlighted in the Chief Medical Officer’s
Report (2006), NHSLA Report on Stillbirth Claims (2009), NHSLA
10 years of Maternity Claims (2012), and four consecutive Each
Baby Counts Reports (2015-2019). As Albert Einstein stated
many years ago repeating the same (flawed) CTG classification
system (“normal, suspicious, pathological) again and again has
not resulted in improvement in perinatal outcomes. In an ad-
vanced economy which prides itself of having a “world class
maternity service”, it is no longer acceptable to have lack of
knowledge leading errors due to CTG interpretation to contrib-
ute to more than 50% of babies sustaining severe brain injuries
or dying due to an intrapartum-related death.

Unsurprisingly, UK public have now demanded criminal
prosecution against those who contributed to poor perina-
tal outcomes (https://www.independent.co.uk/news/health/
east-kent-maternity-baby-deaths-b2206143.html), and more
recently they have demanded an independent public enquiry
(https://www.theguardian.com/society/2023/oct/31/parents-
of-babies-who-died-or-were-harmed-in-nhs-care  demand-in-
quiry). This is understandable because, as frontline midwives
and obstetricians, if our own babies are brain damaged or died
during labour due to an erroneous guideline which classified
fetal heart rate traces into “normal, suspicious, pathological”
without incorporating fetal physiology, and then recommended
to administer fluids to the mother for suspicious CTGs and erro-
neously recommended to cut the skin of our own babies’ scalp
check for oxygenation of the fetal brain, then, most likely we

would demand criminal prosecution and a public enquiry too.
Parents have the right to be shocked when they eventually find
out that in the UK, not only it was almost universal to have rolls
of “CTG Stickers” with exactly the same parameters which were
used in every human fetus, irrespective of the individual fetal
reserves or clinical context, the use of these “stickers” were rig-
orously audited to ensure >75% compliance. This resulted in the
strict enforcement and implementation of the wrong tool which
was causing patient harm, and financial incentives (discounts
for the insurance premium) were provided for demonstrating
that there was progress towards 100% of using these wrong
CTG tools.

At the time of writing this commentary, the degree of harm
caused to women as a result of CTG interpretation have not been
monitored or reported. Currently, clinicians have absolutely no
idea of the number of women who had massive postpartum
haemorrhage, wound complications or died due serious com-
plications such as uterine rupture or placenta accrete spectrum
disorders in subsequent pregnancies due to an unnecessary
caesarean section being performed for a “pathological CTG”
or following an “abnormal” FBS result (which reflected normal
acidosis in the peripheral tissues due to centralisation of blood
flow to compensate for the ongoing hypoxic stress). Similarly,
one has no idea about the rate of perineal tears and trauma
sustained by women due to an unnecessary operative vaginal
birth due to a “pathological CTG” during the second stage of
labour. There is no doubt that the general public would want
to investigate these maternal complications in the near future.

The way forward: need for the “Self-Candour Test”: The
Hippocratic Oath stipulates “first do no harm” and “acting in
the best interest of our patients” as key cornerstones of good
medical practice. Therefore, in the interest of patient safety,
honesty and ensuring our clinical practice is based on current
scientific evidence and scientific principles, frontline clinicians
should consider the “Self-Candour Test” (Table 6) prior to imple-
menting the updated and revised NICE CTG Guideline in their
own clinical practice. If the answer to any of these questions in
Table 6 (especially Question 5) is “No”, then, it is important to
practice the “Duty of Candour” and understand the principles
of Physiological Interpretation of CTG [34-54,62-63], and to pro-
vide patients with an evidence-based, scientifically acceptable
clinical care.

Table 1: Potential causes which may contribute to, and/or accelerate fetal compromise.

Source Underlying pathology Likely Mechanisms of fetal compromise
Hypertension/Pre-eclampsia Placental infarction & thrombosis, placental abruption
Diabetes Hyperplacentosis / Terminal Villus hypoplasia
= Infection or Sepsis Bacterial toxins and inflammatory cytokines
g Pyrexia Increased maternal and fetal metabolic rate and increased oxygen demand
© Thrombotic states, hypercoagulable states (e.g., twins) | Placental thrombosis and infarction and reduced perfusion
= Immunological conditions Congenital heart block (SLE), autoimmune haemolytic anaemia (rhesus)
Respiratory disorders including pneumonia Hypoxaemia and hypoxia and acidosis
Hypovolumia or hypotension Reduced placental perfusion
Growth Restriction Reduced feto-placental reserve, and inability to re-distribute and centralise blood flow
Macrosomia Increased oxygen requirements
© Oligo or anhydramnios Increased likelihood of umbilical cord compression
& Chronic fetal anaemia and/or acidosis Reduced tissue oxygenation and acidosis to the central organs
Chorioamnionitis Increased metabolic rate, fetal neuroinflammation and fetal systemic inflammatory
response syndrome (FIRS)
E ., Increased uterine activity (any increase in the frequen- Reduced inter-contraction interval for oxygenation of placental villi, and increased likelihood of
§ é cy, duration, strength and the basal tone) cord compression and fetal head compression
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Table 2: CTG Classification based on International Expert Consensus Guidelines on Physiological Interpretation.

Hypoxia Features Management
o Baseline appropriate for G.A.
No K ) N | p_p b'Ft d ovel . Consider whether the CTG needs to continue.
o Hypoxia o ormal variability and cyclin
VP . ¥ y g . If continuing the CTG perform routine hourly review. (see CTG Assessment Tool below)
. No repetitive decelerations
Evidence of Hypoxia
o Higher baseline than expected for G.A.
o Reduced variability and/ or absence of cycling
. Absence of accelerations X
Shallow decelerations : Avoid further stress
o w
X i . o . Expedite delivery, if delivery is not imminent
Chronic Hypoxia . Consider the clinical indicators: reduced fetal move-
ments, thick meconium, bleeding, evidence of chorioam-
nionitis, postmaturity, [IUGR
Compensated . Likely to respond to conservative interventions (see below)
3 Regular review every 30-60 minutes to assess for signs of further hypoxic change,

Gradually Evolving

Rise in the baseline (with normal variability and stable

baseline) preceded by decelerations and loss of accelera- *

and that the intervention resulted in improvement.
Other causes such as reduced placental reserve MUST be considered and addressed
accordingly.

tions
Hypoxia
Decompensated
. Needs urgent intervention to reverse the hypoxic insult (remove prostaglandin pes-
. Reduced or increased variability sary, stop oxytocin infusion, tocolysis)
° Unstable/ progressive decline in the baseline (step |, Delivery should be expedited, if no signs of improvement are seen
ladder pattern to death)
First Stage
3 Remove prostaglandins/stop oxytocin infusion
. If no improvement, needs urgent tocolysis
° More time spent during decelerations than at the . If still no evidence of improvement within 10-15 minutes, review situation and
baseline expedite Delivery
o May be associated with saltatory pattern (increased
Subacute Hypoxia | variability) Second Stage
. Stop maternal active pushing during contractions until improvement is noted.
. If noimprovement in noted, consider tocolysis if delivery is not imminent or expe-
dite delivery by operative vaginal delivery
Preceded by reduced variability and lack of cycling or reduced variability within the first 3 min-
utes
Immediate delivery by the safest and quickest route
Preceded by normal variability and cycling and normal variability during the first 3 minutes of
Acute Hypoxia Prolonged Deceleration (>3 minutes) the deceleration (see 3-minute rule above)
. Exclude the 3 accidents (i.e. cord prolapse, placental abruption, uterine rupture -ifan
accident is suspected prepare forimmediate delivery)
3 Correct reversible causes
. If no improvement by 9 minutes or any of the accidents diagnosed, immediate deliv-

ery by the safest and quickest route

Unable to Ascertain fetal wellbeing
(Poor signal quality, uncertain baseline, possible recording of the maternal heart

rate)

. Escalate to senior team
. Consider Adjunctive Techniques, if appropriate
. Consider the application of FSE to improve signal quality

Table 3: Flaws in the RCOG CTG Guideline produced in 2001.

Stipulated Features /

Parameters

Why was it flawed?

Likely impact on women and babies

Baseline 110-160

as the upper limit

There is a progressive reduction in the baseline FHR as the gesta-
tion advances. Therefore, after 40 weeks one cannot use 160 bpm

Babies with chronic hypoxia and chorioamnionitis at term are most
likely missed by this approach as they may not be able to increase the
baseline FHR above 160 bpm

Abnormal baseline >

180 bpm

180 bpm.

It was illogical to define the normal upper limit of the baseline FHR
as 160 bpm, and then, artificially increase the upper threshold to

This potentially dangerous action of artificially increasing the base-
line, contrary to scientific evidence was likely to cause injury and dam-
age to fetuses with reduced reserve, chorioamnionitis and chronic hy-
poxia as they may not be able to increase the baseline
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Variability >5 bpm

All biological parameters should have a normal range. The interna- | This was one of the most dangerous parameters of this guideline.
tionally accepted range for normal variability was 5-25 bpm. Use | Based on personal opinion, the authors took away the upper limit (25
of a single number missed fetuses with excessive variability (>25 | bpm), leading to potentially disastrous consequences (stillbirths and
brain damage) to fetuses exposed to a rapidly evolving hypoxia.

bpm) due to rapidly developing hypoxia.

Reduced baseline
FHR >90 minutes as
abnormal

Fetal deep sleep lasts for approximately 50 minutes. This artificial | Increased likelihood of hypoxic-ischaemic encephalopathy (HIE) and
increase in the duration without any scientific evidence not only | perinatal deaths due to delay in taking action. Increased likelihood
increased the risk of delay in action of fetuses who were exposed | of unnecessary intrapartum operative interventions for women due
to metabolic acidosis and/or CNS depression, consideration of | to the consideration of baseline FHR variability in isolation without
baseline FHR variability in isolation increased the risk of unneces- | incorporating the changes in the baseline FHR and preceding decel-

sary operative interventions. erations.

Early decelerations
as a non-reassuring
feature

This illogical recommendation to classify normal fetal cardiopro- | Increased likelihood of unnecessary intrapartum operative interven-
tective reflexes as “abnormal or pathological” without considering | tions and their complications due to over-reacting, considering the
normal fetal compensatory responses as abnormal.

features of fetal compensatory mechanisms.

Isolated variable and
late decelerations as
an abnormal feature

Isolated variable and late decelerations with an intervening stable | Increased the risk of unnecessary operative interventions to women,
baseline and reassuring variability are not associated with fetal and their resultant short term and long term complications such as
uterine rupture and placenta accrete spectrum disorders (PAS).

compromise or acidosis.

Recommending fetal
scalp blood sampling
(FBS) for pathological
CTG traces

This illogical and scientifically flawed practice of sampling the skin
of the fetal scalp with the mistaken belief that due to its proximity
to the fetal brain it would reflect the oxygen status of the brain. As
a result of catecholamine-mediated peripheral vasoconstriction,
similar to marathon runners, the skin of the fetal scalp, which is
a peripheral non-essential organ, will undergo anaerobic metabo-
lism and produce lactate as a normal compensatory fetal response
(centralisation of blood flow). Therefore, sampling the skin will
give an erroneous impression of acidosis when the fetal central or-
gans are well perfused. On the contrary, neutralisation of the acid
by the surrounding alkaline amniotic fluid or peripheral vasodilata-
tion in chorioamnionitis may result in a false negative result.

False negative result increased the likelihood of hypoxic-ischaemic
encephalopathy (HIE) and perinatal deaths due to the continuation
of labour due to the false reassurance provided by the normal pH
of the fetal scalp. Moreover, the recommendation to blindly repeat
the result of FBS every hour had failed to consider several important
variables: reduced fetal reserve, poor placental reserve, intensity of
ongoing uterine contractions, the type of fetal hypoxia and co-existing
pathology such as chorioamnionitis, and this erroneous approach in-
creased the likelihood of poor perinatal outcomes.

Administering fluids
to the mother for
suspicious or patho-
logical CTGs.

In clinical medicine, one would never administer fluids to the | NHS resolution Report has highlighted maternal deterioration due to
wrong patient. Fluids are only recommended to correct disorders | dilutional hyponatremia and neonatal convulsions due to administra-
in the maternal compartment (e.g., dehydration, hypotension, tion of excessive fluids to the mother to treat suspicious and patho-
sepsis, ketoacidosis etc). Administering fluids to the mother to cor- | logical CTG traces. Moreover, this approach resulted in a false sense of
rect observed CTG abnormalities may cause dilutional hyponatre-  security which delayed definitive treatment of ongoing fetal compro-
mise leading to poor perinatal outcomes.

mia and its complications.

Table 4: Flaws in the NICE CTG Guideline (2007) — in addition to the continuation of the flaws highlighted in Table 3.

Additional Feature / Parameter

Why is it flawed?

What was the likely impact?

Baseline FHR 110-160

A rise in the baseline from 120 bpm to 150 bpm due to a gradually evolving
hypoxia or chorioamnionitis will be missed. The CTG “Stickers” with these
arbitrary range were used in all human fetuses. This gross failure to individu-
alise care breached the fundamental principle of clinical medicine.

Increased the likelihood of hypoxic-ischaemic
encephalopathy and long term sequalae (cere-
bral palsy and learning difficulties) and perinatal
deaths.

Variable deceleration lasting for
50% of contractions for 90 min-
utes was a “non-reassuring” fea-
ture

This was potentially a very dangerous recommendation from the perspective
of both the mother and the fetus. Variable decelerations due to umbilical
cord compression are not associated with fetal acidosis, and they do not re-
quire any intervention. However, according this guideline if there is a combi-
nation of loss of acceleration and variable decelerations lasting for > 50% of
contractions for 90 minutes, the CTG trace had to be classified as pathological
(i.e., a random of combination of 2 “non-reassuring features), which would
lead to an unnecessary operative intervention.

Conversely, if the fetus had shown repetitive variable decelerations with an
unstable baseline and/ or reduced baseline variability (i.e., evidence of de-
compensation of fetal central organs), an urgent birth was indicated. Howev-
er, according to this guideline which considered features in isolation, waiting
for variable decelerations to last for 90 minutes would have increased the
risk of fetal injury.

Unnecessary intrapartum operative interven-
tions (caesarean sections, vacuum and forceps
births, episiotomy) and their resultant short
term (postpartum haemorrhage, infection,
wound breakdown, inadvertent injury to adja-
cent structures), and long term complications
(uterine rupture, placenta accrete spectrum).

Delay in accomplishing delivery by adhering to
unscientific, personal opinion-based arbitrary
time limits increased the likelihood of hypoxic-
ischaemic encephalopathy and long term se-
qualae (cerebral palsy and learning difficulties)
and perinatal deaths.

Atypical variable decelerations
lasting for 50% of contractions
for 30 minutes, and late decelera-
tions lasting for 50% of contrac-
tions for 30 minutes resulted in a
“pathological CTG”

This was illogical because there was no scientific evidence to suggest that
morphology of variable decelerations (typical or atypical) correlated to peri-
natal outcome, which increased the risk of unnecessary operative interven-
tions.

Conversely, a growth restricted fetus with an ongoing utero-placental insuffi-
ciency characterised by repetitive late decelerations may not be able to with-
stand 30 minutes of uterine contractions.

As above
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Repeat FBS once in every 60 min-
utes if the CTG remains “patho-
logical”
CTG trace deteriorates

and in 30 minutes if the

This recommendation reflected a gross lack of basic knowledge of fetal physi-
ology as well as published evidence suggesting no benefit in improving peri-
natal outcomes. Firstly, the rate of fall in the pH is not the same in every
human fetus because it is determined by individual fetal reserve, depletion
of the buffering capacity and the intensity of ongoing hypoxic stress. Further-

As above

Women were not informed about the lack of
evidence of benefit, and rare but potentially life-
threatening complications such as CSF leakage,

”

more, the same cut-off for an “abnorma

The recommendation to repeat FBS for a maximum of 3 times reflects gross
lack of knowledge of the rate of progress of labour in primigravidae. If FBS
was commenced at 4 cm dilatation, by the time the 3™ FBS was performed,
the woman would not have progressed to more than 7 cm, resulting in an

unnecessary intrapartum interventions.

FBS cannot be used in early first
stage and late first stage/second stage of labour because scientific evidence
suggests a progressive reduction in fetal scalp pH as the labour progresses.

scalp haemorrhage, haemorrhagic shock and
scalp abscesses.

Women were not counselled regarding po-
tential false negative results (neutralisation by
the alkaline amniotic fluid, vasodilatation and
increased peripheral blood flow in chorioam-
nionitis) or the false positive results (meconium
with bile acids, and taking a sample from area
od caput).

Table 5: Flaws in the “Updated & Revised” CTG Guideline 2022.

Recommendation

Why is it flawed?

Potential impact on women, babies AND Front-
line clinicians

Increased variability >25 bpm is
for 10 minutes is “suspicious”
and >25 bpm for >30 minutes
“pathological”.

(Pages 19 & 20)

Increased variability >25 bpm (the “ZigZag” Pattern) is associated with a
rapidly evolving hypoxia (e.g., injudicious use of oxytocics or active mater-
nal pushing). Scientific evidence have shown that ZigZag Pattern which lasts
for more than 2 minutes has been shown to be associated with poor peri-
natal outcomes and approximately 11 fold increase in the admission to the
neonatal unit [23,24].

This dangerous attempt to artificially increasing
the duration of increased variability to 10 minutes
and 30 minutes for suspicious or pathological CTG
traces, respectively, contrary to published scien-
tific evidence, based on personal opinion, is likely
to increase the risk of severe hypoxic ischaemic
encephalopathy and perinatal deaths due to this
delay in ensuring appropriate interventions.

Morphological classification of
decelerations classifying
those with “concerning charac-
teristics” as “pathological” (Page
21).

and

Decelerations are fetal physiological compensatory responses to reduce the
myocardial workload and to maintain an aerobic metabolism in response
to intermittent and transient hypoxic stress. They are the fetal counterpart
of adult respiratory rate. Therefore, similar to the observed increase in the
rate and depth of respiration with progressively increasing speed of the
treadmill in the Gym, FHR decelerations would become wider and deeper
as the hypoxic stress progresses, as the fetus attempts to protect the myo-
cardium. It has been reported that the morphological appearance of decel-
erations have absolutely no correlation with the perinatal outcomes, and
it is the fetal response to ongoing hypoxic stress which is associated with
metabolic acidosis [25,26].

Classifying normal fetal physiological responses
as “pathological” based on the morphological ap-
pearance of the observed decelerations would in-
crease inter and intra-observer variation resulting
in variation in maternal and perinatal outcomes in
the UK.

More importantly, the erroneous, illogical clas-
sification of normal fetal physiological cardiopro-
tective responses as “pathological” due to lack of
knowledge would lead to unnecessary operative
interventions to women with serious consequenc-
es (postpartum haemorrhage, sepsis, wound com-
plications and long term complications such as
placenta accreta spectrum and uterine rupture).

Repetitive variable or late decel-
erations lasting for 50% of con-
tractions >30 minutes as “Patho-
logical” (Page 22).

This illogical and potentially dangerous approach which does not consider
the fetal response to ongoing hypoxic stress will lead to both unnecessary
operative interventions to the mother as well as delay in interventions to
fetuses with reduced fetal reserve, co-existing chorioamnionitis or post-
term fetuses with a relative utero-placental insufficiency (RUPI).

One would not expect a reasonably knowledgeable and reasonably skilled
cardiologist to produce a guideline that states that all humans should with-
stand ST Segment changes, and breathe in a particular manner for 30 min-
utes during a cardiac stress test (treadmill) to become “pathological”.

Increased likelihood of hypoxic-ischaemic en-
cephalopathy and perinatal death due to waiting
for a pre-defined time period in fetuses with poor
reserves.

Increased risk of maternal complications as a re-
sult of unnecessary operative interventions which
show repetitive variable decelerations but show
good evidence of oxygenation to the central or-
gans.

Fetal Scalp Stimulation for fe-
tuses with Sepsis, slow progress
of labour or meconium (Pages 26
& 27)

This is one of the most illogical and dangerous recommendations. Fetuses
with sepsis, chorioamnionitis or meconium have an alternative pathway of
brain damage (inflammatory pathway). Clinicians should scrutinise the CTG
trace for features of neuroinflammation [27,28], and if these are present,
birth should be expedited without subjecting the fetus to a super-imposed
hypoxic stress. Fetal scalp stimulation in an inappropriate test in this situ-
ation.

Moreover, slow progress of labour requires a careful assessment of the
reasons for the slow progress and the management decisions should be
made accordingly, irrespective of whether a fetus responds to fetal scalp
stimulation or not.

Increased likelihood of hypoxic-ischaemic en-
cephalopathy and perinatal death due to waiting
for a pre-defined time period in fetuses with poor
reserves.

Unnecessary intrapartum operative interventions
due to the false negative test.
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ing lack of knowledge of CTG interpretation.
Overall classification of CTG into

“Normal, Suspicious Pathologi- | Fetuses with a combination of CTG features due to an ongoing chronic hy-
cal” poxia or chorioamnionitis will be missed by these approach. Conversely, fe-
tuses which show a series of sequential changes due to a gradually evolving
or a subacute hypoxic stress will also be missed by this approach.

(Page 24)

This illogical and dangerous attempt to group random “amber and red”
features and based on the number of these “amber and red” classify CTG
traces into “normal, suspicious, pathological” appears to illustrate continu-

Moreover, fetuses which mount a successful compensatory response to an
ongoing gradually evolving hypoxic stress will be misclassified as “patho-
logical”, leading to unnecessary operative interventions to the mother.

Itis very likely that the poor outcomes due to CTG
misinterpretation highlighted by repetitive “Each
Baby Counts” Reports are likely to continue.

Moreover, the exponential increase in the caesar-
ean section rate in the UK that has been observed
ever since the CTG Guideline stating “Normal, Sus-
picious, Pathological” in 2001 is likely to continue.
This is because it has been shown that the vast
number of CTG abnormalities have no corelation
with fetal metabolic acidosis, and the false posi-
tive rate of a “pathological” CTG trace is >90%.

Table 6: The “Self-Candour Test”.

Honest “Self-reflection Questions” Yes No

based on their morphology into “suspicious or pathological”?

Is it scientifically acceptable to erroneously classify normal fetal reflex responses to reduce their myocardial workload (i.e., decelerations)

2 | Are the arbitrary time limits (e.g., 50% of contractions for >30 minutes) based on robust scientific evidence?

Does the guideline indicate the features of different types of fetal hypoxia, fetal compensatory responses and features of neuroinflammation
such as presence or absence of FHR cycling, to help optimise perinatal outcomes?

Based on basic principles of clinical medicine, is it acceptable to assign different features with arbitrary time limits into different categories,
and them combine randomly to classify the CTG traces into normal, suspicious and pathological?

friend or my family?

Would | allow any other doctor to apply a tool which is not based on scientific principles and its use may increase unnecessary operative
5 |interventions with resultant complications and /or increase the likelihood of misinterpretation resulting poor perinatal outcomes on my close

Conclusion

The “updated & revised” NICE CTG Guideline has finally
stopped FBS and the administration of fluids to the mother for
the treatment of suspicious and pathological CTG traces, after
21 years of introducing these potentially dangerous, illogical
clinical practices in the UK. However, it has continued to use
the same “normal, suspicious, pathological” classification sys-
tem without incorporating the features of different types of
fetal hypoxia, the features of fetal compensatory responses
and the features of fetal neuroinflammation seen in chorio-
amnionitis which is an important pathway of fetal neurological
injury. Therefore, in the author’s opinion, the NICE CTG Guide-
line (2022), similar to its precursors from 2001, 2007, 2014 and
2017, continues to remain suspicious with regard to the knowl-
edge of fetal physiology, with the potential to cause pathologi-
cal outcomes for women and babies.
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