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Figure 11.15 Ominous trace

A good trace within a reasonable period of the deterioration with 
an acute event such as an abruption suggests rapid intervention will 
be productive assuming a reasonable gestational age. Intervening 
when the main feature is tachycardia suggests some ability of the 
fetus to survive. Once the terminal bradycardia develops after the 
tachycardia the situation may be irretrievable (Fig. 11.16), especially 
when there are features of a random, uncontrolled undulatory pattern 
with no baseline variability (Fig. 11.17). This pattern suggests the 
possibility of central nervous system damage due to hypoxia. The
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Cardiotocographic interpretation: more difficult problems 183

Figure 11.17 Terminal hypoxic central nervous system damage

challenge is to intervene in such pregnancies before this situation is 
reached; however, it should be kept in mind that central nervous 
system malformations can give rise to such patterns (see Ch. 6).

RECORDING OF THE MATERNAL HEART RATE THAT CAN 
MIMIC THE FETAL HEART RATE ____

Maternal heart rate (MHR) recording can mimic the FHR recording. 
This can arise in many situations and the steps to avoid this are:

1. Follow the current recommendation of the Medical Devices 
Agency. At the onset of the electronic fetal monitoring auscultate 
the FHR and apply the transducer, rather than cross-checking
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FETAL MONITORING IN PRACTICE

with the maternal pulse. The reason for this is that the maternal 
pulse can be picked up by the ultrasound transducer and can be 
doubled (an increase of 100%), or it could be increased by 50%. It 
would be difficult to state whether the recording seen is that of 
the mother or the fetus.

2. It is also not uncommon for the machine to switch from fetal to 
maternal heart rate halfway through the recording. Any sudden 
shift in the baseline rate or a double baseline rate should indicate 
the possibility of recording the MHR and should warrant auscul­
tation of the FHR.

3. Should there be a technically unsatisfactory recording with an 
ultrasound it is quite important that a scalp electrode is applied 
to obtain continuous FHR recording unless there is a contraindica­
tion to the use of fetal scalp electrode. This occurs more commonly 
in the late first and second stage of labour when the head moves 
down, or when the mother is restless, or there are too-frequent 
contractions with decelerations.

4. Be wary of a clear step change in the fetal heart pattern during 
the late first stage and the second stage of labour as the fetal head 
descends. This may not necessarily be a change in baseline rate, 
but rather a change in appearance (see Fig. 11.18). The overall 
features of baseline variability and reactivity seen on a trace are 
consistent throughout labour allowing for the normal variation of 
fetal sleep/wake cycles. At this stage of labour the baseline heart 
rates of mother and baby may be rather similar. The reappearance 
of accelerations is not reassuring after their preceding absence. It 
may be acceleration of the mother's heart (see below). Ausculta­
tion may help but application of a fetal scalp electrode will clarify 
the picture.

The following gives an explanation as to how these incidents occur. 
The characteristics of the MHR recording are different from that of 
the FHR recording in the second stage of labour. The FHR decelerates 
with head compression while the MHR increases with the uterine 
contractions. This should be identified and the FHR should be aus­
cultated if there is any doubt. This knowledge should be dissemi­
nated widely to the maternity service practitioners (doctors and 
midwives). It would also be useful for those who are working in the 
community and midwifery birthing centres.

The appearance of the maternal heart rate in labour

The traces shown in Figure 5.25 are simultaneous recordings of the 
FHR (upper trace) and MHR (middle trace). The MHR is recorded by
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a precordial electrocardiograph (ECG) lead on the anterior aspect of 
the mother's chest and is indicated automatically by the machine as 
'M ECG' in between the contraction (lower trace) and the FHR chart 
channels. The MHR recording shows features of accelerations and 
increased baseline variability.

Unless closely observed for the accelerations corresponding to the 
contractions it is similar to the FHR. The MHR pattern in labour has 
been studied.12 Following such studies the unintentional recording of 
MHR in labour has been increasingly reported12110 and it has been 
shown that increase of the MHR with contractions is present in most 
cases. This rise in the baseline heart rate may be a response to the increased 
blood flozving into the maternal heart during the uterine contractions. A  
typical example is shown in Figure 11.18.

The CTG shown in Figure 2.6 was that of a dead fetus and the 
signals were recorded with the use of a scalp electrode which shows 
the accelerations corresponding to the uterine contractions. In situa­
tions of fetal death the ultrasound transducer may pick up one of the 
maternal vessel pulsations and present it on the recorder, which gives 
a false impression of the FHR. If the characteristics of the MHR are 
not recognized one may continue to record, thinking that it is the 
FHR, only to find that the baby is stillborn or in a poor condition.

One has to think why the heart rate is accelerating with contrac­
tions in the late first and second stage of labour instead of having 
early or variable decelerations compatible with compression of the 
fetal head, as described in Chapter 8. Unfortunately this is not 
common knowledge to clinicians, nurses or midwives and many

Figure 11.18 Observe the change in the fetal heart rate decelerative 
pattern with each contraction suddenly shifting to an accelerative pattern 
of maternal heart rate. The rise starts with the onset of the contractions 
and returns to its baseline rate with the offset of the contractions
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186 FETAL MONITORING IN PRACTICE

Figure 11.19 Recording fetal heart rate by (A) ultrasound transducer; 
(B) scalp electrode

ak
us

he
r-li

b.r
u



Cardiotocographic interpretation: more difficult problems 187

interpret this as a FHR trace with accelerations in the second stage of 
labour. Alternatively they mistake the peak of the increase of the 
MHR to be the baseline FHR (if the MHR remains high for a longer 
duration) and the return of the MHR to its baseline rate as FHR 
decelerations.

Figure 11.19 illustrates how the fetal heart rate is recorded for 
continuous fetal heart rate monitoring. Mostly it is done using an 
ultrasound transducer or a scalp electrode. If the baby is dead there 
is a possibility that the maternal ECG could be transmitted via the 
electrode and recorded on the chart, and for observers to believe that 
it may be the FHR. Similarly the ultrasound transducer can pick up 
any pulsating maternal vessels, calculate the rate and record this on 
the chart, mimicking a FHR especially when there is no FHR or a very 
low FHR.

Figure 11.20 illustrates how the ultrasound transducer can slip 
from its original position where it was picking up the fetal heart, and 
then pick up a maternal pulsation, giving a trace of the MHR that 
may appear like the FHR, unless someone recognizes it and readjusts 
the transducer to get the FHR. If it was not recognized, the MHR 
would have been recorded without knowledge of the FHR until the 
end of labour. Here the sudden shift is obvious, but in exceptional 
cases it may be very subtle and difficult to pick up unless there is 
close scrutiny to observe the sudden changes in the baseline rate or 
the characteristics of the heart rate pattern.

Figure 11.20 Recording by ultrasound -  initial recording is that of the 
fetus. The ultrasound transducer slipped to the flank and picked up the 
maternal heart rate. This was identified and the transducer was replaced to 
record the fetal heart rate
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88 FETAL MONITORING IN PRACTICE

Figure 11.21 Trace showing fetal bradycardia of 70-75 bpm and doubling 
of the rate to 140 to 150 bpm thus giving two heart rates

It is known that the ultrasound transducer may pick up the mater­
nal signal if the target signal moves away, such as after delivery of 
one twin or when there is sudden death of a fetus or acute fetal 
bradycardia.

Figure 11.21 shows how the machine doubles the FHR with bra­
dycardia. In this case the two rates are seen, the lower line showing 
the true baseline FHR and the upper one the heart rate due to dou­
bling. It is important to auscultate the FHR when two rates are 
recorded to identify whether it could be fetal or maternal.

At times the machine can record the MHR (perhaps doubled) with 
occasional glimpses of the FHR at a lower rate.111 One should observe 
the heart rate in relation to the contractions with the bearing-down 
efforts in the second stage of labour. If the heart rate increases when 
the mother has painful contractions and returns to the baseline after 
the contraction returns to the baseline it is most likely to be the MHR 
because the FHR should decelerate with contractions due to head 
compression.ak
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Chapter 1 2

The role of scalp pH

The availability of fetal scalp blood sampling for the assessment of 
fetal scalp capillary blood pH and its application in practice vary 
enormously. The NICE guidelines have suggested the use of scalp 
pH in situations with suspicious and/or pathological cardiotocogra­
phy (CTG) after due consideration to the clinical situation.13 At times 
the clinical situation may demand early delivery rather than a scalp 
pH. In reality, junior doctors use scalp pH more when they have 
less experience of labour ward responsibilities. This is understand­
able as they have a greater anxiety with a less-developed degree 
of understanding. As they gain experience and use pH as a guide, 
they then understand better the associations of an abnormal and 
a normal pH and will need this reassurance less often. The process 
of scalp blood sampling is undignified and uncomfortable for the 
woman. This is not to say it should not be done if properly 
indicated.

When the fetal heart rate (FHR) is reactive and normal, the chance 
of fetal acidosis is extremely low.112-114 On the other hand, suspicious 
and abnormal FHR changes are not always associated with acido­
sis.113-116 Such observations form the basis of the perceived need to 
measure fetal scalp pH for further investigation.

Changes in the CTG cause anxiety to the person not familiar 
with CTG interpretation. An inexperienced person in a centre 
with fetal blood sampling (FBS) facilities might perform FBS 
more frequently. When properly interpreted, assessment of 
FHR changes in most cases proves of equal value to pH in pre­
dicting fetal outcome.14 FBS is a useful adjunct because, even with 
the worst pattern of tachycardia, reduced baseline variability and 
decelerations, only 50-60%  of the fetuses are acidotic.113 A wall 
chart correlating different FHR patterns to the percentage who 
are likely to be acidotic is available in most labour wards. It is 
clear from that chart and other studies that when the FHR pattern
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1 9 0  FETAL MONITORING IN PRACTICE

exhibited accelerations the chance of fetal acidosis was zero, empha­
sizing accelerations as the hallmark of fetal health.113 One problem 
of these charts is that all fetuses do not conveniently provide a fetal 
heart tracing that easily falls into one category. There is the added 
perspective of the need for a time continuum, which is so important 
in trace analysis.

Baseline variability is another good indicator of fetal health. When 
normal baseline variability is observed in the last 20 min prior to 
delivery, the babies are in good condition at birth regardless of other 
features of the trace.117 Fetal acidosis is more common when there is 
a loss of baseline variability with tachycardia or late decelera­
tions.113,118 The preservation of normal baseline variability indicates 
that the autonomic nervous system is responsive and the fetus is 
trying to compensate despite other abnormal features in the trace. 
The reason that, with a given FHR pattern, there are different per­
centages of fetuses showing acidosis depends on the duration for 
which the suspicious or abnormal FHR pattern was present before 
the time of FBS.15 The approximate duration after which acidosis 
develops in an appropriately grown term fetus with a given FHR 
pattern has been discussed previously. It is also known that, in 
fetuses with less 'placental reserve' such as those with intrauterine 
growth restriction (IUGR), thick scanty meconium-stained fluid,119 
in the presence of bleeding and in post-term infants, the rate of 
decline of pH is steep compared with term infants appropriately 
grown with abundant, clear amniotic fluid.

RESPIRATORY AND METABOLIC ACIDOSIS

Assessing pH alone does not suffice to identify the fetus at risk, 
and more comprehensive blood gas analysis may be necessary for 
clinical management. The placenta is the respiratory organ of the 
fetus. Reduction of perfusion of the placenta from the fetal circulation 
is manifest as variable decelerations due to cord compression, and 
reduction of perfusion from the maternal circulation is manifest as 
late decelerations. During the early stage of such threats the transfer 
of carbon dioxide from the fetal to maternal side is reduced leading 
to its accumulation. This results in respiratory acidosis manifested 
by a low pH and a high P C 0 2- Respiratory acidosis is transitory 
particularly when corrective measures are taken and can be managed 
conservatively provided the FHR pattern improves. W ith a further 
reduction of perfusion from the maternal or fetal side the oxygen 
transfer becomes affected leading to anaerobic metabolism and 
metabolic acidosis in the fetus. This is manifested by a low pH, 
low P 0 2 and high base excess. Such metabolic acidosis is damaging 
to the tissues. Transitory low pH values of respiratory type are
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The role of scalp pH 191

not uncommon in low-risk labours. Acidotic pH values in cord 
arterial blood in babies born with good Apgar scores are due to 
this phenomenon: 73% of babies with cord pH below 7.00 had a 
1 min Apgar score of more than 7 and 86% had a 5 min Apgar score 
greater than 7.120 These findings are probably due to respiratory 
acidosis which does not correlate well with fetal or neonatal condi­
tion. In this situation a comprehensive blood gas analysis, including 
P C 0 2, base excess and preferably lactic acid, is desirable and more 
predictive. Caution should be exercised in using equipment that mea­
sures only pH. It is possible to determine the degree of metabolic 
acidosis by measuring the lactic acid level by the bedside with 5 |_il 
of blood using the lactate card.121 Intrauterine infection with a 
high metabolic rate presents a greater oxygen demand to the fetus 
and metabolic acidosis might develop with minimal interruption of 
placental perfusion.

WHEN TO DO FETAL BLOOD SAMPLING

Gradually developing hypoxia

The fetus becomes hypoxic and acidotic in labour in association with 
compromise of perfusion to the fetal or maternal side of the placental 
circulation. W ith the exception of situations of acute hypoxia due to 
cord prolapse, scar dehiscence, abruption and prolonged bradycar­
dia, it is unusual for a fetus that has shown accelerations and good 
baseline variability to become hypoxic without developing decelera­
tions in labour. The decelerations indicate the presence of stress to 
the fetus, whether from the challenge of poor perfusion or mechanical 
pressure. Provided the baseline FHR has not started to rise and there 
is no reduction in the baseline variability to less than 5 beats, there is 
little to be gained by performing FBS, as the pH is likely to be normal 
unless the decelerations are prolonged and last for a duration two to 
three times greater than the duration of baseline FHR between the 
decelerations. If the baseline FHR has risen by 20-30 beats and is not 
showing any further rise, with a reduction in variability to less than 
5 beats, then distress is probable. Despite the fetus having increased 
its cardiac output to a possible maximum by increasing the FHR, the 
functioning of the autonomic nervous system controlling the baseline 
variability is compromised by hypoxia. The time course of this process 
may be referred to as the stress-to-distress period. This period varies 
from fetus to fetus depending on the physiological reserve. This 
reserve is critically low in high-risk situations of postmaturity, IUGR, 
intrauterine infection and in those with thick meconium and scanty 
amniotic fluid.
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192 FETAL MONITORING IN PRACTICE

When the FHR shows hypoxic features suggestive of distress it is 
important to perform an FBS for pH and blood gases as the fetus 
may be, or become, acidotic. Initially this will be a respiratory, fol­
lowed by metabolic, acidosis. Once the FHR shows a distress pattern 
(markedly reduced baseline variability with late or atypical variable 
decelerations), the time taken for metabolic acidosis to develop is 
unpredictable. This pattern is referred to as preterminal pattern by 
some authors. After a certain duration of the distress pattern (the 
distress period) the FHR starts to decline in a rapid stepwise pattern, 
culminating in terminal bradycardia and death (the distress-to-death 
period). The stress-to-distress interval (20.00 h-00.00 h, i.e. 4 h), the 
distress period (00.00 h-03.00 h, i.e. 3 h) and the distress-to-death 
period (03.00 h- 03.40 h, i.e. 40 min) are illustrated by Figure 11.13A- 
J. Another example where the stress-to-distress period, the distress 
period and the distress-to-death period are much shorter is shown 
in Figure 7.4A-F. Clinical interpretation of the FHR pattern will 
identify the onset of stress, distress and the stress-to-distress period. 
It will also identify the fetus in the distress period. An accurate 
prediction of the distress period cannot be made based on the 
FHR pattern as illustrated by these two examples. During the final 
decline phase (distress-to-death period), when the fetal heart rate 
drops irretrievably within a short period, it is often too late to 
intervene.

The value of FBS may be at the onset of the distress period and 
again repeated 30-40 min later or earlier, depending on the first pH 
and base excess, baseline variability and the type of decelerations. 
Adherence to the recommendation of immediate delivery when the 
pH is less than 7.20 (acidosis), and a repeat sample in 30 min or less 
when the pH was 7.20-7.25 (pre-acidosis) is good practice. Previous 
recommendations were that when the pH was greater than 7.25 
repeat sampling was not required unless the FHR deteriorated. This 
approach may generate a false sense of security when the trace does 
not deteriorate, although the pH is declining. Repeat measurement 
in appropriate time based on the first pH, and the abnormality of the 
trace even when the first pH is in the normal range, helps to identify 
the rate of decline.122 A decision for delivery can be made considering 
the rate of decline of the pH, the clinical risk factors (IUGR, thick 
meconium), parity, current cervical dilatation and rate of progress of 
labour.

Subacute hypoxia

The pH may deteriorate rapidly in a fetus who previously had a reac­
tive trace without an increase in the baseline FHR, if the decelerations 
are pronounced with large dip areas (drop of more than 60 beats per 
min (bpm) for over 90 s) with the FHR recovering to the baseline only
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for short periods of time (less than 60 s). Examples of such traces are 
shown in Figure 12.1A-F. In these situations a drop in pH can be by 
as much as 0.01 every 3^1 min. This decline in pH will be even steeper 
if the preceding trace was suspicious or abnormal or the clinical 
picture was one of high risk (IUGR, thick meconium with scanty 
fluid, or intrauterine infection). Further insults at this time, such as 
oxytocin infusion or a difficult instrumental delivery, may make the 
situation worse. With such traces, attempts at FBS will delay much- 
needed urgent delivery.

Chronic hypoxia
A non-reactive FHR pattern showing a baseline variability less than 
5 beats with shallow decelerations (less than 15 beats for 15 s), even 
with a normal baseline rate, indicates severe compromise and deliv­
ery should be expedited without delay to avoid fetal death (see Fig. 
7.6A-D). A non-reactive trace with a baseline variability of less than 
5 beats but without decelerations lasting more than 90 min indicates 
the possibility of already existing hypoxic compromise or damage 
due to other reasons (e.g. cerebral haemorrhage). This needs further 
evaluation if the pH is normal. In these circumstances fetal death may 
occur suddenly without further warning of a rise in baseline FHR or 
decelerations (see Fig. 7.5A-J). Hence, a non-reactive trace for greater 
than 90 min is abnormal and is an indication for further evaluation 
to rule out hypoxia.

Acute hypoxia

Abruption, cord prolapse, scar dehiscence and uterine hyperstimula­
tion may give rise to acute hypoxia. This may manifest as prolonged 
bradycardia; at other times prolonged bradycardia occurs without 
obvious reason and in all circumstances is associated with rapidly 
progressive acidosis. With a bradycardia of less than 80 bpm the pH 
is likely to decline at the rate of approximately 0.01 per min.87 The 
decline may be steeper in the presence of an abnormal trace prior to 
the bradycardia.

With FHR patterns suggestive of acute or subacute hypoxia, per­
forming a FBS might delay intevention, resulting in poor outcome. 
In FHR patterns with poor variability lasting for more than 90 min, 
but with no decelerations, investigations should be performed to 
identify the cause. The principle can be established that the FHR 
pattern identifies the onset of stress (decelerations) and of distress 
(maximal elevation of baseline FHR with baseline variability less than 
5 beats). Although the onset of stress and distress can be identified, 
the duration of the distress period before the fetus becomes hypoxic
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B

Figure 12.1 (A-F) Subacute hypoxia: prolonged decelerations (>90 s, depth 
>60 bpm) with short intervals of recovery (<60 s) to baseline rate
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Figure 12.1 (continued)
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and acidotic cannot be predicted. A decision is required to deliver or 
to perform FBS, bearing in mind the clinical picture, if the prospect 
of early delivery is poor.

Alternative methods like electrocardiograph waveform analysis 
and pulse oximetry are being used as adjuncts to CTG for monitoring 
the fetus. They have a place only in assisting clinical decision making 
when the FHR starts to become suspicious, and should be used only 
after acquiring adequate knowledge and training of how to use them. 
They are useful adjuncts and may replace FBS. Computer-assisted 
interpretation of the CTG is likely to assist in decision making espe­
cially in judging baseline variability when the CTG becomes suspi­
cious or abnormal. W hen the CTG is normal there is no need for the 
adjunctive methods.

WHEN NOT TO DO FETAL BLOOD SAMPLING

Frequently the FHR changes observed might be due to factors 
other than hypoxia. Dehydration, ketosis, maternal pyrexia and 
anxiety can give rise to fetal tachycardia but do not usually present 
with decelerations. Occipitoposterior position is known to be 
associated with more variable decelerations without hypoxic 
features, evidenced by normal baseline rate and variability.123 
Oxytocin can cause hyperstimulation resulting in FHR changes of 
various forms, which have been discussed in an earlier chapter. 
Prolonged bradycardia can be due to postural hypotension follow­
ing epidural analgesia. FHR changes should be correlated with the 
clinical picture before action is taken. In many instances remedial 
action such as hydration, repositioning of the mother or stopping 
the oxytocin infusion will relieve the FHR changes and no further 
action is necessary. When the FHR changes persist despite such 
actions, a FBS or one of the stimulation tests is warranted. At times 
FBS may not be necessary because the trace is reassuring with accel­
erations and normal baseline variability despite some decelerations 
(Fig. 12.4), or it may show a low result transiently and later show 
a good result; the pH may be low transiently due to respiratory 
acidosis. Above all, when the trace is ominous or the clinical picture 
is poor it is better to deliver the baby rather than wasting time 
with FBS. At times a false reassurance leads to an unsatisfactory 
outcome.

Scalp FBS is often not appropriate under the following 
circumstances:

1. W hen the clinical picture demands early delivery (Fig. 12.2): 42 
weeks' gestation, cervix 3 cm dilated, thick meconium with scanty 
fluid
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198 FETAL MONITORING IN PRACTICE

Figure 12.2 Clinical picture demands early delivery

Figure 12.3 The FHR trace is ominous prompting immediate delivery

2. When an ominous trace prompts immediate delivery (Fig. 12.3)
3. When the FHR trace is reassuring (Fig. 12.4)
4. When the changes are due to oxytocic overstimulation (see Fig. 

10.5)
5. When there is associated persistent failure to progress in labour 

(Fig. 12.5)
6. During, or soon after, an episode of prolonged bradycardia (see 

Fig. 10.4)
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The role of scalp pH 199

7. If spontaneous vaginal delivery is imminent or easy instrumental 
vaginal delivery is possible (see Fig. 8.15).

Follow ing these principles will help to avoid unnecessary FBS, 
operative deliveries and fetal m orbidity from undue delay in 
delivery.

ALTERNATIVES TO FETAL BLOOD SAMPLING

In practice FBS may not be performed because the facilities or 
the expertise are not available, or because it is technically difficult. 
Alternative indirect methods are useful in this situation. A retrospec­
tive observation and correlation of the scalp blood pH to the 
presence or absence of accelerations at the time of FBS (Fig. 12.6) led 
to the scalp stimulation test.124 W hen the scalp was stimulated by
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200  FETAL MONITORING IN PRACTICE

Figure 12.6 Acceleration at FBS, normal pH

Table 12.1 Results of scalp stimulation tests 
blood pH values124"126

in relation to scalp

Fetal scalp blood pH values

Response to <7.20 7.20-7.25 >7.25 Total
scalp stimulation (n = 82) (n =  156) (n =  462) (n =  700)

POSITIVE RESPONSE 1 (0.4%) 33 (12.7%) 226 (86.9%) 260
NEGATIVE RESPONSE 40 (44.4%) 45 (50.0%) 5 (5.6%) 90
TOTAL 41 (11.7%) 78 (22.3%) 231 (66%) 350

pinching with a tissue forceps, if an acceleration was present it was 
unlikely that the scalp blood pH was below 7.20.125,Ub On the other 
hand, if there were no accelerations to such a stimulus only about 
50% had acidotic pH values (<7.20), whereas a significant proportion 
had pre-acidotic values (7.20-7.25) and others had normal values 
(Table 12.1).

Therefore this test was useful in identifying those who are not at 
risk, although it was not good in predicting those who are likely to 
be acidotic. In centres where facilities do not exist for scalp FBS, such 
a test would be a useful adjunct in reducing the number of unneces­
sary caesarean sections for 'fetal distress', and in centres where
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facilities are available for FBS, it will reduce the number of samples 
taken. Where there is a failure to obtain a sample during the FBS 
procedure, observation of an acceleration is very reassuring and the 
procedure can be discontinued.

In the study described above, the case that recorded a positive 
response with an acidotic pH (see Table 12.1) showed respiratory 
acidosis, which is due to accumulation of C 0 2, is not harmful to the 
fetus and is known to reverse itself once the FHR returns to normal. 
Careful observation of the characteristics of the FHR resulted in a 
fetus born with good Apgar scores.

An alternative to the scalp stimulation test is a fetal acoustic stimula­
tion test (FAST) in labour (Fig. 12.7).127 There were a number of reports 
from the USA showing the fetus responding with FHR acceleration 
to FAST if it was not acidotic. Although the majority of fetuses with 
non-acidotic pH responded with accelerations, when they failed to 
respond only about 50% had acidotic pH values, which was similar 
to the results of the scalp stimulation test. It is difficult to explain why 
the fetal response of accelerations should be associated with arbitrary 
cut-off points of scalp blood pH values; however, it is known that 
auditory sensation is one of the first to be affected by hypoxia and 
negative response to acoustic stimulation might warn of the possibil­
ity of hypoxia. Fetal acoustic stimulation is a new modality used to 
test fetal wellbeing and concern has been raised about safety aspects. 
Studies performed on its safety have shown that there is no evidence 
of catecholamine release with the stimulus,128 no hearing loss129 and

Figure 12.7 Accelerative response to vibro-acoustic stimulus
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no long-term disturbance to the fetal behavioural state studied by 
FHR variability cycles.130 With these alternative methods available 
there is a tendency for physicians to perform FBS less frequently, and 
even a willingness to replace this test by FAST or scalp stimulation 
tests.131 Care should be exercised if relying on such stimulation tests 
alone, because 50% of fetuses who do not show a reaction to the 
FAST or scalp stimulation have non-acidotic pH values; and some 
fetuses show a positive response even with acidotic pH values due 
to respiratory acidosis (Fig. 12.8).132,133

The Royal College of Obstetricians and Gynaecologists Study 
Group and NICE have recommended that fetal scalp blood sampling 
facilities should be available in any hospital where electronic fetal 
monitoring is performed.134 However, clinicians who understand the 
clinical situation and the FHR pattern may make a decision without 
resorting to FBS and without an increase in caesarean section rate for 
fetal distress.131 In many situations it may be wiser to proceed to 
delivery without wasting precious time. It has been shown that if the 
decision-to-delivery interval in situations of fetal distress is 35 min as 
opposed to 15 min the admission rate to the neonatal intensive care 
unit is doubled.135 FBS is not always possible because facilities may 
not be available or it may be difficult to perform due to an undilated 
cervix or high head.136,137 In these situations, decisions based on the 
CTG and the clinical situation remain critical.

Scalp Blood pH Cord Arterial Blood pH

7.40

7.30

7.20

7.10

7.00

Ho Response Reactive Response No Response Reactive Response

Figure 12.8 Correlation of pH to vibro-acoustic response
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POINTS TO PONDER _______ _____ _______

Although pH is a useful adjunct, the following points should be
considered in clinical decision making:133

• Accelerations and normal baseline variability are hallmarks of 
fetal health.

• Accelerations without baseline variability should be considered 
suspicious.

• Periods of decreased baseline variability without decelerations 
may represent quiet fetal sleep.

• Hypoxic fetuses may have a normal baseline FHR of 110-160 bpm 
with no accelerations and baseline variability <5 bpm for >40 mins 
(in the absence of adverse clinical parameters, observation for 
>90 mins may be needed to recognize the abnormality).

• In the presence of baseline variability of <5 bpm, even shallow 
decelerations of <15 bpm are ominous in a non-reactive trace.

• Abruption, cord prolapse and scar rupture can cause acute hypoxia 
and should be suspected clinically (may give rise to prolonged 
decelerations /bradycardia).

• Fetal hypoxia and acidosis may develop faster with an abnormal 
trace when there is scanty, thick meconium, IUGR, intrauterine 
infection with pyrexia and/or pre- or post-term labour.

• In preterm fetuses (especially <34 weeks), hypoxia and acidosis 
can increase the likelihood of respiratory distress syndrome and 
may contribute to intraventricular haemorrhage, warranting early 
intervention in the presence of an abnormal trace.

• Hypoxia can be made worse by injudicious use of oxytocin, epi­
dural analgesia and difficult operative deliveries.

• During labour, if decelerations are absent, asphyxia is unlikely 
although it cannot be completely excluded.

• Abnormal patterns may represent the effects of drugs, fetal 
anomaly, fetal injury or infection -  not only hypoxia.

The role of scalp pH 203
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Chapter 1 3

Alternative methods of 
intrapartum fetal surveillance

Despite the limited contribution of birth asphyxia to cerebral palsy 
and doubts cast on the benefits of intrapartum electronic fetal moni­
toring, research is in progress to find better methods of monitoring 
to avoid the tragedies which can occur due to birth asphyxia. Every 
now and then such tragedies are highlighted by litigation and the 
large awards of damages. There is little doubt that the practice 
of intrapartum fetal monitoring is likely to stay, but whether it 
will be in the form of electronic fetal heart rate (FHR) monitoring 
or by other means, or a by a combination, is difficult to predict. 
This chapter reviews why there is a search for newer methods, 
some of the newer methods available and what may happen in 
the future.

WHY IS THERE A SEARCH FOR NEW METHODS?

There are problems in correlating FHR changes with fetal acidosis. 
W hen all four features of the cardiotocograph (CTG) trace are 
normal, the chances of fetal acidosis are small. When all the features 
are abnormal just over 50% are noted to be acidotic.113 Depending 
on the physiological reserve of each fetus, one may respond differ­
ently from another to the hypoxic insult. It has been observed that 
for 50% of appropriately grown term fetuses with clear amniotic 
fluid to get acidotic, it takes 115 min with repetitive late decelera­
tions, 145 min with repetitive variable decelerations and 185 min 
with a 'flat trace' (i.e. with reduced baseline variability).15 This 
implies that some appropriately grown term fetuses may become 
acidotic in a shorter period. This duration may be even shorter when 
there is reduced physiological reserve, i.e. in cases with infection, 
bleeding, post-term, growth-restriction and in those with scanty, 
thick, meconium-stained fluid. Therefore, it becomes necessary to
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determine the fetal condition when there are abnormal FHR changes 
by fetal scalp blood sampling (FBS). This will help to identify those 
in need of delivery and to avoid unnecessary operative intervention. 
However, the facilities and expertise are not available to perform 
FBS in many centres,136137 and its value is questioned by som e.131 It 
is also known that FBS is done when it is not warranted and is not 
done when it is needed.138 In addition, the intermittent nature of the 
readings also makes it difficult to identify the optimal time to inter­
vene without compromising the fetus, without increasing operative 
interventions. These issues have prompted research into newer 
methods of fetal surveillance in labour which are used as adjuncts 
to CTG in some centres.

FETAL ELECTROCARDIOGRAPH WAVEFORM ANALYSIS

The concept of electrocardiograph (ECG) waveform analysis relies 
on changes in the ST segment of the fetal ECG. They are related to 
metabolic events in the fetal myocardium during hypoxia. The 
changes in time constants, like the PR or RR intervals (FHR), were 
tried to identify cases of acidosis but the methodology has not 
advanced for it to be used in clinical practice. On the basis of experi­
mental data, together with developments in bioengineering, advances 
have been made in the computerized analysis of ST waveform in the 
last few years. The STAN-ST analyser (Neoventa, Gotenborg, 
Sweden) is a CTG machine which gives a CTG trace, and when the 
CTG is obtained using a scalp electrode in labour it analyses the ST 
waveform.

Experimental data have suggested that the appearance of high- 
peaked T waves together with an elevation of the ST segment signi­
fies an imbalance of the myocardial energy situation with anaerobic 
metabolism and myocardial glycogenolysis. This important defence 
mechanism is known to operate with an increase in circulating cat­
echolamine ((3-adrenoceptor stimulation):139 this brings about a shift 
in K+ which increases the T-wave amplitude (T/QRS ratio) (Fig. 
13.1A and B). The detection of ST changes are computerized and the 
STAN equipment highlights any significant changes in the ST 
segment. The ST events detected may be a baseline rise of the T/QRS 
ratio, an episodic rise of the T/QRS ratio or a biphasic ST  segment. 
Each fetus has a steady level of T/QRS ratio in early labour that 
could be identified from the initial recording. The rise in the T /QRS 
ratio is calculated in reference to the lowest T/QRS ratio calculated 
over a period of 20 min in the previous 3 h period. This means that 
the equipment needs to be used for 20 min to calculate the baseline 
T/QRS ratio prior to major changes in heart rate or the ECG. In the 
immediate 20 min after start up, and when there are poor discon­
tinuous signals, manual data analysis is required. A preterminal trace
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207Alternative methods of intrapartum fetal surveillance

Contraction The heart prepares Heart rate

the heart chambers during hypoxia

A

Figure 13.1 (A) Measurement of T/QRS ratio; (B) ST elevation and rise in 
the T wave
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208 FETAL MONITORING IN PRACTICE

that shows total lack of baseline variability and reactivity, with or 
without decelerations, and a prolonged deceleration warrant imme­
diate delivery.

A steadily increasing T/QRS rise is termed a baseline rise, and if 
the ratio increases significantly and comes down within a brief period 
of a few minutes it is termed an episodic rise. The biphasic event refers 
to alteration of the ST segment where there is an initial rise and then 
a fall (Fig. 13.2). If the ST change is above the isoelectric line, it is 
termed biphasic 1; if it cuts the isoelectric line it is called biphasic 2; 
and if it is below the isoelectric line it is called biphasic 3. Biphasic 2 
and 3 are considered significant and are related to the electrical flow 
from endocardium to epicardium. Hence these changes may present 
themselves in the following situations: when the myocardium is thin 
(e.g. preterm fetuses), there is myocardial disease, infection and 
hypoxia.140

The FHR pattern, the ECG complex with T/QRS analysis, and 
uterine contractions are recorded online on the same trace as shown 
in Figure 13.3.

The changes in the T/QRS ratio are highlighted as STAN events 
on the CTG trace if they are significant, and are recorded on a log 
event on the screen. The early studies in the 1980s showed promising 
results,141142 but inconsistent results from other studies143 highlighted

ST waveforms

Caused by an inability of the myocardium 
to respond:

- ►  Prematurity

- ►  Infections

- ►  Increase in overall demand 
(mat fever)

*► Myocardial dystrophy

- ►  Chronic hypoxia

- ►  Initial phase of acute hypoxia

Figure 13.2 The different grades of biphasic events
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Alternative methods of intrapartum fetal surveillance 209

Figure 13.3 Recording of the FHR, contractions and computerized ECG 
waveform analysis of T/QRS plotted on the lower channel of the trace

the need for computerization of ECG analysis and to take a rise in 
T/QRS from its own baseline levels instead of considering fixed 
values applicable to all fetuses. Two randomized studies, consisting 
of nearly 4500 subjects, based on an algorithm using the combined 
analysis of CTG and ECG waveform analysis (Table 13.1) have shown 
a reduction in the caesarean section rate and the incidence of meta­
bolic acidosis when the ECG waveform analysis was used in conjunc­
tion with CTG, compared with CTG alone (Table 13.2).144145

The ECG waveform analysis is used with the CTG, as STAN or ST 
events can present due to mechanical stresses to the fetus. In addition 
to the above decision algorithm, the following guidelines apply for 
using the STAN technology.

This technology is applicable to pregnancies that are 36 weeks 
complete or more. Significant ST events, when judged along with the 
CTG, indicate the need for intervention. This could be delivery of the 
fetus or alleviation of a cause of abnormal FHR changes such as oxy­
tocin overstimulation or maternal hypotension. If the ST event takes 
place in the active second stage of labour, immediate delivery is rec­
ommended. If the CTG is suspicious or abnormal in the second stage 
and if the ST analyser was started when the CTG was normal, or 
immediately after the trace became suspicious in the first stage of 
labour, then one could wait for 90 min before intervention.
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210  FETAL MONITORING IN PRACTICE

Table 13.1 Decision-making algorithm using computerized analysis of 
ECG waveform with visual interpretation of the CTG

ST
analysis Intermediary CTG Abnormal CTG

Preterminal
CTG

Episodic T/QRS >0.15 >0.10 Immediate
rise
Baseline T/QRS >0.10 >0.05 Delivery
rise
Biphasic ST Continuous >5 min Continuous >2 min

or >2 episodes of or >1 episode of
coupled biphasic coupled biphasic 2
2 or biphasic 3 or biphasic 3

Table 13.2 The results of the Plymouth and Swedish randomized 
studies that show reduction in operative delivery rates for fetal 
distress and the incidence of metabolic acidosis at delivery144,146

Plymouth RCT144 Swedish RCT'45

Operative delivery for fetal distress
Control arm 9.10/0 9.3%
STAN arm 5.0% 7.70/o
Metabolic acidosis
Control arm 1.40% 1.440/o
STAN arm 0.55% 0.570/o

When a STAN event is flagged up by the STAN equipment, one 
has to note the type of STAN event and the magnitude of change in 
that event, e.g. a baseline T/QRS rise of 0.06 or episodic T/QRS rise 
of 0.09. Having noted this, one has to interpret the CTG as abnormal 
or suspicious to decide on the action to be taken. If the CTG is patho­
logical then action is warranted with a baseline rise of 0.06 or an epi­
sodic rise >0.10. The CTG classification used in the Swedish study145 
is slightly different from the NICE guidelines.13

A baseline rate of 110-150 bpm was considered normal, early and 
simple variable decelerations <60 beats and <60 s were considered 
normal, and variable decelerations <60 s but with beat loss >60 beats 
were considered suspicious in the Swedish study.145

The case shown in Figures 13.4-13.6 illustrates the use of the STAN 
technology. A primigravid needed augmentation for poor progress
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Alternative methods of intrapartum fetal surveillance 211

Figure 13.4 Cardiotoeograph showing variable decelerations in early labour 
-  related to hyperstimulation with oxytocin used for augmentation of 
labour

Figure 13.5 Oxytocin infusion was stopped. The cardiotocograph returned 
to normal and was reactive with no decelerations, but the contractions 
became less frequent. The ST analyser was connected and oxytocin infusion 
restarted
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212 FETAL MONITORING IN PRACTICE

03-11 PM Baseline T/Q R S  rise 0.09
03.18 PM Poor signal quality (active)

Figure 13.6 There was a gradual rise in the baseline rate following 
decelerations, followed by reduction in baseline variability. No fetal blood 
sampling was done as there were no ST events. At 15.11 h there was an ST 
event of baseline rise indicating the need for delivery. A spontaneous 
delivery was imminent and the woman delivered spontaneously at 15.24 h. 
The baby had good Apgar scores and no evidence of metabolic acidosis

of labour. Variable decelerations are seen with oxytocin hyperstimu­
lation. When oxytocin was stopped or reduced the contractions 
became less frequent, lasting for a shorter duration and no progress 
was being made. The ST analyser was used for continuous additional 
information. Even if the fetus showed FHR decelerations and an 
increase in baseline rate, the absence of STAN events (significant ECG 
changes) would give reassurance to continue with the oxytocin infu­
sion with the aim of achieving a normal vaginal delivery.

SYSTOLIC TIME INTERVALS OF THE FETAL 
CARDIAC CYCLE

Laboratory and clinical studies have suggested that the systolic time 
intervals (STIs) of the cardiac cycle may be sensitive indicators of 
cardiac function and fetal compromise. The main STIs are the pre­
ejection period (PEP) from the onset of ventricular depolarization to 
the opening of the aortic valve, and the ventricular ejection time 
(VET) from the aortic opening to aortic closure. The PEP is an indica­
tor of myocardial contractility and the VET mainly reflects peripheral 
resistance.

The QRS complex of the fetal heart, derived in labour by scalp 
electrode, provides an easily obtainable and identifiable signal of 
ventricular polarization. The precise and consistent identification of
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Alternative methods of intrapartum fetal surveillance 2 13

aortic valvular events is difficult. The most satisfactory available 
technique relies on Doppler ultrasound for the detection of cardiac 
motion. The detection of individual valvular events is effected by a 
series of time and amplitude gates. The signals that pass through 
these gates are regenerated to provide precise indications of the 
timing of mitral valve closure, aortic valve opening and closure, and 
mitral valve opening. Similar signals are derived from the fetal elec­
trocardiogram. From these signals, the intervals can be determined 
electronically. The digital measurements of time can then be con­
verted to analogue form for recording alongside uterine activity and 
FHR on a strip chart recorder. In pregnancy, STIs are affected by 
many factors besides myocardial compromise, including heart rate, 
gestational age, birth weight, cardiac preload and afterload, hypoxia 
and acidosis. *46 From animal and human adult studies it is known 
that STIs can also be affected by peripheral resistance, inotropic 
drugs, valvular disease and cardiac arrhythmias.147 Fetal STIs have 
been studied for changes associated with FHR patterns during labour. 
Periodic accelerations are associated with prolongation of PEP and 
shortening of VET. Early decelerations are associated with a mild 
prolongation of periodic PEP,148 and a slight prolongation of VET, 
inversely proportional to the FHR .149 Variable decelerations are asso­
ciated with prolonged periodic PEP values. Changes in VET are vari­
able and prolonged VETs were seen with severe decelerations because 
of the inverse relationship with FHR. The relationship between STI 
changes and late decelerations is not clear and is probably dependent 
on whether fetal hypoxia is acute or chronic, and the presence of 
acidosis. It is likely that shortening of baseline PEP occurs with late 
decelerations in early stages, while prolongation of PEP, reflecting 
myocardial depression, occurs with severe (hypoxic) late decelera­
tions and acidosis. During labour, STIs may prove to be of value in 
elucidating equivocal FHR patterns, and in detecting fetal hypoxia 
and acidosis. A shortening of the baseline PEP between contractions 
may reflect the onset and progression of hypoxia. However, technical 
improvements are required together with further clinical studies 
comparing STI measurements with current monitoring techniques to 
define the sensitivity and specificity.

PULSE OXIMETRY

Modern monitoring of anaesthetic and neonatal patients includes 
pulse oximetry. Pulse oximeters are cheap and non-invasive, and
monitor both heart rate and arterial oxygen saturation (S a 0 2). The 
accuracy of the method has been established and, unlike partial pres­
sure of oxygen (P a 0 2) monitors, pulse oximeters respond rapidly to 
changes in the oxygen content in the blood.
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2 1 4  FETAL MONITORING IN PRACTICE

There are specific advantages of recording S a 0 2 instead of P a 0 2. 
The oxygen pressure electrode requires frequent calibration, and 
necessitates shaving hair and firm fixation techniques. The relation 
of oxygen saturation and partial pressure is defined by the oxygen 
dissociation curve, and a small change in P a 0 2 is represented by a 
large change in S a 0 2; large changes are easier to detect and are less 
affected by technical errors. An increase in hydrogen ion concentra­
tion or 2,3-diphosphoglycerate shifts the oxygen dissociation curve 
to the right: a baby who is acutely or chronically hypoxaemic and/or 
acidaemic may have a normal P a 0 2 but its oxygen saturation will be 
low. However, obvious disadvantages exist with the use of pulse 
oximetry in labour: the cervix must be open enough to insert the 
probe. There are oximetry probes and equipment available to measure 
oxygen saturation with intact membranes. Several studies of the use 
of pulse oximetry in labour have been conducted.150-154 Most pub­
lished studies are with sensors that are in contact with the fetal cheek. 
The new sensors that are incorporated with a scalp electrode show 
promise, but studies from different centres are needed to test the 
efficacy of these electrodes in producing continuous signals. Oxygen 
saturation readings have been shown not to be affected in fetuses 
with meconium staining of the amniotic fluid.

The deoxygenated blood in the inferior vena cava of the fetus 
mixes with oxygenated blood from the umbilical vein and, hence, 
scalp oximetry readings are less than the values found in the umbili­
cal vein. The readings tend to range from 30-80%  and, in the same 
fetus, the values can fluctuate widely at different dilatations without 
hypoxia or acidosis.152 The details of the basic principles, technology 
and clinical issues of pulse oximetry are discussed elsewhere.155,156

One particular sensor (Nellcor®), which is wedged between the 
cheek and the uterus, has been used for most studies, and successful 
readings have been obtained in 65-85%  of cases in labour.152157 Pulse 
oximetry has also been used in conjunction with CTG. The saturation 
level of concern has been defined as <30% based on animal and 
human data. Acidosis tends to set in only if the value is <30% for a 
period of more than 10 min.158

The first randomized study, using the algorithm shown in Table 
13.3, consisted of 1010 women. It showed a reduction in operative 
delivery for fetal distress but there was no reduction in the overall 
caesarean section rate.152 This trial established that an oxygen satura­
tion of >30% was associated with a fetus without metabolic acidosis. 
A new sensor, with a scalp electrode, has been developed and it is 
expected to increase the percentage of continuous recordings in 
labour. However a recent large randomized study of 5341 nulliparous 
women did not show any difference in caesarean section rate or of 
the neonatal condition between groups.159 Of greater interest in this 
study was that 34.6% of cases with non-reassuring traces and 25.1%
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Alternative methods of intrapartum fetal surveillance 215

Table 13.3 Algorithm for using cardiotocography (CTG) and peripheral 
saturation of oxygen (Sp02) in labour

CTG Fetal Sp02 Action Comments

Normal — Continue labour No need for Sp02
Severe - Deliver for fetal Do not wait for Sp02

bradycardia distress
Non­ >30% Continue labour Fetus is adequately
reassuring oxygenated 

Consider corrective 
measures

Non­ <30% Observe for Apply corrective measures
reassuring 10 min Change maternal position 

Correct hypotension 
Reduce oxytocic drugs 
Consider tocolytics/02

Non­ <30% for Apply corrective May use fetal scalp pH
reassuring 10 min measures 

If no improvement 
deliver

to confirm fetal status

of cases with normal reassuring traces had low oxygen saturation, 
defined as an oxygen saturation <30% for longer than 2 min. The lack 
of benefit, of not reducing the caesarean section rate, without any 
improvement in the neonatal outcome, based on two randomized 
studies casts doubt about the efficacy and use of pulse oximetry in 
labour.

DOPPLER ULTRASOUND

The benefit of Doppler umbilical artery blood flow recording as a tool 
for antenatal assessment of fetal wellbeing in high risk pregnancies 
has been documented in several studies.160161 A semiquantative blood 
flow class system, describing blood velocity waveform with empha­
sis on the end-diastolic part, was the most powerful marker of immi­
nent fetal asphyxia and of intrauterine growth restriction. In 
experimental asphyxia in fetal lambs, aortic mean blood flow veloci­
ties were reduced. Aortic blood flow waveforms showed low end- 
diastolic flow velocities and/or increased pulsatility indices (PI).162 In 
the common carotid artery of the fetuses, the PI tended to decrease 
during asphyxia and the umbilical artery PI remained unchanged. 
The changes in the fetal aortic velocity waveforms indicate an adapta­
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2 1 6  FETAL MONITORING IN PRACTICE

tion of the peripheral circulation to asphyxia. The waveform changes 
seem to be a late phenomenon in the process of asphyxia.

Doppler ultrasound of the umbilical artery flow velocity wave­
form was studied prospectively as an admission test at the labour 
ward in 575 women in various stages of labour before, during and 
after uterine contractions, and evaluated in relation to intrapartum 
and fetal outcome variables.62 Fetuses who are small for gestational 
age had significantly more abnormal blood flow velocity waveforms 
than did fetuses who were appropriate for gestational age, and more 
patients with umbilical artery acidemia had abnormal blood flow 
velocity waveforms compared with those with normal pH. However, 
no association was found between abnormal flow velocity wave­
forms and cord complications, meconium-stained amniotic fluid or 
abnormal FHR tracing; nor was there any association with operative 
delivery for fetal distress or low Apgar scores at 1 min and 5 min. 
Doppler recording of the umbilical artery flow velocity waveform as 
an admission test at the labour ward was not a good predictor of fetal 
distress.

A patient with a small-for-gestational-age fetus at 36 weeks had a 
non-stress test (NST) that showed a non-reactive trace. However, the 
umbilical artery Doppler velocity waveform showed normal blood 
flow (Fig. 13.7). Because of the clinical picture (fundosymphysis 
height of 30 cm at 36 weeks and clinically reduced amniotic fluid) 
and a non-reactive NST, labour was induced. The cervix was 1 cm 
long and 1 cm dilated. On rupture of the membranes there was scanty 
but clear amniotic fluid. With 2.5 mU/min of oxytocin, contractions 
of 1 in 2-3  min occurred and with each contraction there were vari­
able to late decelerations (Fig. 13.8). The baby was delivered by cae­
sarean section, weighed 1.8 kg and had an Apgar score of 9 at both 
1 and 5 min and a cord arterial pH of 7.28. Although the baby was 
in good condition, with the given clinical picture and the FHR tracing 
it would have been unwise to continue labour, although the Doppler 
velocity waveform was reassuring.

Doppler blood flow measurements in labour appear to be useful 
in evaluating the effects of drugs on uterine and fetal blood flow, but 
have little to contribute to routine intrapartum fetal monitoring. 
Sophisticated equipment, as well as trained personnel, are needed to 
perform good measurements, making this method difficult to imple­
ment in a continuous form or even as an intermittent method in 
labour.

CONTINUOUS pH MEASUREMENTS

Much effort has been expended over many years to develop a con­
tinuous pH electrode and to perform continuous pH measurements 
in labour. This has been fraught with technical difficulties. The elec­
trodes tend to be large, difficult to apply and fragile. Furthermore,
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Figure 13.7 Doppler blood flow velocity waveform in the umbilical artery 
of a growth-restricted fetus at term

Figure 13.8 Trace of growth-restricted fetus with normal Doppler results 
showing variable and late decelerations with commencement of oxytocin 
for induction of labour
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there appears to be a drift in the value when the electrode is in place 
over a long period of time. Caput formation and venous stasis can 
affect the readings. It is not uncommon to find occasional low pH of 
a respiratory type in a healthy baby during labour which tends to 
recover on its own with passage of time. In studies dealing with pH 
in labour the mean pH is calculated from a large number of fetuses. 
The mean acid-base values from 130 cases of low-risk labour are 
given in Table 13.4.163

In this series there were individual cases with low pH values 
(Table 13.5), but since the FHR recordings were satisfactory labour 
was allowed to progress and the babies were delivered vaginally. At 
delivery the Apgar scores were good and the cord pH values were 
not acidotic, indicating that transient changes in pH are not an

Table 13.4 Acid-base values in scalp and cord blood (mean value)

Cervical dilatation 

5 cm 10 cm Cord arterial blood

pH 7.332 7.335 7.292
PC02 66.85 66.87 50.56
P02 25.00 24.06 21.05
h c o 3 24.15 23.93 23.08

HC03l bicarbonate; PC02, partial pressure of carbon dioxide; P02, partial pressure of 
oxygen

Table 13.5 Distribution of pH values in scalp and cord blood

pH

Cervical dilatation
Cord arterial 
blood5 cm 10 cm

n o/o n o/o n %

<7.10 — — — — 2 1.7
<7.15 1 0.8 2 1.7 4 3.4
<7.20 2 1.7 3 2.5 9 7.5
<7.25 7 5.8 7 5.8 31 25.8
<7.30 31 25.8 28 23.7 61 50.8
>7.30 89 74.8 90 76.3 59 49.2
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IRBHMfl

uncommon finding in any labour: these changes are mostly of a 
respiratory type and will correct themselves with time.

From a large series in the UK120 it was reported that 73% of infants 
with cord arterial pH below 7.10 had a 1-min Apgar score of over 7, 
and 86% had a 5-min Apgar score over 7. Low arterial pH is usually 
due to accumulation of carbon dioxide and its influence on pH. 
Respiratory acidosis is poorly correlated with fetal or neonatal condi­
tion. Clearly, it would be difficult to manage patients on continuous 
pH measurements alone, and additional information on the blood 
gases is required. Information from the FHR pattern along with con­
tinuous pH measurements is unlikely to improve the present stan­
dards of intrapartum fetal surveillance, unless base excess values are 
known in order to define whether it is respiratory or metabolic aci­
dosis, as there is a significant drop and quick recovery of pH due to 
respiratory acidosis.

LACTATE ________ ____

Measurement of lactate needed large volumes of blood in the past. 
With advances in technology and sports medicine, measurement of 
lactate using 5 pi of blood has become a reality. Lactate is produced 
within the cell when there is lack of oxygen and there is anaerobic 
metabolism. This takes a long time to develop and takes much longer 
to eliminate as it has to be cleared through the placenta.164 Since this 
is a true marker of metabolic acidosis, trials are in progress to estab­
lish this method in intrapartum surveillance.

There are different types of equipment available for measuring 
lactate and the normal ranges of scalp and cord blood lactate vary 
slightly with each machine.165 The one with which a lot of work has 
been done is the 'Lactate Pro' equipment and a level of >4.8 mmol/L 
is considered abnormal with this equipment.166 Compared with 35 p,l 
needed for pH and base excess measurement, these machines require 
only 5 n i  Trials have shown that blood collection for lactate is more 
successful, needs less scalp incisions and is much quicker to get the 
result by the bedside.167

Studies conducted in Sweden correlated cord arterial lactate mea­
surements to immediate and long-term outcome of neonates (two- 
year follow up) and have shown it to be a reliable surrogate marker 
of neonatal outcome.168 One randomized controlled trial compared 
scalp blood pH versus lactate, which showed less failure rates and 
less babies with severe metabolic acidosis in the lactate group.167 
Further large randomized studies in other centres are needed to 
establish whether the same results can be reproduced. The results of 
such studies are not forthcoming and may be an indication of the 
reluctance of the caregivers and the mothers to accept an invasive 
procedure of fetal scalp blood sampling.
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2 2 0  FETA L M ONITORING IN PRA CTICE

STIMULATION TESTS

Fetal acoustic and scalp stimulation tests have been used as adjunc­
tive forms of testing with the CTG in intrapartum surveillance. This 
has been discussed in detail in Chapter 12.

Any new method of fetal surveillance generates great enthusiasm 
when first applied. Caution must be exercised before wider clinical 
implementation. It should be recognized that new methods may 
involve greater invasion and inconvenience for the woman and 
should not be used unless the person is trained adequately and has 
a good knowledge of the technology.
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Chapter 1 4

Computer technology and the 
cardiotocograph

Computers have become a central part of modern life. In pregnancy 
care their value lies in display, transmission, storage and, to a lesser 
extent, analysis of data. They have a clear educational role, poten­
tially using the limitless possibilities of internet technology.

Sophisticated viewing systems allow the display of data at a 
central delivery suite location. This allows overviewing of all moni­
tors in the unit and selective display of further information on any 
particular monitor. The advantage of this is that it allows further 
opinion or concern to be voiced about any particular trace by a 
supervisor or another third party. In analysis of mistakes made in 
cardiotocograph (CTG) interpretation, human error of one person 
involved has been recognized. One person on the day may have 
personal stresses, be feeling below par or have other reason to 
perform suboptimally. Support is important. The disadvantage of 
this central system is that it may cause managers to downgrade the 
priority for one-to-one care. The place of the midwife is beside the 
bed: the central monitor should not remove the need for the bedside 
midwife. The midwife has so many other important roles apart from 
watching the monitor.

These displays incorporate alert and alarm signals which can be 
set at particular levels locally. However, experience shows that the 
variety of intrapartum fetal heart rate (FHR) patterns seen and clini­
cal scenarios experienced do not facilitate the use of such a frame­
work. It is common for midwives and doctors to use such devices 
initially but later to turn them off or, worse, ignore them. Remember 
the mother and her partner are watching what is happening. More 
and more they are asking about the CTG and what it is showing. 
Ignoring apparent alerts does not inspire confidence.

Failure to document events in labour is common. It is important 
to document the date and time of each event in labour and the inter­
relationship of the FHR pattern to vaginal examination findings, 
administration of drugs and other episodes. To facilitate this, the
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FETA L M ONITORING IN PRA CTICE

manufacturers of fetal monitors have produced equipment that self- 
annotates the FHR trace with the date, time and mode of recording 
(e.g. ultrasound, fetal electrocardiograph, external or internal toco- 
graph). A keypad or a bar-coded entry system can be attached to the 
fetal monitor to enable additional findings such as results of a vaginal 
examination, colour of amniotic fluid, etc. to be entered on the trace. 
The blood pressure and oxygen saturation can be entered automati­
cally from the blood pressure monitor. Not only are the entered data 
printed on the trace but they are registered in the mother's obstetric 
notes which are maintained in the computer (with date and time of 
entry). This can be reviewed from time to time, updated or printed 
to obtain a hard copy. Based on the cervical examination findings 
entered by the bedside via the keypad of the fetal monitor, a parto- 
gram may be automatically drawn on the computer screen. These 
obstetric management systems not only keep the most wanted records 
but will also form a reserve for future research and to generate sta­
tistics. Most systems can keep up to 8 h of labour record notes and 
the FHR tracings of 4000 subjects in a small optical disc which can be 
kept for many years. Tampering with the records on a subsequent 
occasion is impossible. Though a costly investment, in the long run 
it will pay for itself even if it helps to solve only one medico-legal 
case in which the records have been lost using traditional methods 
of record keeping.

The distant transmission of a CTG over a telephone system may 
be appropriate in some areas where distances are great, and can be 
a way to obtain a second opinion. This can also be achieved by a fax 
transmission of the CTG. This should not be used as a reason to do 
more CTGs on normal pregnancies: it may however provide a rapid 
channel to a second opinion of a more senior person. Using the Inter­
net to transmit this information will open up greater possibilities.

Computers offer limitless possibilities for storage, archiving and 
retrieval of data. Obstetric records are now generally computerized 
after years of development. Unfortunately midwives often find that 
time spent at the computer is just more paperwork and time spent 
away from the mother and her baby. This is another challenge. 
Although not yet commonly linked with the obstetric record, the 
electronic storage of the CTG is feasible. This is certainly done in the 
antenatal scenario with the use of devices like the Oxford Sonicaid 
System 8000. The most important reason to store and be able to 
retrieve the CTG effectively is the possibility of litigation in cases with 
an adverse outcome. A hard copy original CTG fades in a few years 
depending on the storage environment. After an adverse incident an 
immediate photocopy should be made of the continuous CTG. The 
photocopy does not fade!

Can computers assist in analysis and decision making? Data 
may be processed to provide indices of the FHR other than those
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previously discussed. The Oxford Sonicaid System 8000 performs 
this function on antenatal FHR recordings. It provides a screen 
display of the CTG and also stores every trace recorded on a hard 
drive. This information can be recalled at short notice and provides 
a valuable system for research studies. The analysis system pro­
grammed by Dawes and Redman assesses various features of the 
tracing, defining accelerations as a rise in baseline of 10 beats for 10 s 
and assessing baseline variability as mean range.169 Mean range of 
variation is considered the most important index: if it is greater than 
20 ms it is normal. The information produced is highlighted as 'advi­
sory only' and clinical decisions remain the responsibility of the clini­
cian. Such programmes may have some value educationally and for 
research purposes; however, there is a danger they may be seen as a 
short cut to interpreting the CTG without proper understanding. The 
further danger is that staff will lose their skills in intrapartum CTG 
interpretation w'hich cannot be subjected to the same computerized 
analysis. A comparison was made between the value, given as a score 
between 1 and 100, by an experienced observer for a series of ante­
natal CTGs and the Dawes Redman score. There was a high degree 
of agreement and a very strong correlation.170

Attempts have been made to devise a computer system to aid the 
interpretation of intrapartum CTGs. The problem has been the great 
variability in patterns of FHR depending on both physiological and 
pathological mechanisms. In addition the CTG cannot be separated 
from the clinical scenario. A multicentre study was performed com­
paring the opinion of 17 experts with the analysis of an intelligent 
computer system for managing labour using the CTG.1' ‘ The system's 
performance was found to be indistinguishable from the experts' in 
the 50 cases examined, but it was more consistent. This demonstrates 
the potential for an intelligent computer system to improve the inter­
pretation of the CTG and decrease intervention. Furthermore, the 
good performance of most experts in this study demonstrates the 
potential effectiveness of the CTG and raises important questions 
regarding why the CTG has fallen short of expectations in current 
practice.

The best analysis computer is the one most freely available in all 
labour wards: the human brain. It must be continuously optimized 
by education and training. This, in turn, can be aided by computers.
More and more hospitals are implementing computerized training 
packages for staff. The use and proven completion of such a system 
can be linked to the continuing education certification of a midwife 
or doctor. More such packages and online education may become 
available in the future.
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Chapter 1 5

Medico-legal issues

225

5

In the late 1980s few hospitals had guidelines of practice for obstet­
rics and midwifery. Now they are almost universal. Only to a small 
degree has this been due to an increasing evidence base for practice. 
To a greater degree it has been because of a desire to promote a better 
quality of care and counter what has been a rising tide of litigation. 
Safe childbirth is seen in modern society as a right. This has become 
an expectation. W hen it goes wrong people ask why this should 
happen to them. If they do not get a satisfactory answer from the 
hospital they turn to the law. We should try to understand why 
families take legal action and the nature of this action. It most often 
relates to a damaged child. Although financial support is part of the 
objective, every family would rather have a healthy child. The legal 
process itself is long and tedious. The family would much rather 
devote the precious time to looking after the injured child. The fami­
lies often feel that they have not been given an explanation of what 
happened and communication has been poor. They also feel that 
what has happened to them should not happen to other people. We 
are sometimes asked if we practise defensive medicine. The answer 
is that good medicine is defensive medicine. If we practise according 
to guidelines with good communication and giving parents choices 
then this is the defence against litigation.

In the face of a huge tide of litigation, the National Health Service 
(NHS) turned its attention to this issue with the formation of the 
National Health Service Litigation Authority (NHSLA) as a special 
health authority in 1995. The NHSLA has four principal functions:

1. To ensure claims are dealt with consistently and with due regard 
to the proper interests of the NHS and its patients.

2. To manage the financial consequences of such claims.
3. To advise the Department of Health on both specific and general 

issues arising out of claims against the NHS.
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FETAL MONITORING IN PRACTICE

4. To manage and raise the standards of risk management through­
out the NHS.

In its current annual report the NHSLA state that despite widespread 
concerns about a 'compensation culture' in the UK, claims remain 
very steady with a 1.6% increase in clinical claims in 2005/2006.172 
These are overall claims. Obstetric claims remain the second largest 
group (after surgery) and the highest value. There is limited informa­
tion about trends in obstetric claims. Of the clinical claims made 
against the NHS in the 10 years of the existence of the NHSLA, 43% 
of claims were settled out of court, 38% were abandoned by the claim­
ant, 15% have yet to settle and 4% were settled in court. Fewer than 
50 negligence cases a year are settled in court. Of the 87 clinical neg­
ligence cases actually litigated in court in the last two financial years, 
26% were settled in court in favour of the claimant, 68% were settled 
in favour of the NHS and 6% settled mid trial.

The NHSLA take a very active role in risk management. The Clini­
cal Negligence Scheme for Trusts (CNST) run by the NHSLA sets 
standards, most recently stated in the 'Maternity Clinical Risk Man­
agement Standards'.173 These are endorsed both by the Royal College 
of Obstetricians and Gynaecologists and the Royal College of Mid­
wives. These standards cover staffing levels and competence, clinical 
standards, administrative standards and reporting. Education, refer­
ral relationships, training and labour ward cover, including certified 
attendance at cardiotocograph educational meetings, are included. 
Achievement of these standards at an inspection, at intervals of 1, 2 
and 3 years, is scored with a final attainment of a level 0, 1, 2 or 3. 
Trusts receive the financial incentive of a 10%, 20% or 30% reduction 
in their payments in future years into the scheme as a reward for 
higher level attainment. Currently 50% of trusts in England are at 
level 1, with 45% at level 2 and only about 5% at level 3 (the highest 
level). The bureaucracy of this consumes considerable time, money 
and effort which is sometimes diverted from clinical care.

When things go wrong there should be a local system of identifica­
tion and support. Critical incident reporting has now become well 
established. The advantage of this is that reports are written very 
soon after the event and are more valid. Of course, case notes should 
contain the relevant details written contemporaneously. Staff can feel 
oppressed by the burden of reviewing any incident, however small, 
and the member of staff responsible for risk management locally 
should provide advice about this. An open and frank atmosphere 
should be encouraged. The NHSLA encourages apologies and expla­
nations when things go wrong. This is crucial. Patients may be satis­
fied by a responsive and sympathetic complaints process. If they feel 
that they have not been listened to or have been treated unfairly then 
they may proceed to the litigation process.
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Medico-legal issues 2 27

There is a growing realism by hospital trusts that a move towards 
resolution sooner rather than later benefits everyone. This has also 
been recognized by the report to the Lord Chancellor by Lord Woolf 
(Lord Justice, Master of the Rolls) entitled Access to Justice.174 Families 
should not suffer the stress of waiting for up to 10 years while the 
case goes through the system. W oolf criticized the cost, delays and 
confrontational attitude of opposing lawyers.

The legal process involves the establishing of liability, causation 
and quantum. So far as damage to a child is concerned, the time lapse 
before the commencement of litigation is unlimited. The child's claim 
is made by the mother, father or another adult on behalf of the child. 
Legally this person is called the child's 'next friend'. If the claim 
relates to damage to the mother then a limitation of 3 years applies. 
The mother (and any other party present) makes a statement as to 
what she believes happened or did not happen related to the damage 
which she alleges. A solicitor then conducts the legal process. The 
Law Society has established a panel of solicitors' firms with the exper­
tise to undertake this work efficiently. Similarly the NHSLA has a 
panel of firms who have a similar expertise in the area allowing them 
to act effectively and efficiently for the defence. The clinical notes are 
requested from the hospital. These will be (have to be) exactly as 
compiled by the staff at the time. The importance of careful, legible 
note keeping is obvious. Regrettably, in many hospitals the standard 
is poor. Midwives in general keep very good notes. Junior doctors 
more often than not have illegible signatures and do not date and 
time their entry to the notes. At every interaction between a doctor 
and the mother an entry must be made. This should preferably be by 
the doctor involved.

A high standard of note keeping reflects a high standard of 
care.

When the records have been obtained from the hospital they are 
photocopied and the solicitor then instructs independent medical 
experts to consider the information. In the common instance of a 
handicapped child after childbirth, several experts require to be 
instructed. Midwifery, obstetric and neonatology experts may be 
required to consider liability. A report is prepared concerning the 
standard of care provided. This is currently measured according to 
the Bolam principle. Essentially this involves a view as to whether 
the practice adopted would be that adopted by a responsible body of 
medical opinion. This allows for the fact of the art as well as the 
science of medicine. There may be several ways of approaching the 
problem, but what has to be shown for a defence is that the approach 
adopted would be adopted by a significant number of other reason­
able people. As guidelines become more and more established these 
will be the local standards. They are generally consistent with wider 
national or international standards. The importance of orientation of
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new, and temporary, staff and their familiarity with the guidelines is 
obvious. This forms part of the CNST standards.

Paediatric neurology and imaging experts will be required for the 
determination of causation. This essentially considers whether the 
alleged result, the condition today, of the child can be considered on 
the balance of probability to be due to the alleged event for which 
the staff are liable. There are many natural factors that may result in 
damage to a child. The most frequent one is prematurity. In many 
cases this appears to have been unavoidable irrespective of the stan­
dard of care. In congenital abnormality associated with handicap, 
poor management of labour or misinterpretation of the cardiotoco- 
graph may have made little difference to the outcome. A case that is 
strong on liability may fail on causation. Other experts are occasion­
ally required when a related field of expertise is relevant (anaesthesia, 
for instance). Quantum is considered at a later stage to determine 
what facilities and support are required as a result of the injury and 
a full panoply of quantum experts may be required.

After the initial reports the instructing solicitor will call a case 
conference led by a barrister to consider whether the case merits 
further process. This has to be justified to the Legal Services Com­
mission who only authorize expenses warranted by the case as pre­
sented by the barrister. This conference may result in the barrister 
drafting a Letter of Claim. A proportion will be discontinued after 
expert opinion has recommended that there is no case to pursue. 
During this time the defendant hospital should have identified a pos­
sible claim and obtained statements and independent expert opinion 
of their own. A proportion will be settled by the defending hospital 
trust with a recognition that the case will be difficult to defend in 
court. Early resolution limits costs. Mediation or formal negotiations 
may be appropriate at any stage of the process. The defence solicitors 
will provide a Letter of Response to the Letter of Claim. This will 
cover the matters agreed and the matters not agreed with reasons. 
These letters will be further discussed by the claimants' legal advisors 
and a decision made about whether to issue formal legal proceedings 
with a claim form issued at court. Particulars of Claim will be formal­
ized based on the original Letter of Claim. The defence team will 
respond with a defence. At this stage there will be an exchange of 
witness statements followed by an exchange of expert witness evi­
dence. Since the Woolf reforms there is the additional opportunity 
for a meeting of experts to try to narrow the issues down. After that 
there is a round table meeting of the opposing legal teams to try to 
reach a final settlement and avoid court proceedings. It can be seen 
that every effort is made to avoid costly and emotionally traumatic 
court proceedings.

The above system applies only to England. In Scotland expert 
evidence is not exchanged prior to trial and there is less opportunity
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for resolution before appearing at court. There are also important 
differences in other countries. Since the W oolf reforms there have 
been important improvements in the system. An area that still requires 
reform is the system of expert witnesses. There is no question that 
such experts are required in the present system. They must be fair 
and unbiased. They should not act as an advocate for one side or the 
other: they are there to assist the court. They are obliged to sign a 
declaration and can be exposed to public reprimand by the judge if 
they do not fulfil their role properly. One problem is that experts are 
retained by one side or the other and, just as there are solicitors' firms 
that act for only one side or the other, so do they have contacts in 
experts who do the same. Experts have not been regulated, although 
there are at least two professional bodies to which they subscribe: 
The Expert Witness Institute and The Academy of Experts, There is 
an increasing structure of training and accreditation for experts. It is 
important that new experts enter this rewarding and interesting 
field.

People have to be incentivised in risk management. Too often the 
bureaucracy becomes unwieldy with ever more regulation. There are 
several national organisations interested in patient safety. The result 
is that there has now had to be a voluntary agreement to coordinate 
the various regulatory bodies: the concordat between bodies inspect­
ing, regulating and auditing health care.

Litigation can be reduced by good standards of care and good 
communication. Surely this is something to which we should aspire 
even without a legal threat.
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Chapter 1 6
Conclusion

After fifteen years, three editions of this book and uncountable teach­
ing sessions and seminars our philosophy is essentially unchanged.

There is little doubt that electronic fetal heart rate (FHR) monitor­
ing is likely to stay because of the uncertainties of the other methods 
due to technical difficulties and the limited correlation of the results 
obtained to the clinical outcome. Contraction monitoring is likely to 
be by external tocography in the majority of cases. Until a perfect 
method is developed to identify intrapartum hypoxia, we should 
learn to correlate the FHR pattern with the clinical picture in order 
to plan the management for each individual case. More time should 
be devoted to educate ourselves in FHR trace interpretation because 
our daily practice requires this. Failure to do so may lead to unneces­
sary caesarean sections or results in babies with birth asphyxia 
due to misinterpretation of the FHR trace. The benefits of intra­
partum fetal monitoring in the future depend on formal education 
in trace interpretation, which has been sadly lacking. This should 
be in parallel to research in pursuit of better methods of fetal 
surveillance.

Cardiotocography is useful if:

• adequate knowledge is available to interpret the trace
• its limitations are known
• it is used appropriately
• the clinical picture is incorporated
• additional tests are used when in doubt
• common sense prevails.

We must not let technology dehumanize us: we must humanize 
technology.
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STOP PRESS: further 
information about classification 
of fetal heart rate features

As the book went to press, NICE Clinical Guideline 55 was 
issued: see Table 4.1 on p. 43 for details. The following further 
information about classifying fetal heart rate traces is based on 
this Guideline:

• If repeated accelerations are present with reduced variability, the 
FHR trace should be regarded as reassuring.

• True early uniform decelerations are rare and benign, and there­
fore they are not significant.

• Most decelerations in labour are variable.
• If a bradycardia occurs in the baby for more than 3 min, urgent 

medical aid should be sought and preparations should be made 
to urgently expedite the birth of the baby, classified as a category 
1 birth. This could include moving the woman to theatre if the 
fetal heart has not recovered by 9 min. If the fetal heart recovers 
within 9 min, the decision to deliver should be reconsidered in 
conjunction with the woman, if reasonable.

• A tachycardia in the baby of 160-180 bpm, where accelerations are 
present and no other adverse features appear, should not be 
regarded as suspicious; however, an increase in the baseline heart 
rate, even within the normal range, with other non-reassuring or 
abnormal features should increase concern.
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