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Abstract

Introduction: Intrapartum fetal monitoring is essential for the identification of fetal hypoxia
to reduce perinatal morbidity and mortality. Cardiotocography is associated with low specificity
for fetal acidosis and poor perinatal outcome leading to unnecessary operative deliveries. ST
waveform analysis of the fetal electrocardiogram has been shown to be a promising adjunctive
intrapartum assessment tool. We aim to present the pathophysiology, the role of intrapartum
monitoring and the practical usage of this relatively new technology in our review. Methods: An
electronic search of Medline and OVID was carried out, followed by a manual search of the
references identified by the electronic search. Results: The incorporation of ST waveform
analysis to cardiotocography has been shown to reduce the rates of neonatal metabolic acidosis,
moderate and severe neonatal encephalopathy, thusimproving perinatal outcome. The reduction
in operative delivery rates due to fetal distress is also significant. The pathophysiology and
practical usage of this technology were discussed. Conclusions: With more accurate identifica-
tion of fetal hypoxia and reduction of unnecessary intervention rates, incorporation of ST
waveformanalysis of fetal electrocardiography into cardiotocography can improve the standard

of intrapartum fetal monitoring.
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Introduction

Intrapartum fetal monitoring is essential for the
identification of fetal hypoxiato reduce perinatal morbidity
and mortality. Although electronic fetal heart rate
monitoring leads to reduction in the rates of neonatal
seizures, no significant differences were observed in Apgar
scores, admissions to neonatal intensive care units and
perinatal deaths.! Low specificity for fetal acidosis and
poor perinatal outcome provided by cardiotocography leads
to unnecessary operative deliveries.%? Subjective and
incorrect interpretation of cardiotocography data is a
common finding in intrapartum event-related asphyxia.*
In a review of 110 cases of obstetric litigation for cerebral
palsy, Symonds and Senior® found that 70% of these claims
were based on cardiotocography abnormalities and their
interpretation. Computerised cardiotocography may offer
more objective and accurate information of intrapartum
fetal health assessment®® but randomised controlled trials
in this field are very limited.

Adjunctive methods are important in improving the
sensitivity and specificity of intrapartum fetal monitoring.
Fetal blood sampling may decrease unnecessary intervention
without adversely affecting the fetal outcome.® However,
fetal blood sampling requires additional expertise, generates
discomfort for the mother and is invasive.’®!! Repetitive
procedures are also required when abnormalities on
cardiotocography persist as fetal scalp samples can only
give intermittent information about fetal acid-base status,
which limits its use.*?

To address these challenges, technologies such as fetal
pulse oximetry, fetal electrocardiogram and umbilical artery
Doppler velocimetry have been developed to monitor
various fetal parameters in labour.*s Over the years, ST
waveform analysis (STAN) of the fetal electrocardiogram
has emerged from experimental and observational studies
to clinical use, and this technology has been shown to be a
promising intrapartum assessment tool. Despite the
publication of studies including 25,000 patients, the use of
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this technology remains limited, especially in the Asian
countries. Increasing the awareness of this system would
hopefully allow a wider use of the ST waveform analysis
among various Asian countries. A review of the literature
ontheunderlying pathophysiology of ST waveformanalysis,
itsrole in intrapartum monitoring and the practical usage of
this relatively new technology will be presented in this
article.

Materials and Methods

An electronic search of Medline and OVID was carried
out, followed by amanual search of the references identified
by the electronic search. The key words used in the electronic
search were cardiotocography, fetal electrocardiography,
fetal ST waveform analysis, intrapartum and perinatal
outcomes. Additional sources were obtained through cross-
referencing. Educational materials on the subject were also
reviewed.

Usage of STAN in Various Countries

STAN s currently used in more than 200 European
hospitals and other countries such as the United Kingdom.
Despite good evidence supporting the advantages of ST
waveform analysis, usage of this technology remained
sparse outside of the European countries until recently.
Lack of awareness of the beneficial application of the
STAN system and the stringent evaluation of the system
before FDA (Food and Drug Administration) approval are
2 reasons for the non-usage of this device in many centres.
None of the other adjunctive modalities for intrapartum
fetal monitoring has been tested as extensively by
randomised controlled trials as has the STAN system.®
Sufficientevidence allowed the STAN device to be approved
by the FDA in the United States in November 2005.
Introduction of this system into routine clinical practice in
the United States is being encouraged and an increase in the
usage of this device would be expected. The use of STAN
in Asian countries remains limited partly due to the lack of
awareness of the benefits and usage of this system in many
centres.

Components of Fetal Electrocardiography

ST waveform changes of the fetal electrocardiogram
provide continuous information on the ability of the fetal
myocardium to respond to stress throughout labour. Fetal
electrocardiogram is a reflection of the electrical currents
generated by the myocardium. The p wave represents atrial
contraction, QRS complexes ventricular contractionand T
wave ventricular repolarisation. The STAN system
combines RR interval with analysis of the ST waveform.
The ratio between the height of the T wave and the QRS
amplitude provides the T/QRS ratio, which serves as an
accurate measurement of changes in T-wave height.
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Pathophysiology

The balance between energy-yielding and energy-
consuming processes forms the basis of the ST waveform,
with a negative energy balance being created with hypoxia.
In the event of hypoxia, the fetus responds with a
catecholamine surge, activation of beta adrenoceptors,
myocardial glycogenolysis and metabolic acidosis.!
T- wave amplitude increases as the rate of glycogenolysis
increases.’®'® This myocardial hypoxia also results in
biphasic ST waveforms on the electrocardiogram, where
the ST segment demonstrates adownward direction instead
of being horizontal or leaning positively.?

The important parameters are T/QRS ratio and ST
depression with biphasic negative T waves. Episodic T/
QRS rise corresponds to short-lasting hypoxia, resulting in
the utilisation of fetal anaerobic metabolism to support its
myocardium. Baseline T/QRS rise reflects a situation
where the fetus has to respond to persistent hypoxic stress
with anaerobic metabolism. Biphasic ST occurs when the
fetal myocardium has not had time to respond to hypoxia or
does not have the capacity to react.! It may also be seen
with fetal infections and fetal cardiac malformations? and
among preterm fetuses, which may be related to the
immaturity of the myocardium.?

The clinical impact of T/QRS increase depends on the
cardiotocography pattern. With intermediate cardio-
tocography, a greater increase in T/QRS can be accepted
than when the cardiotocography is abnormal. The
classification of cardiotocography is illustrated in Table 1.
The STAN clinical guidelines illustrating the need for
intervention are shown in Table 2. Intervention can be
delivery or alleviation of the cause of fetal distress such as
uterine hyperstimulation.

Evidence from Literature

To date, 2 randomised controlled trials®*? have been
published on the use of ST-waveform analysis. The first
randomised controlled trial (Plymouth trial) by Westgate et
al?* showed a 46% reduction in operative interventions for
fetal distress with the incorporation of ST analysis. The
findings were confirmed by Amer-Wahlin et al?® (Swedish
trial), who showed the improved specificity of intrapartum
monitoring following incorporation of ST waveform
analysis, with reduced operative delivery rates for fetal
distress as well as the overall operative delivery rates.

The incorporation of ST waveform analysis resulted in
significantly lower rates of overall metabolic acidosis
compared to monitoring with cardiotocography alone [0.7%
versus 2%; relative risk, 0.47 (95% confidence interval
{Cl},0.25t0 0.86)]. There was also a significant reduction
of moderate or severe neonatal encephalopathy among
term newborns from 0.33% in the cardiotocography-only
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Table 1. CTG Classification (Modified from the FIGO Guidelines, 1997)

CTG classification Baseline heart frequency Variability reactivity Decelerations

Normal CTG ¢ 110-150 bpm  5-25 bpm

 Accelerations

« Early decelerations
« Uncomplicated variable decelerations with a
duration of <60 seconds and loss of <60 beats

Intermediary CTG * 100-110 bpm
* 150-170 bpm

« Short bradycardia episode

« >25 bpm without accelerations
* <5 bpm for >40 min

« Uncomplicated variable decelerations with a
duration of <60 seconds and loss of >60 beats

A combination of several intermediary observations will result in abnormal CTG

Abnormal CTG  150-170 bpm and reduced
variability
¢ >170 bpm

« Persistent bradycardia

» <5 ppm for >60 min
« Sinusoidal pattern

« Complicated variable decelerations with a
duration of >60 seconds
 Repeated late decelerations

Preterminal CTG « Total lack of variability and reactivity with or without decelerations or bradycardia

bpm: beats per minute; CTG: cardiotocography; FIGO: International Federation of Gynecology and Obstetrics

Table 2. STAN Guidelines for Clinical Intervention Based on CTG Abnormalities ST Waveform Changes®

ST CTG Intermediary CTG Abnormal CTG Preterminal CTG
Episodic T/QRS rise *>0.15 *>0.10

(Duration of change <10 minutes)

Baseline T/QRS rise *>0.10 * >0.05 * Immediate delivery

(Duration of change >10 minutes)

Biphasic ST « Continuous >5 min

or 3 episodes

« Continuous >2 min
or 2 episodes

CTG: cardiotocography

group to 0.04 (odds ratio 0.12; 95% CI, 0.01 to 0.94;
P = 0.02).% The incorporation of ST waveform analysis
therefore allows more accurate identification of fetal hypoxia
and earlier intervention, leading to improved perinatal
outcome.

A recent Cochrane review® supported the use of ST-
waveform analysis when a decision has been made for
continuous electronic fetal heart rate monitoring during
labour. However, the reviewers commented that satisfactory
cardiotocography traces can be obtained by external
monitors in most women during labour and suggested the
restriction of fetal ST waveform analysis to fetuses
demonstrating disquieting features on cardiotocography.
The problem with this is that hypoxic fetuses may not
demonstrate abnormal ST waveforms at the stage where
the adaptive mechanisms have failed, whilst this could be
detected if STAN was commenced earlier.

The important clinical use studies of STAN usage are the
Nordic Study,?” European Union Project,?® Gothenburg
Study® and the United States Study.* These studies
reconfirmed the value of ST waveform analysis in
identifying intrapartum hypoxia. The use of cardio-
tocography plus ST waveform analysis may replace fetal
blood sampling during the second stage of delivery.283!
Ross et al®? showed that STAN improved observer

consistency in both the decision for and timing of obstetric
interventions. The important clinical studies on ST
waveform analysis are summarised in Table 3.

Practical Usage of STAN

A fetal scalp electrode is required to obtain the fetal
electrocardiography. The STAN system has an event log
which displays the time of occurrence and the types of ST
events. When the STAN system is started, the event log
requires 20 minutes before identifying the baseline from
which subsequent changes may be demonstrated. ST
waveform analysis requires close attention to the signal
quality of the fetal electrocardiogram. Signal disturbance
caused by improper fetal scalp electrode application may
result in fetal heart trace still being recorded but without
adequate signals for ST waveform analysis.

Some fetuses may not display ST changes either because
monitoring is started after ST changes have taken place or
the fetus does not display identifiable ST changes for
unknown reasons. Preterminal CTG traces warrant
intervention even without any accompanying ST changes
because this may be the only sign of severe hypoxia with
failing adaptive mechanisms.?® In hypoxic fetuses with a
rise in the T/QRS ratio, one warning in the ST log should
be considered sufficient evidence to intervene, if the
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Table 3. Important Clinical Studies on the Use of Intrapartum ST Waveform Analysis of Fetal Electrocardiogram

Author and Year Type of study Description

Conclusion

Randomised
controlled trial

Westgate et al** 1993

Plymouth RCT: Comparison of CTG
alone versus CTG plus ST analysis for
intrapartum fetal monitoring.

A 46% reduction in operative interventions for
fetal distress was reported when ST analysis
was incorporated.

Outcomes were obstetric intervention

and fetal outcome.

Amer-Wahlin et al”®> 2001 ~ Randomised

controlled trial

Swedish RCT: Comparison of CTG
only versus CTG plus ST analysis of
fetal ECG for intrapartum fetal
monitoring. Primary outcome was

Intrapartum monitoring with CTG combined with ST
analysis increases identification of fetal hypoxia and
allows more appropriate intervention, leading to improved
perinatal outcome.

metabolic acidosis at birth. Secondary
outcomes were operative deliveries, low
Apgar scores and admissions to special

care unit.

Amer-Wahlin et al?” 2002  Nordic observational

multicentre study

Assessment of the diagnostic power
of CTG plus ST waveform analysis

STAN clinical guidelines identify fetuses at risk of
intrapartum asphyxia.

clinical guidelines to identify

adverse labour outcomes.

Noren et al?® 2003 Randomised

controlled trial

Review of cases of perinatal death,
neonatal encephalopathy or metabolic

CTG plus ST analysis may prevent intrapartum asphyxia
and neonatal encephalopathy.

acidosis at birth from Swedish RCT.

Kwee et al?® 2004 Prospective

observational study

relation to ST changes.

Evaluation of the monitoring of high-
risk labours using STAN S21 fetal
heart monitor. The recordings were
analysed for perinatal outcome in

ST changes were present in all 5 cases with severe
metabolic acidosis. CTG plus ST analysis was more
specific in detecting fetal acidaemia than CTG alone with
reduction of false-positive test results. CTG plus ST
analysis may replace fetal blood sampling during the
second stage of delivery.

Ross et al®? 2004 Clinical trial

making.

Evaluation of the effect of adding ST
analysis to CTG on observer
agreement for clinical decision

Incorporation of ST analysis to CTG improved observer
consistency in both the decision for and timing of
obstetric interventions.

Neilson® 2005
— meta-analysis

Cochrane review

Meta-analysis of randomised controlled
trials comparing the effects of analysis
of intrapartum fetal ECG with
alternative methods of fetal monitoring

Use of fetal ST analysis is supported when a decision has
been made to undertake continuous electronic fetal heart
rate monitoring in labour. An approach suggested is to
restrict fetal ST analysis to fetuses demonstrating
disquieting features on CTG.

Noren et al* 2006 Prospective

observational study methodology.

Monitoring the introduction of the STAN Increasing STAN usage provided consistent

improvements in fetal outcome.

Devoe et al*® 2006 Prospective

non-randomised

Evaluation of STAN usage by the
clinicians in the United States in
trial decision making regarding intervention.

Clinicians in the United States used the STAN system
appropriately, in a manner similar to that of experienced
STAN users.

CTG: cardiotocography; ECG: electrocardiogram; RCT: randomised controlled trial; STAN: ST analysis

intervention criteria used in the clinical guidelines are
fulfilled. The clinical scenario and course of labour are
paramount and the type of intervention must take into
account critical information such as stage of labour and
maternal conditions.

As with any new methodology, structured efforts on
training and user feedback are essential to fully implement
the STAN methodology in clinical practice. Amer-Wahlin
et al**showed that retraining improved the interpretation of
cardiotocography and ST waveform analysis, resulting in
better clinical outcome. The STAN S21 (Neoventa Medical,
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Moelndal, Sweden) saw the full use of digital signal
processing with automatic detection of the ST changes

(Fig. 1).
Conclusion

Strong evidence exists to support the incorporation of ST
waveform analysis of fetal electrocardiogram into
cardiotocography for intrapartum monitoring, with
reduction in the rates of neonatal metabolic acidosis as well
as neonatal encephalopathy. This is achieved with fewer
operative deliveries, which could lead to reduced maternal
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Fig. 1. The STAN S21 (Neoventa Medical, Moelndal, Sweden) device.

m

orbidity or mortality. With more accurate identification

of fetal hypoxia and the reduction of unnecessary

in
fe

tervention rates, continuous improvement of intrapartum
tal monitoring can be achieved. Wider use of this robust

technology should be encouraged.
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