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Introduction

Cardiotocograph (CTG) was introduced into clinical practice 
in late 1960s to recognize features of intrapartum fetal hypoxic 
stress. However, it was introduced into clinical practice without 
any prior randomized controlled trials or robust observational  

 
trials, which resulted in significant confusion about the 
features that were believed to be suggestive of ongoing fetal 
compromise. Various guidelines classified CTG traces based on 
the morphological appearances of decelerations resulting in 
significant inter and intra-observer variability between clinicians 
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when they classified CTG traces. Human fetuses are exposed to 
repetitive mechanical (i.e., head compression and compression 
of the umbilical cord) and hypoxic (reduction in uteroplacental 
circulation because of increased intervillous pressure and 
constriction of the branches of uterine arteries which traverse 
through the myometrium to supply the placental bed) stresses 
during uterine contractions. These stresses not only worsen with 
time as the uterine contractions become progressively stronger 
and longer as the labor advances, but they may also last for up to 8 
to 12 hours. Abnormal and poor placentation, late onset placental 
failure resulting in a relative uteroplacental insufficiency (RUPI), 
presence of infection and inflammation (e.g., chorioamnionitis), 
the rapidity of development of hypoxic stress (e.g., the use of 
oxytocin for augmentation of labour) may blunt effective fetal 
compensatory mechanisms predisposing to neurological injury 
(hypoxic ischaemic encephalopathy or HIE) and perinatal death. 
Cardiotocograph (CTG) traces are aimed at timely recognition of 
a fetus at risk of sustaining HIE by scrutinising several “features” 
on the CTG trace. However, currently there are several national 
and international guidelines on CTG interpretation which not 
only have different parameters, different features and different 
presumed durations, but also, they have different terminologies 
for classification of CTG traces. The Guidelines produced by the 
International Federation of Gynecology and Obstetrics (FIGO) [1] 
and, the National Institute of Health and Care Excellence (NICE) 
[2] classify CTG traces into “Normal”, “Suspicious”, “Pathological”. 
The guidelines produced by the American College of Obstetricians 
and Gynecologists (ACOG) for the interpretation of CTG traces 
classifies the CTG as “Category 1”, “Category II”, and “Category 
III” traces [3]. The revised clinical guideline for the use of fetal 
ECG (ST-Analyser or STAN) is based on the old FIGO Guidelines of 
1987, and classifies the CTG traces into “Normal”, “Intermediary”, 
“Abnormal” [4]. The different terminologies and classification 
systems about intrapartum fetal heart rate monitoring illustrate 
the degree of confusion regarding the fetal pathophysiological 
responses to intrapartum hypoxic stress and an evolution of 
understanding over time resulting in a significant inter-observer 
[5-7] and intra-observer variation in CTG interpretation [8-10]. 
Such inter- and intra-observer variability due to the use of these 
“pattern recognition” guidelines not only may result in poor 
neonatal outcomes due to under classification and increased 
intrapartum emergency operative interventions to the mother 
due to over classification, they may also result in a variation in 
clinical practice amongst clinicians. Therefore, it is not surprising 
that the recent Cochrane Systematic Review on Electronic Fetal 
heart rate Monitoring using the CTG has concluded that compared 
to intermittent auscultation, the use of CTG does not reduce the 
incidence of cerebral palsy or perinatal deaths [11]. However, 
it is associated with an increased incidence of both emergency 
caesarean sections and operative vaginal births [11]. 

What is “Physiological Interpretation of CTG”?

Individualization of care to each fetus is paramount to improve 
perinatal outcomes and to avoid the incidence of hypoxic-ischemic 

encephalopathy (HIE) and perinatal deaths. This is because each 
human fetus is different with different individual physiological 
reserves, different maternal and intrauterine environments, 
different uteroplacental perfusion, different thickness of the 
Wharton’s jelly that prevents umbilical cord compression, 
different intensities of uterine contractions. Therefore, it is 
illogical to apply one set of clinical guidelines which stipulate 
arbitrary time limits on all human foetuses [12]. Physiological 
interpretation of CTG involves a deeper understanding of fetal 
oxygenation [13], as well as the pathophysiology of intrapartum 
hypoxia [14]. The classification and the management should not 
be based solely on the observed patterns on the CTG trace, but 
on the deeper understanding of the different types of intrapartum 
hypoxia [14,15]. It is vital to understand the compensatory fetal 
responses to ongoing repetitive hypoxic and mechanical stresses 
during labor, as well as the onset of fetal decompensation [16], so 
that timely and appropriate action can be taken to avoid hypoxic-
ischemic encephalopathy and perinatal deaths, whilst at the 
same time avoiding unnecessary operative interventions to the 
mother by differentiating the “fetal stress response” from “fetal 
decompensation”. Recently, 34 CTG experts on fetal physiology 
from 14 countries produced the first International Consensus 
Guidelines on physiological interpretation of CTG in 2018 [17].

Physiological CTG interpretation and the use of fetal  
ECG (ST-Analyser or STAN)

ST-Analyzer aims to detect the onset of negative energy balance 
within the fetal myocardial cells because of anaerobic metabolic 
and the production of lactic acid within the myocardial cells. 
Compared to an aerobic metabolism which generates sufficient 
energy source (ATPs), anaerobic metabolism leads to a reduction 
in myocardial energy production and resultant negative energy 
balance leading resulting in changes in the “ST segment” of the fetal 
ECG. However, instead of using standard guidelines in all human 
fetuses, it is essential to individualize care using fetal physiology. 
Moreover, it is also vital to detect pre-existing or chronic hypoxia 
[18], and other antenatal causes of fetal compromise [19], as 
these are contraindications for STAN monitoring. This is because 
such a fetus would have already exhausted the cardiac glycogen 
and other physiological reserves which are essential to mount an 
effective compensatory response to intrapartum hypoxic stress. 
Therefore, the STAN technology may not be able to recognize 
and detect ST segment changes due to the depletion of cardiac 
glycogen and resultant absence of potassium release within the 
myocardial cell leading to absence of ST segment changes. (Figure 
1) illustrates the principles of using Physiological interpretation 
of CTG with STAN.

Materials & Methods

This is a retrospective study at the Royal Went Hospital in 
South Wales following the introduction of STAN monitoring 
after training in Physiological Interpretation of CTG traces for 
approximately 70% of doctors and midwives prior to the use 
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of STAN in clinical practice. NICE Guidelines were used for CTG 
interpretation with fetal scalp blood sampling (FBS) prior to 
the intervention. STAN Guidelines which were based on FIGO 
Guidelines were used with Physiological Interpretation of CTG 
without FBS after the intervention. Data on operative deliveries 
was obtained from the local hospital database and neonatal 
data were obtained from the Badger Net UK System. Total 
Caesarean section rate, emergency caesarean section rate for fetal 
compromise (i.e., “fetal distress”), operative vaginal delivery rate 
and spontaneous vaginal delivery (SVD) rate were analyzed for 19 
months from 01 October 2014 to 30 April 2016. “Fetal Distress” 

was diagnosed if the observed features on the CTG trace met the 
criteria for “Pathological” (NICE) or “Abnormal” (STAN) pattern. 
Emergency caesarean section rate was defined when the woman 
has gone into a spontaneous or induced labor (i.e., after the onset 
of uterine activity). As this was retrospective study and no patient 
identifiable data was used. Therefore, according to the NHS Heath 
Research Authority Criteria, Ethics Approval was not required. 
The two-tailed Chi Square Test with Yate’s correction was used 
for statistical analysis, and p value of < 0.05 was considered as 
statistically significant Table 1.

Figure 1: Principles of Physiological CTG Interpretation whilst using STAN (ST-Analysis).

Table 1: Rates of Emergency Caesarean Section for suspected fetal compromise (“Fetal Distress”) before and after training on Physiological 
Interpretation of CTG and the introduction of STAN.

PRE P Value 

2012 2013

Training on 
Physiological 

Interpretation

2015 2016

<.0001

Overall C Section rate 29.00% 27.00% 24.00% 22.30%

Emergency C section rate 19.00% 17.00% 14.00% 12.30%

“Fetal Distress” (FD) 28.00% 34.00% 20.00% 11.00%

Annual delivery rate 3903 3833 4124 3853

EmCS 742 652 577 474

EmCS FD 208 222 115 52

Total Deliveries 11676 7977

Em CS FD 650 168

non EmCS FD 11026 7809

EmCS FD as percentage of all deliveries 5.50% 2.10%
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Result

There were 7977 deliveries during the 19-month period 
from zero 1 October 2014 to 30 April 2016. The average total 
Caesarean section rate was 23.5% and the emergency Caesarean 
section rate for suspected fetal compromise (“fetal distress”) 
was 13.6%, There was a trend in the reduction in the overall 
caesarean section rate as well as a reduction in the intrapartum 
emergency caesarean sections performed for “fetal distress” 
immediately after the introduction of STAN following training on 
Physiological Interpretation of CTG (Figure 2). The emergency 

caesarean section rate for “fetal distress” reduced from 35% to 
11% (Figure 3). The overall rate of emergency caesarean section 
for fetal distress fell from 5.57% from 2012-14 to 2.10% after 
the training on physiological interpretation of the CTG and the 
introduction of STAN technology (Figure 4), and this reduction 
was statistically significant (p<0.0001). The rate of neonatal 
encephalopathy (NNE) was comparable to the UK average, 
However, the rate of hypoxic ischaemic encephalopathy (HIE) 
due to CTG misinterpretation was reduced by 50% following the 
training on Physiological Interpretation of CTG, followed by the 
introduction of STAN monitoring (Figure 5).

Figure 2: The Modes of Delivery following training on Physiological Interpretation of CTG and introduction of STAN technology.

Figure 3: Reduction in the emergency caesarean section rate for “fetal distress” as a percentage of all emergency caesarean sections after 
the intervention in 2014.
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Figure 4: Reduction in the emergency caesarean section rate after the intervention as a percentage of all caesarean sections.

Figure 5: Note the 50% reduction in the number of cases of Hypoxic ischaemic enecephalopathy (HIE) Grades 2 & 3 secondary to CTG 
misinterpretation following the intervention (Arrow).

Discussion

Our study illustrates that intense training on Physiological 
Interpretation of CTG prior to the introduction of the STAN 
technology as an adjunct to CTG monitoring results in a reduction 
in intrapartum emergency caesarean section rate performed 
for suspected fetal compromise. The hypoxic-ischaemic 
encephalopathy (HIE) rate (Grades 2 & 3) secondary to CTG 
misinterpretation also reduce from 34% to 17% following the 
intense training on Physiological CTG Interpretation and the 
introduction of the STAN technology. This rate is approximately 
50% lower than the national reported rate, because the Each Baby 
Counts Report produced by the Royal College of Obstetricians 
and Gynecologists (RCOG) concluded that 33% of poor perinatal 

outcomes in the UK was secondary to CTG misinterpretation 
[20]. A recent meta-analysis of six randomized controlled trials 
(RCTs) comprising of >26,000 babies has concluded that the use 
of STAN is associated with a 36% statistically significant reduction 
in neonatal metabolic acidosis, and a modest (8%) reduction in 
operative vaginal births [21]. However, there has been no reduction 
in intrapartum emergency caesarean sections for suspected 
fetal compromise. The main reason for this lack of beneficial 
effect appears to be the reliance on “pattern recognition” whilst 
classifying the CTG traces according to the STAN guidelines, with 
which may lead to significant inter and intra-observer variability. 
Because a “pathological” or an “abnormal” CTG is associated with 
approximately >90% false-positive rate, and a significant inter 
and intra observer variation with “pattern recognition”, it is not 
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surprising that there was no reduction in the rate of intrapartum 
emergency caesarean sections for “fetal distress” in the studies 
analyzed. Observational studies have shown an improvement of 
perinatal outcomes with continued use of the STAN technology 
[22-25], which suggests that with continued use, clinicians 
gradually acquire a deeper knowledge of fetal pathophysiological 
responses to intrapartum hypoxic stress resulting in progressive 
improvement in neonatal outcomes.

Are our results reproducible?

Although, other maternity units observed a progressive 
improvement in perinatal outcomes with continued use of STAN 
technology [22-25] and resultant improvement in physiological 
knowledge, we wanted to train midwives and obstetricians on 
Physiological Interpretation of CTG prior to the introduction of 
STAN technology to avoid over reaction to “patterns” and to reduce 
the inter and intra-observer variability. A large teaching hospital 
in London reported that following the introduction of STAN 
technology in 2002, the analysis of the first 1502 cases showed no 
improvement in perinatal outcomes or their emergency caesarean 
section rate [26]. This study reported a metabolic acidosis rate of 
2.8%, and 14 cases of neonatal encephalopathy (NNE) amongst 
1502 babies monitored by STAN technology. The authors 
concluded that “in our unit, the introduction of STAN technology 
has not changed the incidence of emergency operator delivery 
or NNE”, and stated “better training, assessment and supervision 
of users may help improve outcome” [26]. After the introduction 
of an intensive training on physiological interpretation of CTG 
as well as a mandatory competency testing for clinicians on CTG 
interpretation, authors from the same hospital reported a 50% 
reduction in the intrapartum emergency caesarean sections, and 
a reduction of neonatal metabolic acidosis rate from 2.8% to 0.6% 
[27]. Furthermore, there was approximately a 50% reduction 
in the HIE rate, when staff were trained on physiological CTG 
interpretation whilst using the STAN technology. Therefore, 
we learned from the experience of this maternity unit, and 
introduced STAN technology only after training on physiological 
interpretation of CTG. Our results show that such an approach 
can led to a reduction in the intrapartum emergency caesarean 
section rate as well as a reduction in the HIE rate secondary to CTG 
misinterpretation. Increasing caesarean section rate is associated 
with serious maternal morbidity and mortality worldwide, which 
include uterine rupture and Placenta Acreta Spectrum (PAS) 
disorders in subsequent pregnancies. Therefore, there is an 
urgent need to reduce the rising caesarean section rate to improve 
maternal and perinatal outcomes. Although, fetal FBS was used 
as an “adjunct” to CTG interpretation in our unit until 2014 to 
reduce the false positive rate of the CTG, we completely stopped 
FBS after the training on Physiological Interpretation of CTG. Not 
only the physiological and scientific basis of FBS has been recently 
questioned [28,29], the recent Cochrane Systematic Review has 
suggested that the use of fetal scalp blood sampling does not 

improve perinatal outcomes [30]. A recent prospective multicenter 
trial from 44 maternity units in the UK has also reported that FBS 
did not improve perinatal outcomes and increased intrapartum 
operative interventions by 60% [31]. The “Achilles Heel” of the 
STAN technology is the misinterpretation of the CTG trace due to 
inter and intra-observer variability as a result of using guidelines 
which are based on “pattern recognition” on all human fetuses 
with different individual physiological reserves. The occurrence of 
a “significant STAN Event” does not require the same action within 
a stipulated time frame in all human fetuses because not only 
the individual reserve of each fetus is different, the intensity and 
the duration of hypoxia is also different. Therefore, physiological 
interpretation of CTG was introduced to help individualize care 
for each human fetus, and to develop a deeper understanding 
regarding the type of intrapartum hypoxic stress and the fetal 
response to the ongoing stress. Physiological interpretation of CTG 
with the use of STAN is aimed at overcoming the shortcomings 
of using a population-based “pattern-recognition” guidelines 
on all human fetuses. The role of such intense training on CTG 
interpretation whilst using STAN has been emphasized earlier 
[32, 33]. We recognize that out study has several limitations. It is 
a retrospective, single center study, and therefore, it is associated 
with the bias associated with any retrospective analysis. We did 
not make any significant changes in staffing or other processes in 
our maternity unit which may have influenced the outcome. Better 
understanding of fetal physiology resulted in complete stopping of 
FBS and having no “suspicious or pathological CTG” traces, and in 
individualization of care. 

Conclusion

Our study shows that intense training on physiological 
interpretation of CTG prior to the introduction of the STAN helps 
in reducing intrapartum emergency caesarean sections and the 
HIE rate secondary to CTG misinterpretation. One may argue that 
such an approach, focused on intense training on physiological 
CTG interpretation and introduction of STAN technology is costly. 
However, airlines do provide an intense training to their pilots to 
ensure passenger safety. CTG misinterpretation and its resultant 
medicolegal implications not only has financial implications to 
hospitals, but it also has an enormous human cost to women, 
families and the society as well as the midwives and obstetricians 
who are involved in adverse incidents. Therefore, based on our 
experience and outcomes, we recommend physiological CTG 
interpretation and the introduction of STAN technology as an 
adjunctive test to reduce the false positive rate of the CTG trace 
and to improve maternal and perinatal outcomes.
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