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A B S T R A C T

Background

Cardiotocography (sometimes known as electronic fetal monitoring), records changes in the fetal heart rate and their temporal rela-

tionship to uterine contractions. The aim is to identify babies who may be short of oxygen (hypoxic), so additional assessments of fetal

well-being may be used, or the baby delivered by caesarean section or instrumental vaginal birth.

Objectives

To evaluate the effectiveness of continuous cardiotocography during labour.

Search strategy

We searched the Cochrane Pregnancy and Childbirth Group Trials Register (March 2006), CENTRAL (The Cochrane Library 2005,

Issue 4), MEDLINE (1966 to December 2005), EMBASE (1974 to December 2005), Dissertation Abstracts (1980 to December

2005) and the National Research Register (December 2005).

Selection criteria

Randomised and quasi-randomised controlled trials involving a comparison of continuous cardiotocography (with and without fetal

blood sampling) with (a) no fetal monitoring, (b) intermittent auscultation (c) intermittent cardiotocography.

Data collection and analysis

Two authors independently assessed eligibility, quality and extracted data.

Main results

Twelve trials were included (over 37,000 women); only two were high quality. Compared to intermittent auscultation, continuous

cardiotocography showed no significant difference in overall perinatal death rate (relative risk (RR) 0.85, 95% confidence interval (CI)

0.59 to 1.23, n = 33,513, 11 trials), but was associated with a halving of neonatal seizures (RR 0.50, 95% CI 0.31 to 0.80, n = 32,386,

nine trials) although no significant difference was detected in cerebral palsy (RR 1.74, 95% CI 0.97 to 3.11, n = 13,252, two trials).

There was a significant increase in caesarean sections associated with continuous cardiotocography (RR 1.66, 95% CI 1.30 to 2.13, n

=18,761, 10 trials). Women were also more likely to have an instrumental vaginal birth (RR 1.16, 95% CI 1.01 to 1.32, n = 18,151,

nine trials). Data for subgroups of low-risk, high-risk, preterm pregnancies and high quality trials were consistent with overall results.

Access to fetal blood sampling did not appear to influence the difference in neonatal seizures nor any other prespecified outcome.

Authors’ conclusions

Continuous cardiotocography during labour is associated with a reduction in neonatal seizures, but no significant differences in cerebral

palsy, infant mortality or other standard measures of neonatal well-being. However, continuous cardiotocography was associated with

an increase in caesarean sections and instrumental vaginal births. The real challenge is how best to convey this uncertainty to women

to enable them to make an informed choice without compromising the normality of labour.
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P L A I N L A N G U A G E S U M M A R Y

Comparing continuous electronic monitoring of the baby’s heartbeat in labour using cardiotocography (CTG, sometimes known as

EFM) with intermittent monitoring (intermittent auscultation, IA)

Monitoring the baby’s heartbeat is one way of checking babies’ well-being in labour. By listening to, or recording the baby’s heartbeat, it is

hoped to identify babies who are becoming short of oxygen (hypoxic) and who may benefit from caesarean section or instrumental vaginal

birth. A baby’s heartbeat can be monitored intermittently by using a fetal stethoscope, Pinard (special trumpet shaped device), or by a

handheld Doppler device. The heartbeat can also be checked continuously by using a CTG machine. This method is sometimes known

as electronic fetal monitoring (EFM) and produces a paper recording of the baby’s heart rate and their mother’s labour contractions.

Whilst a continuous CTG gives a written record, it prevents women from moving during labour. This means that women may be

unable to change positions or use a bath to help with comfort and control during labour. It also means that some resources tend

to be focused on the needs of the CTG rather than the woman in labour. This review compared continuous CTG monitoring with

intermittent auscultation (listening). It found 12 trials involving over 37,000 women. Most studies were not of high quality and the

review is dominated by one large, well-conducted trial of almost 13,000 women who received care from one person throughout labour

in a hospital where the membranes have either ruptured spontaneously or were artificial ruptured as early as possible and oxytocin

stimulation of contractions was used in about a quarter of the women. There was no difference in the number of babies who died

during or shortly after labour (about 1 in 300). Fits (neonatal seizures) in babies were rare (about 1 in 500 births), but they occurred

significantly less often when continuous CTG was used to monitor fetal heart rate. There was no difference in the incidence of cerebral

palsy, although other possible long-term effects have not been fully assessed and need further study. Continuous monitoring was

associated with a significant increase in caesarean section and instrumental vaginal births. Both procedures are known to carry the risks

associated with a surgical procedure although the specific adverse outcomes have not been assessed in the included studies.

B A C K G R O U N D

Introduction

Through monitoring fetal heart rate changes during labour, it

is hoped to identify those babies who may be compromised, or

potentially compromised, by a shortage of oxygen (fetal hypoxia).

If the shortage of oxygen is both prolonged and severe, babies are at

risk of being born with a disability (physical and/or mental), or of

dying during labour or shortly thereafter. When alterations in the

fetal heart rate during labour suggest that the baby is hypoxic, or

at risk of hypoxia, additional methods of assessment of fetal well-

being (e.g. fetal blood sampling) may be used. Sometimes these

fetal heart rate alterations trigger delivery by caesarean section or

by an instrument such as forceps or vacuum extractor even without

recourse to additional diagnostic tests.

The incidence of neonatal morbidity and mortality varies around

the world, although direct comparisons may be difficult because

of varying definitions and misclassifications. Nevertheless, large

differences are reported between high-income countries (average 4

per 1000 live births) and low/middle-income countries (average of

33 per 1000 births) (Lawn 2005). Although the majority of peri-

natal morbidity and mortality may not be prevented by improved

fetal monitoring in labour (Nelson 1996), failures to identify ab-

normal fetal heart rate patterns and lack of appropriate actions are

considered to be significant contributing factors (MCHRC 1997;

MCHRC 1998; MCHRC 1999).

Historical context

The baby’s heart beat was first thought to be heard in utero in

the middle of the seventeenth or eighteenth century (Gibb 1992;

Grant 1989a), but it was not until the early nineteenth century

that de Kergeradee suggested that listening to the baby’s heartbeat

might be clinically useful (Grant 1989a). He proposed that it

could be used to diagnose fetal life and multiple pregnancies, and

wondered whether it would be possible to assess fetal compromise

from variations in the fetal heart rate. Since then, various methods

of listening to the fetal heart have been developed and introduced

into maternity care, each with the aim of improving outcomes for

babies and reducing the heartache for mothers and families when

a baby dies or suffers long-term disability. Today, monitoring the

fetal heart during labour, by one method or another, appears to

have become a routine part of care during labour, although access

to such care varies across the world.

Methods of monitoring the fetal heart rate

The baby’s heart rate can be monitored either intermittently (at

regular intervals during labour) or continuously (recording the

baby’s heart rate throughout labour, stopping only briefly, e.g. for

visits to the toilet) as follows.

(1) Fetal stethoscope (Pinard) and hand-held Doppler

Intermittent monitoring can be undertaken either by listening to

the baby’s heart rate using a fetal stethoscope (Pinard) or a hand-

held Doppler ultrasound device and by palpating the mother’s

uterine contractions by hand. This is known as ’intermittent aus-

cultation’.

(2) Cardiotocograph (CTG)

The baby’s heart rate and the mother’s uterine contractions can
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be recorded electronically on a paper trace known as a cardiotoco-

graph. This is achieved by using a Doppler ultrasound transducer

to monitor the baby’s heart rate and a pressure transducer to mon-

itor uterine contractions, both of which are linked to a record-

ing machine. This is known as external cardiotocography (exter-

nal CTG). This is usually undertaken continuously in labour, al-

though occasionally it is used intermittently during labour (inter-

mittent CTG). In most units, external CTG requires the mother

to wear a belt across her abdomen while monitoring is being con-

ducted, which restricts her mobility. An alternative means of mon-

itoring the baby’s heart rate with the CTG machine is to attach an

electrode directly to the baby’s presenting part, usually its head.

This form of continuous monitoring is known as ’internal CTG’

and requires a ruptured amniotic sac (either spontaneously or ar-

tificially) and a scalp electrode (clip) attached to the baby’s head.

This also restricts the woman’s mobility.

The term ’electronic fetal monitoring’ is sometimes used synony-

mously with CTG monitoring, but is considered to be a less pre-

cise term because (1) CTG monitoring also includes monitoring

the mother’s contractions and (2) other forms of fetal monitoring

might also be classed as ’electronic’ e.g. ECG, fetal pulse oximetry.

Intermittent auscultation was the predominant method of moni-

toring during labour until CTGs became widely used in the latter

part of the 20th century (Enkin 2000). Although there is a lack

of empirical evidence on the optimal frequency of intermittent

auscultation, there is a consensus in the guidelines from profes-

sional bodies that the fetal heart should be auscultated at least

every 15 minutes in the first stage of labour and at least every

five minutes in the second stage of labour (ACOG 1995; Liston

2002; RANZCOG 2002; RCOG 2001a) with each auscultation

lasting at least 60 seconds (Liston 2002; RCOG 2001a). It appears

that these auscultation protocols were developed initially in the

context of clinical trials and were based on ’common sense’ rather

than research evidence. Compliance with these guidelines, whilst

maintaining contemporaneous records, poses quite a challenge for

caregivers during labour who usually have multiple tasks to fulfil

simultaneously.

Information and interpretation

Both intermittent auscultation and CTG provide information on

the baseline heart rate (usually between 110 and 160 beats per

minute), accelerations (transient increases in the fetal heart rate)

and decelerations (transient decreases in the fetal heart rate). It is

known that some aspects of labour will cause natural alterations

in fetal heart rate patterns. For example, the baby’s sleep pattern

is different from the pattern when the baby is awake. External

stimuli, like uterine contractions and the mother moving, can

cause fetal heart rate (FHR) changes, as can the administration of

opiates to the mother. Some of these changes are quite subtle and

can only be detected by continuous CTG e.g. baseline variability,

temporal shape of decelerations. Consideration needs to be given

to whether such information improves detection and outcome of

those babies who are truly compromised.

Sensitivity and specificity

While specific abnormalities of the fetal heart rate pattern on CTG

are proposed as being associated with an increased risk of cere-

bral palsy (Nelson 1996), the specificity of CTG for prediction

of cerebral palsy is low with a reported false positive rate as high

as 99.8%, even in the presence of multiple late decelerations or

decreased variability (Nelson 1996).

Fetal heart rate pattern recognition, including the relationship be-

tween the uterine contractions and fetal heart rate decelerations,

are fundamental to the use of continuous CTG monitoring. Algo-

rithms have been developed to assess and record what is normal,

what requires more careful attention and what is considered ab-

normal requiring immediate delivery of the baby (RCOG 2001a).

However, CTG traces are often interpreted differently by different

caregivers (inter-observer variation) and even by the same caregiver

interpreting the same record at different times (intra-observer vari-

ation) (Devane 2005a). Such variation in interpretation of CTG

tracings may result in inappropriate interventions, or false reas-

surance and lack of appropriate intervention. Although we were

unable to locate studies that sought to investigate inter- and intra-

observer variation in intermittent auscultation, it would seem rea-

sonable to suggest that intermittent auscultation is not immune

to similar problems caused by inter- and intra-observer variation.

Additional tests

Fetal blood sampling is a procedure whereby a small amount of

blood is taken from the baby, usually from the scalp. Performing

fetal blood sampling and then measuring the parameters of acid-

base balance (pH, base excess/deficit, etc) has been introduced

in an effort to identify those babies who are truly compromised

and need to be born immediately from those who are not truly

compromised. It is important to establish the value of this test

as an adjunct to CTG. This question is addressed by a subgroup

analysis in this review.

Other methods have been considered as additional tests, but there

is little evidence to support their use, for example, vibroacous-

tic stimulation (East 2005). Several other methods of fetal moni-

toring have been proposed, either as an adjunct or an alternative

to CTG, e.g. pulse oximetry (Carbone 1997; East 2004), near-

infrared spectroscopy (Mozurkewich 2000), fetal ECG (Neilson

2003), ST segment analysis of the fetal ECG (Luttkus 2004) and

fetal stimulation tests (Skupski 2002).

Possible advantages of CTG

• More measurable parameters related to fetal heart rate patterns

(see above).

• The CTG trace gives a continuous recording of the fetal heart

rate and uterine activity. This is a physical record, which can be

examined at anytime in labour, or subsequently if required. The
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examples where physical records may be useful include clinical

audits, counseling parents if there has been as adverse outcome,

and medico-legal situations.

Possible disadvantages of CTG

• The complexity of fetal heart rate patterns makes standardisa-

tion difficult.

• CTG prevents mobility and restricts the use of massage, differ-

ent positions and/or immersion in water used to improve com-

fort, control and coping strategies during labour.

• Shifting staff focus and resources away from the mother may

encourage a belief that all perinatal mortality and neurological

injury can be prevented.

Specific situations that may influence the effectiveness or oth-

erwise of CTG

(1) Continuous CTG is generally recommended for women who

are regarded as being at increased risk of perinatal morbidity and

mortality (Liston 2002; RCOG 2001a; RANZCOG 2002). This

review will address the issue of differential effects of CTG in terms

of risk status.

(2) Induction of labour is primarily performed where it is antici-

pated that the outcome for the mother and/or infant would be im-

proved were labour to be induced. Given that induction of labour

includes iatrogenic stimulation of uterine activity, which puts the

baby at greater risk, a subgroup analysis by induction of labour

will be performed (RCOG 2001b).

(3) Preterm birth is associated with an increased risk of mortality

and neurological morbidity and these babies might benefit from

being monitored more intensively. Therefore, a preterm subgroup

analysis will be performed.

(4) Twin pregnancies carry a higher perinatal mortality rate than

singleton pregnancies (RCOG 2001b), thus a subgroup analysis

by twin pregnancy will be conducted.

Women’s views

Some studies looking at women’s preferences found that the sup-

port that women received from staff and labour companions was

more important to them than the type of monitoring used (Gar-

cia 1985; Killien 1989). A more recent study of women’s views

of routine continuous CTG in labour in the UK identified a lack

of discussion about the need for and appropriateness of CTG. In

addition, women felt that CTG limited their mobility and led to

an acceptance of the machine’s place as the focus of attention for

the women and her partner (Munro 2004).

Rationale for the review

Concerns have been raised about the efficacy and safety of routine

use of continuous CTG in labour (Thacker 1995). The apparent

contradiction between the widespread use of continuous CTG

and recommendations to limit its routine use (RCOG 2001a),

indicates that a reassessment of this practice is warranted.

Several other Cochrane reviews have addressed other methods for

assessing the condition of the fetus during labour including fe-

tal electrocardiogram/ECG (Neilson 2003); fetal pulse oximetry

(East 2004); near-infrared spectroscopy (Mozurkewich 2000) and

vibroacoustic stimulation (East 2005). Also, the comparison of

cardiotocography versus intermittent auscultation of fetal heart as

an admission test on arrival to labour ward is assessed elsewhere

(Devane 2005b).

O B J E C T I V E S

The objective of this review is to evaluate the effectiveness and

safety of continuous cardiotocography when used as a method to

monitor fetal well-being during labour.

C R I T E R I A F O R C O N S I D E R I N G

S T U D I E S F O R T H I S R E V I E W

Types of studies

All randomised trials and quasi-randomised studies comparing

continuous cardiotocography during labour, with and without fe-

tal blood sampling, with (a) no fetal monitoring, (b) intermittent

auscultation of the fetal heart rate with a Pinard stethoscope or

hand-held Doppler ultrasound device or (c) intermittent CTG.

Sensitivity analysis was undertaken for studies graded A on con-

cealment allocation.

Types of participants

Pregnant women in labour and their babies.

Types of intervention

The main intervention of interest is continuous CTG during

labour.

For the purpose of this review, the intervention is defined as an

attempt to produce a continuous and simultaneous hard-copy

recording of the fetal heart rate and uterine contractions in real-

time throughout the woman’s labour. As a guide, continuous CTG

should be discontinued only for short periods (for example, visit

to toilet) and the CTG should be used for clinical decision making

during labour.

Control groups of interest include: (a) no fetal monitoring, (b) in-

termittent auscultation of the fetal heart rate with a Pinard stetho-

scope or hand-held Doppler ultrasound device or (c) intermittent

CTG.

Types of outcome measures

The main outcomes of interest for the infant are:

(i) death;

(ii) seizures in the neonatal period, either apparent clinically or

detected by electro-encephalographic recordings;
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(iii) hypoxic ischaemic encephalopathy (as defined by trialists);

(iv) cerebral palsy;

(v) neurodevelopmental disability assessed at 12 months of age or

more. Neurodevelopmental disability will be defined as any one

or combination of the following: non-ambulant cerebral palsy, de-

velopmental delay, auditory and visual impairment. Development

should have been assessed by means of a previously validated tool,

such as Bayley Scales of Infant Development (Psychomotor Devel-

opmental Index and Mental Developmental Index (Bayley 1993);

(vi) Apgar less than seven at five minutes;

(vii) Apgar less than four at five minutes;

(viii) cord blood acidosis (low pH/low base excess as defined by

trialists; where report included a range of pH values we have used

cord pH less than 7.10 as a cut off for acidosis);

(ix) admission to neonatal special care and/or intensive care unit;

(x) length of stay in neonatal special care and/or intensive care

unit;

(xi) fetal blood sampling;

(xii) damage/infection to baby’s head from scalp electrode or fetal

blood sampling.

The outcomes of interest for the mother are:

(i) caesarean section;

(ii) caesarean section for abnormal fetal heart rate pattern and/or

fetal acidosis;

(iii) instrumental vaginal birth;

(iv) instrumental vaginal birth for abnormal fetal heart rate pattern

and/or fetal acidosis;

(v) spontaneous vaginal birth not achieved;

(vii) use of all forms of pharmacological analgesia during labour

and birth (including epidural);

(vii) epidural;

(viii) use of non pharmacological methods of coping with labour,

e.g. transcutaneous electrical nerve stimulation, hydrotherapy;

(ix) amniotomy (artificial rupture of membranes);

(x) oxytocin during labour;

(xi) perineal trauma requiring repair (including episiotomy);

(xii) inability to adopt preferred position during labour;

(xiii) dissatisfaction with labour and/or perceived loss of control

during labour;

(xiv) postpartum depression.

S E A R C H M E T H O D S F O R

I D E N T I F I C A T I O N O F S T U D I E S

See: methods used in reviews.

We searched the Cochrane Pregnancy and Childbirth Group

Trials Register by contacting the Trials Search Co-ordinator

(March 2006).

The Cochrane Pregnancy and Childbirth Group’s Trials Register

is maintained by the Trials Search Co-ordinator and contains

trials identified from:

(1) quarterly searches of the Cochrane Central Register of

Controlled Trials (CENTRAL);

(2) monthly searches of MEDLINE;

(3) handsearches of 30 journals and the proceedings of major

conferences;

(4) weekly current awareness search of a further 37 journals.

Details of the search strategies for CENTRAL and MEDLINE,

the list of handsearched journals and conference proceedings,

and the list of journals reviewed via the current awareness service

can be found in the ’Search strategies for identification of studies’

section within the editorial information about the Cochrane

Pregnancy and Childbirth Group.

Trials identified through the searching activities described above

are given a code (or codes) depending on the topic. The codes

are linked to review topics. The Trials Search Co-ordinator

searches the register for each review using these codes rather than

keywords.

In addition, we searched CENTRAL (The Cochrane Library

2005, Issue 4), MEDLINE (1966 to December 2005), CINAHL

(1982 to December 2005) and EMBASE (1974 to December

2005) using the following search strategies:

CENTRAL

1. Labor Obstetric/

2. Delivery Obstetric/

2. Fetal Monitoring/

3. intrapartum near monitor*

4. fetal near surveillance

5. 1 or 2

6. 3 or 4 or 5

7. 6 and 7

MEDLINE

1. exp Labor, Obstetric/ or exp Delivery, Obstetric/

2. exp Fetal Monitoring/

3. (intrapartum adj2 monitor$).ti,ab.

4. (fetal adj surveillance).ti,ab.

5. randomized controlled trial.pt.

6. exp Controlled Clinical Trials/

7. controlled clinical trial.pt.

8. 2 or 3 or 4

9. 5 or 6 or 7

10. 1 and 8 and 9

CINAHL

1. exp Clinical Trials/

2. clinical trial.pt.

3. (clinic$ adj trial$1).tw.

4. ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$3 or

mask$3)).tw.

5. randomi?ed control$ trial$.tw.

6. exp Random Assignment/

7. random$ allocat$.tw.
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8. placebo$.tw.

9. Quantitative studies/

10. allocat$ random$.tw.

11. Placebos/

12. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11

13. exp Fetal Monitoring/

14. (fetal adj2 monitor$).tw.

15. (intrapartum adj2 monitor$).tw.

16. (labor or labour).tw.

17. exp Childbirth/

18. 13 or 14 or 15

19. 16 or 17

20. 12 and 18 and 19

EMBASE

1. randomization/

2. double blind procedure/

3. crossover procedure/

4. intermethod comparison/

5. single blind procedure/

6. clinical study/

7. controlled study/

8. randomized controlled trial/

9. (clin$ adj2 trial$).tw.

10. ((singl$ or doubl$ or trebl$ or tripl$) adj2 (blind$ or

mask$)).tw.

11. exp clinical trial/

12. placebo/

13. placebo$.tw.

14. random$.tw.

15. labour$ or labor or laboring.af.

16. Fetus-Electrocardiography/

17. Fetus-Monitoring/

18. fetal with monitor$

19. fetal adj surveillance

20. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or

13 or 14

21. 16 or 17 or 18 or 19

22. 20 and 21 and 15

We also searched for grey literature by searching Dissertation

Abstracts (1980 to December 2005) and National Research

Register (December 2005) databases, using terms identified

above, adapted for each database.

We did not apply any language restrictions.

M E T H O D S O F T H E R E V I E W

We developed the methods of the review in light of the advice

contained in the Cochrane Handbook for Systematic Reviews of

Interventions (Higgins 2005).

Study identification

We considered all identified randomised and quasi-randomised

controlled trials involving a comparison of continuous CTG, with

and without fetal blood sampling, with (a) no fetal monitoring,

(b) intermittent auscultation of the fetal heart rate with a

Pinard stethoscope or hand-held Doppler ultrasound device or (c)

intermittent CTG.

One review author (Declan Devane (DD)) ran the additional

search strategies. Each potentially eligible trial identified by the

search strategy was obtained as a full-text article and independently

assessed for inclusion by Zarko Alfirevic (ZA) and Gill Gyte (GG).

There were no disagreements regarding eligibility for inclusion

that needed to be resolved by discussion with DD. We did

not encounter problems with language or missing information

requiring classification as ’Study awaiting assessment’ (RevMan

2003).

Quality assessment of included studies

Two review authors (GG and DD) independently assessed the

quality of all included trials, namely selection and attrition bias.

With regard to performance bias, due to the differences in

the modus operandi of the continuous CTG and intermittent

auscultation, it is unlikely that clinicians or women will have been

blinded to either intervention. Therefore, lack of blinding was not

considered to undermine the validity of studies.

Selection bias

Studies were allocated a grade on the basis of allocation

concealment as per criteria outlined in the Cochrane Handbook

for Systematic Reviews of Interventions (Higgins 2005) i.e.

(A) adequate, (B) unclear, (C) inadequate or (D) allocation

concealment was not used. Approaches to allocation concealment

considered to be clearly inadequate include: alternation, the use

of case record numbers, dates of birth or day of the week, and any

procedure that is entirely transparent before allocation, such as an

open list of random numbers.

Attrition bias

Due to inadequacies in reporting how losses of participants (e.g.

withdrawals, dropouts, protocol deviations) were handled, the

review authors were cautious about implicit accounts of follow

up. Given that study reports on attrition after allocation have not

been found to be consistently related to bias, studies were not

excluded on the basis of attrition. Studies were, however, graded

for completeness of follow up using the following criteria. For

completeness of follow up:

(A) less than 3% of participants excluded;

(B) 3% to 9.9% of participants excluded;

(C) 10% to 19.9% of participants excluded;

(D) more than 20% of participants excluded.

Data extraction

Two review authors (ZA and DD) independently extracted the

data using predesigned data extraction forms, the fields of which
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had been agreed by all review authors. Study eligibility was verified

again at the time of data abstraction or collection.

Additional information was extracted from the included trials

by one review author (GG) and recorded in an additional table

(Table 01). The data include: (1) one carer to one woman support

during labour; (2) labour induction; (3) the use of artificial rupture

of membranes (ARM) in labour; (4) the use of oxytocin for

augmentation of labour; (5) women’s mobility during labour; (6)

women’s positions for giving birth; (7) women’s views of labour

and monitoring; (8) social and environmental context of trials; (9)

experience of staff in CTG interpretation. These were considered

to be factors that might impact on the comparison of outcomes.

For example, it is unclear what impact the supine position, ARM

and oxytocin use might have on the fetal heart rate patterns,

and whether mobility in labour might reduce the use of such

interventions.

Data analysis

We performed statistical analyses with the Review Manager

Software (RevMan 2003). Dichotomous (or binary) outcomes

are reported using the ’relative risk’ summary statistic and their

95% confidence intervals. Continuous data are reported using the

weighted mean differences and their 95% confidence intervals.

Denver 1979 was a three-arm trial with two experimental groups

(CTG with and without access to fetal scalp sampling) and one

control group (intermittent auscultation). Following statistical

advice, we arbitrarily split the data for the controls into two

equal groups and assigned them to each experimental arm. This

approach ensured that there was no double-counting for controls

when overall relative risks were calculated. An arbitrary decision

was made when the number needing to be split was not an even

number.

We used a fixed-effect model of meta-analysis for summarising

the results of studies in the absence of substantial heterogeneity

between trials. Where heterogeneity between trials was substantial

a random-effects model was used. Measurements of heterogeneity

were performed using the I-squared statistic, which is less affected

by the number of trials in the analysis than the Chi-squared test. I-

square of 30% to 50% suggests mild heterogeneity and more than

50% indicates substantial heterogeneity.

We planned subgroup analyses on the following a priori

determined subgroups:

(a) low risk (absence of identifiable risk factors associated with

increased in perinatal mortality and morbidity as defined by

trialists);

(b) high risk for perinatal mortality and morbidity (as defined by

trialists);

(c) spontaneous onset of labour;

(d) induction of labour;

(e) preterm (less than 37 + 0 weeks);

(f ) term (greater than 37 + 0 weeks);

(g) singleton pregnancy;

(h) twin pregnancy;

(i) without fetal blood sampling (FBS) during labour;

(j) with FBS during labour;

(k) parity.

Sensitivity analysis

We performed sensitivity analysis based on quality comparing

high-quality trials with trials of lower quality. Given that study

reports on attrition after allocation have not been found to be

consistently related to bias, ’high quality’ was, for the purposes

of this sensitivity analysis, defined as a trial having allocation

concealment classified as ’A’ (adequate).

D E S C R I P T I O N O F S T U D I E S

Our search strategy identified 382 citations corresponding to 16

studies for potential inclusion. Of those, 12 studies with 37,615

women participating were included (Athens 1993; Copenhagen

1985; Dallas 1986; Denver 1976; Denver 1979; Dublin 1985;

Lund 1994; Melbourne 1976; Melbourne 1981; Pakistan 1989;

Seattle 1987; Sheffield 1978) and four were excluded (North

America; Harare 1994; Ioannina 2001; Manchester 1982).

Eleven studies, with 33,581 women participating, compared

continuous CTG with intermittent auscultation (Athens 1993;

Copenhagen 1985; Dallas 1986; Denver 1976; Denver 1979;

Dublin 1985; Melbourne 1976; Melbourne 1981; Pakistan 1989;

Seattle 1987; Sheffield 1978). Five studies compared continuous

CTG in conjunction with fetal blood sampling with intermittent

auscultation (Copenhagen 1985; Dublin 1985; Melbourne 1976;

Pakistan 1989; Seattle 1987), five compared continuous CTG

without fetal blood sampling to intermittent auscultation (Athens

1993; Dallas 1986; Denver 1976; Melbourne 1981; Sheffield

1978) and one study had three groups comparing continuous

CTG with and without fetal blood sampling to intermittent aus-

cultation (Denver 1979). One study compared continuous CTG

with fetal blood sampling to intermittent CTG with fetal blood

sampling (Lund 1994).

Participants were assessed as low risk in three studies (Dallas 1986;

Lund 1994; Melbourne 1981) and outcome data for low-risk

women were available for one outcome, neonatal seizures, from

one other study (Dublin 1985). Participants were assessed as high

risk in five studies (Denver 1976; Denver 1979; Melbourne 1976;

Pakistan 1989; Seattle 1987) including one study which specif-

ically included women in preterm labour (28 to 32 weeks) and

assessed outcomes for babies below 1750 g birthweights (Seattle

1987). The data for neonatal seizures in high-risk women were

available from one other study (Dublin 1985). Participants were

assessed as mixed risk in four studies (Athens 1993; Copenhagen

1985; Dublin 1985; Sheffield 1978).
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M E T H O D O L O G I C A L Q U A L I T Y

Included studies were assessed for methodological quality on

the basis of selection (allocation concealment) and attrition bias

(see ’Methods of the review’ above). Allocation concealment was

graded as ’A-adequate’ in two trials (Dublin 1985; Melbourne

1976), as ’B-unclear’ in six trials (Copenhagen 1985; Denver 1976;

Denver 1979; Lund 1994; Seattle 1987; Sheffield 1978), and as ’C-

inadequate’ in four trials (Athens 1993; Dallas 1986; Melbourne

1981; Pakistan 1989). Attrition bias was graded as ’A: less than

3% of participants excluded’ in eight trials (Athens 1993; Copen-

hagen 1985; Denver 1976; Denver 1979; Dublin 1985; Lund

1994; Pakistan 1989; Sheffield 1978), as ’B: 3% to 9.9% of par-

ticipants excluded’ in two trials (Copenhagen 1985; Melbourne

1981), as ’D: more than 20% of participants excluded’ in one trial

(Seattle 1987) and information was unavailable on which to make

an attrition assessment for two studies (Dallas 1986; Melbourne

1976).

R E S U L T S

1. Continuous cardiotocography (CTG) versus intermittent

auscultation (all)

A total of 11 randomised trials have been included in this compari-

son with over 33,000 women participating (Athens 1993; Copen-

hagen 1985; Dallas 1986; Denver 1976; Denver 1979; Dublin

1985; Melbourne 1976; Melbourne 1981; Pakistan 1989; Seattle

1987; Sheffield 1978). Denver 1979 was a three-arm trial result-

ing in 12 trial comparisons for some outcomes (outcomes 01.02,

01,27).

There was a significant increase in the caesarean section rate in

the CTG group (relative risk (RR) 1.66, 95% confidence interval

(CI) 1.30 to 2.13, n = 18,761, 10 trials). Risk difference in the

caesarean section rate was 5% (95%CI 2 to 8%), with two-thirds

of the data from Dublin 1985, where the overall caesarean section

rate was 2.3%. Overall, the differences in caesarean section rates

showed substantial heterogeneity, although all studies showed ei-

ther an increase or no significant difference in caesarean section

with continuous CTG. In view of the significant heterogeneity,

the caesarean section data (outcome 01.01) were analysed using a

random-effects model.

It appears that the risk of having a caesarean section was influenced

by the quality of trials (outcome 06:01, interaction test p = 0.02).

In the two high-quality trials (Dublin 1985; Melbourne 1976),

the heterogeneity remained significant (I-square = 54.9%), but the

combined increase in caesarean section rates was not (RR 1.27,

95% CI 0.88 to 1.83).

Five studies had overall caesarean section rates below 10%

(Athens 1993; Copenhagen 1985; Dublin 1985; Melbourne 1981;

Sheffield 1978). The highest overall caesarean section rates were

reported in Melbourne 1976 (18%) and Pakistan 1989 (23.5%).

Post-hoc analysis, pooling together the trials with the overall cae-

sarean section rates below or above 10% (outcome 01:06), showed

a significant increase in caesarean section with continuous CTG

in both groups. The magnitude of the increase in caesarean sec-

tion rates was greater in the subgroup with caesarean section rates

greater than 10% (interaction test p < 0.001).

Although numbers needed to treat (NNT) analyses remain con-

troversial in the context of meta-analysis and should be interpreted

with caution, we have calculated that, overall, one additional cae-

sarean section was performed for every 58 women monitored con-

tinuously (95% CI 43 to 87).

Women in the continuous CTG group were also more likely to

have a caesarean section for abnormal fetal heart rate and/or aci-

dosis (outcome 01.02: RR 2.37; 95% CI 1.88 to 3.00, n = 33,379,

11 trials) or instrumental birth (outcome 01.03: RR 1.16; 95%

CI 1.01 to 1.32, n = 18,515, nine trials). Failure to achieve spon-

taneous vaginal birth (outcome 01.05: RR 1.27; 95% CI 1.19 to

1.36, n = 18,761, 10 trials) was also more common in the CTG

group.

There was a small increase in the overall use of analgesia in the con-

tinuous CTG group (outcome 01.07: RR 1.09, 95% CI 1.01 to

1.18, n = 2118, two trials), but no difference in epidural analgesia

(outcome 01.08: RR 1.00; 95% CI 0.90 to 1.12, n = 17,630, eight

trials) or use of pharmacological analgesia during labour (outcome

01.09: RR 1.00; 95% CI 0.93 to 1.08, n = 1677, three trials).

The use of fetal blood sampling was reported in two trials (Copen-

hagen 1985; Dublin 1985) with significantly more sampling tests

performed in the continuous CTG group (outcome 01.12: RR

1.24, 95% CI 1.03 to 1.49, n = 13,929, two trials).

There was no significant difference in perinatal mortality between

the groups, (outcome 01.27: RR 0.85, 95% CI 0.59 to 1.23, n

= 33,513, 11 trials). The use of continuous CTG monitoring in

labour was associated with a halving of the risk of neonatal seizures

(outcome 01.26: RR 0.50, 95% CI 0.31 to 0.80, n = 32,386,

nine trials). This reduction was consistent across the trials and

subgroups, although the incidence of neonatal seizures varied con-

siderably between trials. In the two largest trials of 14,618 women

(Dallas 1986) and 12,964 women (Dublin 1985), the incidence

of neonatal seizures in the intermittent auscultation groups were

0.04% and 0.4% respectively (outcome 01.26). In the two trials

of high quality (Dublin 1985; Melbourne 1976), the relative risk

of neonatal seizures was RR 0.4, 95% CI 0.21 to 0.77 (n = 13,434;

outcome 06.02).

Notwithstanding the caution regarding numbers-needed-to-treat

(NNT) calculations, 661 women would have to be continuously

monitored during labour to prevent one neonatal seizure (95% CI

384 to 2002). Combining NNT calculations for neonatal seizures

and caesarean section suggests that a cohort of 628 women, if

continuously monitored, could expect to have one neonatal seizure
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less and 11 more caesarean sections compared to intermittently

auscultated controls.

There was no difference in the incidence of cerebral palsy, although

the lower limit of 95% confidence intervals was 0.97, implying

that continuous CTG, at best, has no impact on cerebral palsy,

but may be associated with an increase (outcome 01.29: RR 1.74,

95% CI 0.97 to 3.11, n = 13,252, two trials). The data on cere-

bral palsy are heavily influenced by one small trial (Seattle 1987)

that randomised only very preterm babies (less than 32 weeks)

and assessed outcomes for babies of birthweight less than 1750 g

with a cerebral palsy rate of 19.5% in the CTG group compared

with 7.7% in the controls (RR 2.54, 95% CI 1.10 to 5.86, n =

173). The other trial in this comparison (Dublin 1985) showed

no significant difference in the incidence of cerebral palsy (RR

1.20, 95% CI 0.52 to 2.79, n = 13,079) with a cerebral palsy

rate of 0.18% in the continuously CTG group and 0.15% in the

intermittently monitored group. There was no evidence of any

other benefit or harm for the babies in terms of Apgar scores, cord

blood gasses, admission to neonatal intensive care unit or hypoxic

ischemic encephalopathy.

There were no reported data suitable for analysis for the use of non-

pharmacological methods for coping with labour, amniotomy, per-

ineal trauma, inability to adopt preferred position in labour, dis-

satisfaction in labour and postpartum depression.

1.1. Subgroup analyses

1.1.1. Continuous cardiotocography (CTG) versus intermittent aus-

cultation (low risk)

Only three trials reported some outcomes for women who could be

classed as ’low risk’ based on the information available at the time

of randomisation (Dallas 1986; Dublin 1985; Melbourne 1981)

and the data were consistent with overall results. Continuous CTG

monitoring was associated with an increase in caesarean section for

abnormal FHR pattern (outcome 02.02: RR 2.31, 95% CI 1.49

to 3.59, n = 15,545, two trials), increase in instrumental vaginal

births (outcome 02.03, RR 1.29; 95% CI 1.02 to 1.62, n = 927,

one trial) and more women not achieving spontaneous vaginal

birth (outcome 02.05, RR 1.35; 95% CI 1.09 to 1.67, n = 927, one

trial). There was no difference in the incidence of perinatal death

(outcome 02.27: RR 1.02; 95% CI 0.31 to 3.31, n = 15,545, two

trials). As in the analysis of all the trials, a reduction in neonatal

seizures was seen (outcome 02.26: RR 0.36, 95% CI 0.16 to 0.81,

n = 24,671, two trials), but incidence of cerebral palsy was not

reported. Dallas 1986 and Melbourne 1981 reported an increase

in the number of babies admitted to neonatal intensive care unit

in the continuous CTG group (outcome 02.23: RR 1.37, 95% CI

1.01 to 1.87, n = 15,545, two trials).

1.1.2. Continuous cardiotocography (CTG) versus intermittent aus-

cultation (high risk)

Results in this subgroup were also consistent with overall effects.

The observed increase in the caesarean section rate in the contin-

uous CTG group can be quantified as relative risk of 2.02 (95%

CI 1.58 to 2.57, a risk difference of 9% (95% CI 6 to 12%) or

numbers needed to treat of 12 (95% CI 9 to 18) i.e. one extra cae-

sarean section was performed for every 12 high-risk women who

had continuous CTG monitoring in labour (outcome 03.01: n =

1969, five trials). Only two other outcomes reached a statistical

significance increase in the continuous CTG group i.e. caesarean

section for abnormal FHR pattern (outcome 03.02, RR 2.46, 95%

CI 1.69 to 3.59, n = 1969, five trials) and women not achieving

spontaneous vaginal birth (outcome 03.05: RR 1.33, 95%CI 1.11

to 1.59, n = 1969, five trials). The relative risk for neonatal seizures

was 0.66 but the confidence intervals included 1 (95% CI 0.36 to

1.22, n = 4805, five trials). There was an increase in cerebral palsy

in the continuous CTG group (outcome 03.29, RR 2.54; 95% CI

1.10 to 5.86, n = 173, one trial), but this result comes from one

trial in preterm babies (Seattle 1987), which is discussed above.

;

1.1.3. Continuous cardiotocography (CTG) versus intermittent aus-

cultation (preterm)

Only one trial is included in this subgroup (Seattle 1987), which

recruited 246 women in preterm labour (less than 32 weeks). Ten

outcomes have been compared in two groups and only an increase

in cerebral palsy in the continuous CTG group reached the statis-

tical significance (RR 2.54, 95% CI 1.10 to 5.86, n = 173), which

is discussed above.

1.1.4. Continuous cardiotocography (CTG) versus intermittent aus-

cultation (with FBS)

There was no evidence that the increase in caesarean section rate

was greater in trials where fetal blood sampling was not available

(subgroup interaction test p = 0.18). Access to fetal blood sampling

did not appear to influence the difference in neonatal seizures nor

any other prespecified outcome.

There are no data suitable for subgroup analyses for spontaneous

or induced labour, term pregnancies, singleton or twin births and

parity.

2. Continuous versus intermittent cardiotocography (CTG)

Lund 1994 compared two types of cardiotocography (continu-

ous CTG versus intermittent CTG) only in high-risk women and

found no significant differences in any of the eight outcomes in-

cluded in this meta-analysis.

D I S C U S S I O N

The main reason for the introduction of continuous CTG mon-

itoring in clinical practice was a belief that it would reduce peri-

natal deaths and hypoxic brain injury. This review found no sta-

tistically significant difference in perinatal deaths between contin-

uous CTG and intermittent auscultation. It does, however, seem

unrealistic to expect that any intrapartum intervention in modern

maternity care will result in a statistically significant improvement
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in perinatal deaths. In order for a trial to test the hypothesis that

continuous CTG can prevent one death in one thousand births

(0.1%), more than 50,000 women would have to be randomised.

It is, therefore, more logical to concentrate on morbidity. Unfor-

tunately, very few clinically relevant neonatal outcomes have been

reported consistently in all trials.

For decades, low Apgar scores have been used as a surrogate mea-

sure for birth asphyxia and subsequent adverse neurodevelopmen-

tal outcomes. This review found no evidence that continuous CTG

monitoring has an impact on Apgar score. However, there were

very few babies with clinically significant low Apgar scores in stud-

ies that assessed this outcome. Therefore, potentially important

differences between the two groups cannot be ruled out.

Hypoxic ischaemic encephalopathy, a much more robust mea-

sure of hypoxic brain injury, has only been reported in one study

(Athens 1993). Therefore, in the absence of any meaningful long-

term follow-up data, the impact of continuous CTG monitoring

on a neonate can only be evaluated based on the data from two

clinically important outcomes, i.e. neonatal seizures and cerebral

palsy.

For both neonatal seizures and cerebral palsy, the majority of data

are provided by Dublin 1985. At first glance, the data appear con-

tradictory with significant reduction in neonatal seizures in the

continuous CTG group and no impact on cerebral palsy. If any-

thing, the rates of cerebral palsy appear to be higher in the contin-

uous CTG group, although the pooled result did not reach statis-

tical significance. This apparent increase in cerebral palsy comes

from Seattle 1987 which showed significant increase in cerebral

palsy with continuous monitoring. However, the results from this

study, the only study of preterm births, is not statistically signif-

icant using 99% confidence intervals. In addition, this study ex-

cluded infants with birthweight of more than 1750 grams (34%

of randomised cohort) which may be a source of bias. Given that

all other outcomes in this trial including caesarean section rates,

neonatal seizures and deaths were almost identical this may have

been a chance finding.

It is now generally accepted that cerebral palsy is more often caused

by antepartum, rather than intrapartum, events (Palmer 1995).

It may, therefore, be unrealistic to expect that intrapartum inter-

ventions will have the capacity to achieve significant reduction in

cerebral palsy. However, there are, clearly, some cases of cerebral

palsy that are a direct consequence of intrapartum hypoxic injury.

These cases are very rare, and systematic reviews of randomised tri-

als are unlikely to have sufficient power to test intrapartum CTG

as a method to reduce cerebral palsy caused by acute and avoidable

intrapartum events.

The reduction in seizures associated with continuous CTG mon-

itoring is important, but has to be interpreted cautiously in the

absence of long-term follow-up data. It has been suggested that

seizures may be a “sentinel event” for peripartum adversity (Den-

nis 1978; Derham 1985) that does not always manifest as hypoxic

encephalopathy (Keegan 1985; Lien 1995; Spellacy 1985). Once

asphyxia, infection, brain malformation and metabolic causes are

excluded, some neonatal seizures are associated with cerebral in-

farction or neonatal stroke (Estan 1997; Lien 1995). Although the

underlying causes are not well understood, neonatal seizures may

have long-term consequences other than cerebral palsy. One lon-

gitudinal study found that some babies who had neonatal seizures

were classified as normal at five years and had normal overall intel-

ligence in adolescence as assessed by IQ tests, but had some abnor-

mal results on detailed neuropsychological testing (Temple 1995).

Clearly, there is a need for comprehensive long-term follow up of

the randomised cohorts that is not limited to gross outcomes such

as cerebral palsy but also includes neuropsychological outcomes.

The results of the trials included in this review show that continu-

ous CTG monitoring leads to an increase in caesarean sections and

this effect appears to be consistent irrespective of clinical risk sta-

tus (graph 07.01). Instrumental births are also undertaken more

often when women are monitored with continuous CTG com-

pared with intermittent auscultation. Put together, this leads to

significantly fewer spontaneous vaginal births when CTG is used.

Such an effect of continuous CTG is clinically plausible as CTG

monitoring leads to more interventions (e.g. fetal blood sampling,

amniotomy) and more diagnoses of presumed fetal compromise

for which emergency caesarean section is seen as the only safe

management option. The increased risk of respiratory morbidity

and lacerations to the baby born by caesarean section, and the

increased risk to the mother of bladder injury, further surgery,

hysterectomy, thromboembolic disease, problems in future preg-

nancies and mortality all need to be weighted against the reduced

incidence of seizures.

The caesarean section rate in included trials varied from 2.3% in

Dublin 1985 to 35% in Pakistan 1989. We have therefore car-

ried out a ’post-hoc’ sensitivity analysis comparing the effects of

continuous CTG monitoring on caesarean section in trials with

low caesarean section rate (less than 10%) with those with cae-

sarean section rate of greater than 10%. The test for interaction

was statistically significant (chi-squared 12.7, degrees of freedom

1, p < 0.001) suggesting that an adverse impact of CTG monitor-

ing on caesarean section rates may be greater when the baseline

caesarean section rate is high. In other words, units with high cae-

sarean section rates and low threshold to perform caesarean sec-

tion for suspected or confirmed fetal compromise may experience

greater increase in caesarean sections compared with units where

such threshold is high and caesarean section rates are low. Also,

there was some evidence that trial quality had influenced the size

of the effects i.e. the increase in caesarean section rates appeared

greater in studies of lower quality.

There was some evidence that labour was more painful in the

continuous CTG group, but the statistically significant increase

in the ’need for any analgesia’ included general anaesthesia. It is,
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therefore likely, that this difference was caused by an increase in the

number of caesarean sections rather than necessarily more painful

labour. Women do report more pain when lying on their backs

during labour and at the times when the studies in this review were

undertaken (between 1976 and 1994), women in the intermittent

auscultation group may well also have been on their backs and

not using mobility and positions to help them with their labours.

Women who labour on their backs are known to reduce the blood

flow to the placenta and baby, and thus possibly contribute to a

reduced oxygen supply for the baby. There were no data from the

trials included in the review to allow any analysis of this potential

confounder.

We have prespecified several subgroups that could have been ex-

pected to influence the direction and size of the differences com-

pared with results when all trials are considered together. We were

conscious that any differences between subgroups and overall re-

sults would have to be interpreted with extreme caution (Roth-

well 2005). The number of trials and women in subgroups was

relatively small.

The subgroup based on risk assignment was included because of

widespread differences in the use of CTG between high-risk and

low-risk populations. High-risk women seem to be almost univer-

sally monitored whilst the use of CTG in low-risk women tend

to be much lower with significant variation in the definition of

low-risk status. We found no evidence that the impact of contin-

uous CTG monitoring on important clinical outcomes vary sig-

nificantly across risk classification in the trials included here.

Contrary to current practice recommendations, we found no evi-

dence that the increase in caesarean section rate was greater if fe-

tal blood sampling was unavailable; nor did access to fetal blood

sampling influence the difference in neonatal seizures or any other

prespecified outcome.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Translating the evidence from this review into clinical practice

poses significant challenges. One would hope that the quality of

CTG equipment, interpretation and training have improved over

the years making the external validity of much of the data in-

cluded in this review questionable. In most studies included in

this review, intermittent auscultation was carried out according

to the strict protocols in a hospital setting with quick recourse

to continuous monitoring and intervention if required. In some

trials, most notably the Dublin trial (Dublin 1985), intact fetal

membranes were ruptured at the earliest opportunity to confirm

absence of meconium and women were provided with one-to-one

care from a midwife. This monitoring package differs significantly

from practices in some modern birth settings (for example, stand

alone midwifery units) where artificial rupture of membranes is

avoided as long as possible, mobilisation and normality are pro-

moted and rigid adherence to intermittent auscultation schedule

may not be a priority. In addition, one-to-one care by a midwife or

a nurse seems hard to implement in many healthcare settings and

is likely be important for both types of fetal heart rate monitoring.

With this proviso, women should be informed that continuous

CTG during labour is associated with a reduction in the incidence

of neonatal seizures, has no obvious impact on cerebral palsy or

perinatal mortality but is associated with an increase in the inci-

dence of caesarean section and instrumental vaginal births. The

adverse affects of operative births are well described, but possi-

ble long-term effects of preventable neonatal seizures remain un-

known. Women need also to be informed of the loss of mobility

associated with the use of continuous CTG in labour.

Women, practitioners and policy makers should consider carefully

the absence of evidence that continuous CTG monitoring has a

different impact on caesareans section and neonatal seizures in

low- and high-risk populations.

The risk benefit debate will continue to focus on caesarean section

and neonatal seizures. Given the perceived conflict between the

risk for the mother (increased caesarean section and instrumental

vaginal delivery rate) and benefit for the baby (decreased incidence

of neonatal seizures), it is difficult to make quality judgments as

to which effect is more important. The issue of effectiveness is

particularly important. CTG advocates will continue to argue that

lack of clear long-term benefit for the child merely reflects absence

of evidence and is not proof that intermittent auscultation is safe.

However, it would seem reasonable to base clinical decisions on

the evidence we currently have. Obviously, the risk-benefit assess-

ment will vary between individuals, policy makers and healthcare

settings. The real challenge is how best to convey this uncertainty

to women and help them to make an informed choice without

compromising the normality of labour.

Implications for research

The question remains as to whether future randomised trials

should measure efficacy (the intrinsic value of continuous CTG in

trying to prevent adverse neonatal outcomes under optimal clini-

cal conditions) or effectiveness (the effect of this technique in rou-

tine clinical practice).

Along with the need for further investigations into the long-term

effects of operative births for women and babies, much remains to

be learned about the causation and possible links between ante-

natal or intrapartum events, neonatal seizures and long-term neu-

rodevelopmental outcome, bearing in mind the changes in clin-

ical practice over the intervening years (one-to-one-support dur-

ing labour, caesarean section rates). The large number of babies

randomised in this review will now have reached adulthood, and

could potentially provide us with a unique opportunity to clarify if

a reduction in neonatal seizures is something inconsequential that
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should not greatly influence women’s and clinicians’ choices, or if

seizure reduction leads to long-term benefits for babies. Defining

meaningful neurological and behavioural outcomes that could be

measured in large cohorts of young adults poses huge challenges.

Data should also be collected from this cohort of women and ba-

bies, whilst the medical records still exist, to describe, where possi-

ble, the women’s mobility and positions during labour and birth,

to clarify if these might impact on outcomes. Research should also

address the possible contribution of the supine position to adverse

outcomes for the baby, and address the question of whether the use

of mobility and positions can reduce the already low incidence of

neonatal seizures and improve psychological outcomes for women.
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T A B L E S

Characteristics of included studies

Study Athens 1993

Methods Assignment by coin toss on admission. Mothers and obstetricians not blinded; neonatologists collecting data

on neonatal outcomes were blinded.

Participants Mixed-risk. Women with a singleton fetus at 26 or more weeks’ gestation admitted in spontaneous labour

or for induction of labour.

Total of 1428 women participated with 746 in the CTG group and 682 in the IA group.

Interventions Continuous CTG without FBS versus intermittent auscultation.

CTG: external unless trace poor when internal CTG used.

Outcomes Labour onset, oxytocin administration, duration of labour, premature rupture of the membranes, meconium

stained liquor, mode of delivery, analgesia/anaesthesia, ’nonreassuring’ FHR patterns, length of maternal

hospital stay, postpartum maternal morbidity (infection or blood transfusion), duration of ’good quality

tracing’.

Presentation at birth, birthweight (< 2500, 2500-4000, > 4000), Apgar score < 7 @ 1 min and @ 5 min,

cord arterial pH < 7.10, neonatal resuscitation, NICU admission, assisted ventilation, length of neonatal
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Characteristics of included studies (Continued )

hospital stay, neonatal complications (none, HIE, intraventricular haemorrhage, seizures, hypotonia, necro-

tizing enterocolitis, respiratory distress, sepsis, hyperbilirubinemia, hypoglycaemia, congenital anomalies),

intrapartum fetal death, neonatal death, perinatal death, perinatal death from hypoxia.

Outcomes analyzed: caesarean deliveries, operative vaginal deliveries, 1 minute Apgar < 4 and < 7, neonatal

seizures, NICU admissions, length of stay, and perinatal death. Outcomes not analyzed: presentation, labour,

labour duration, PROM, meconium, maternal infection or blood transfusion.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: October 1990 to June 1991.

Allocation concealment C – Inadequate

Study Copenhagen 1985

Methods Weekly allocation to either group by random sampling. Method of randomisation unclear.

Participants High- and low-risk women, only diabetics excluded.

Among 1410 women who fulfilled the criteria for entering the study, 349 refused to participate (primarily

due to preference for one form of monitoring).

Total of 969 women participated with 482 in CTG group and 487 in IA group. Baseline outcomes collected

for non-participating group of women.

Interventions Continuous CTG in conjunction with FBS versus intermittent auscultation.

CTG: external or internal

Outcomes FHR pattern, corrective procedures for pathological FHR pattern (oxygen, change of maternal position,

caesarean section, vacuum extraction), indications for termination of labour (mechanical disproportion,

bleeding, cord prolapse, maternal disease, fetal disease, lack of progression, other), presentation at birth,

administration of oxytocin, analgesia/anaesthesia.

Apgar score 0-3, 4-6, 7-10 @ 1 min and @ 5 min, gestational age (including appropriate for gestational age,

small-for-gestational age, large-for-gestational age), weight, NICU admissions, asphyxia, oxygen/CPAP re-

quirement, intubation, ventilation, post-asphyxia pallor, seizures, irritability, neonatal infection, intrapartum

death, antepartum death.

Notes Attrition bias: (B) 3% to 9.9% of participants excluded (1061 women agreed to participate; 92 excluded).

Study period: January 1981 to January 1982 (date women expected to deliver).

Allocation concealment B – Unclear

Study Dallas 1986

Methods Randomisation by alternate months; selective monitoring (policy of using monitoring only in high-risk

pregnancies) versus universal monitoring (use of a monitor for every pregnancy in which the fetus was

considered viable i.e. irrespective of risk status).

Participants Data extracted for 14,618 women with low-risk pregnancies; 7288 in universal monitoring group where all

women monitored by CTG, and 7330 in selective monitoring where low-risk women monitored by IA.

Interventions Continuous CTG versus intermittent auscultation.

CTG: no information on external or internal.

Outcomes Abnormal FHR pattern, caesarean section, intrapartum fetal deaths, neonatal deaths, assisted ventilation,

Apgar score < 5 @ 5 min, NICU admission, seizures.

Notes Attrition bias: information not available.

Study period: information not available.

Allocation concealment C – Inadequate
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Characteristics of included studies (Continued )

Study Denver 1976

Methods Randomised sealed envelope with participants with even numbers having CTG while participants with odd

numbers had intermittent auscultation.

Participants High-risk women on point system rating; in addition those with meconium stained fluid, needing oxytocin

or abnormal fetal heart tones during labour were eligible to participate.

Total of 483 women participated, 242 in the CTG group and 241 in the IA group.

Interventions Continuous CTG without FBS versus intermittent auscultation.

CTG: internal.

Outcomes FHR pattern, caesarean section, instrumental vaginal deliveries, anaesthesia, umbilical cord pH, mean Apgar

scores and Apgar scores <= 7 and > 7 @ 1 min and @ 5 min, NICU admissions, temperate abnormalities,

jaundice, lethargy, seizures, jitteriness, spontaneous respiration, intubation, ventilation.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: information not available.

Intermittent auscultation group had a CTG monitor attached, which was turned off at bedside but which

was recorded on a covered monitor in the hallway. This CTG was not available to clinicians during the

woman’s labour.

Allocation concealment B – Unclear

Study Denver 1979

Methods Allocation by random numbers in sealed envelopes.

Participants High-risk women in labour.

Total of 690 women participating with 1) 230 women in CTG without FBS group; 2) 229 women in CTG

with FBS group; 3) 231 women in IA group.

Interventions Three groups: continuous CTG with FBS versus continuous CTG without FBS versus intermittent auscul-

tation.

CTG: external until internal feasible.

Outcomes Pre-eclampsia, amnionitis, FHR patterns, caesarean section, instrumental vaginal deliveries, anaesthesia,

maternal postpartum infections, oxytocin administration during labour, meconium.

Gestational age (including appropriate for gestational age, small-for-gestational age, large-for-gestational

age), mean Apgar score and Apgar score 0-3, 4-7, 8-10 @ 1 min and @ 5 min, umbilical cord blood gases

(pH, pO2, pCO2), respiratory distress, pneumonia, seizures, sepsis, meningitis, NICU admission, required

antibiotics, Bayley scales and Milani-Comparetti tests at 9 months of age.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: July 1975 to July 1977.

Allocation concealment B – Unclear

Study Dublin 1985

Methods Random allocation by opening the next envelope in a series of serially numbered, opaque, sealed envelopes.

Participants Women at > 28 weeks’ gestation, in labour, clear liquor previously demonstrated. Mixed risk.

Total of 12,964 women participated with 6474 in the CTG group and 6490 in the IA group.

Interventions Continuous CTG in conjunction with FBS versus intermittent auscultation.

CTG: internal.

Outcomes Use of FBS, scalp pH values, randomisation-delivery interval, oxytocin use, analgesia, caesarean section,

operative vaginal deliveries, Apgar score < 3 @ 1 min and @ 5 min, intubation, NICU admission, umbilical
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Characteristics of included studies (Continued )

cord venous pH values neonatal trauma (e.g. fractured clavicle, facial nerve injury, intrapartum death, neonatal

death, seizures, abnormalities of tone and reflexes, primary cause of stillbirths and neonatal deaths, labour

length, cerebral palsy at 4 years of age.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: March 1981-April 1983.

Zelen deign.

Allocation concealment A – Adequate

Study Lund 1994

Methods Shuffled opaque envelopes in randomly permuted blocks.

Participants Women with low to moderate risk factors for complications during labour.

Total of 4044 women participated with 2029 in the continuous CTG group and 2015 in the intermittent

CTG group.

Interventions Continuous CTG with FBS versus intermittent CTG with FBS.

CTG: no information on external or internal

Outcomes FHR pattern, time from admission to delivery, length of labour, duration of cardiotocography, caesarean

section, instrumental vaginal deliveries, normal deliveries, umbilical cord arterial pH values, Apgar score <7

@ 1 min and 5 min, NICU admission.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: October 1989 May 1991.

Allocation concealment B – Unclear

Study Melbourne 1976

Methods Randomised cards in sealed, consecutively numbered envelopes.

Participants High-risk mothers.

Total of 350 women participated with 175 in CTG group and 175 in IA group.

Interventions Continuous CTG with FBS versus intermittent auscultation.

CTG: external.

Outcomes Length of labour, induction-delivery interval, oxytocin use, IV fluid volume use, ketonuria, analgesia, cae-

sarean section, instrumental vaginal deliveries, maternal infection.

Apgar score (mean grouped) 0-3, 4-6, 7-10 (? timing), resuscitation, NICU admission, twitching, apneic

episodes, hypotonia, convulsions, tachypnea, high-pitched cry, hypertonus, neonatal infection, umbilical

cord arterial and venous blood gases.

Notes Attrition bias: information not available. One obstetrician withdrew his participants ’from the trial’ . It is

not clear if this was pre- or post-randomisation nor is it clear how may participants were withdrawn.

Study period: March 1974 - April 1975.

Allocation concealment A – Adequate

Study Melbourne 1981

Methods Randomised cards; envelopes unsealed; biased randomisation in one of the participating hospitals; 62 low

parity women excluded post-hoc to correct for imbalance in randomisation.

Participants Low-risk women.

Total of 989 women participated with 445 in the CTG group and 482 in the IA group.

18Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Characteristics of included studies (Continued )

Randomisation was open and there was a disproportionate number of low-parity women in the monitored

group. Numbers were adjusted by random elimination of 62 women. Analysis was undertaken using the

corrected figures.

Interventions Continuous CTG without FBS versus intermittent auscultation.

CTG: external until membranes ruptured then internal.

Outcomes Analgesia, ketonuria, caesarean section, instrumental vaginal deliveries, normal deliveries.

Apgar score 0-3, 4-6, 7-10 @ 1 min, days in ’isolette’, days in nursery, phototherapy, neonatal death,

neurological signs & symptoms (unspecified).

Notes Attrition bias: (B) 3% to 9.9% of participants excluded;

Study period: information not given.

Allocation concealment C – Inadequate

Study Pakistan 1989

Methods Randomisation by woman selecting one of 200 sealed, opaque, unnumbered envelopes.

Participants High-risk women (all participants had meconium stained liquor).

Total of 200 women participated with 100 in the CTG group and 100 in the IA group.

Interventions Continuous CTG with FBS versus intermittent auscultation.

CTG: external.

Outcomes Apgar score < 7 @ 1 min and @ 5 min, caesarean section, instrumental vaginal deliveries, normal deliveries,

stillbirths, early neonatal deaths.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: 1988-1989.

Data extracted from unpublished trial lodged with Cochrane centre.

Allocation concealment C – Inadequate

Study Seattle 1987

Methods Randomisation by numbered, sealed envelopes.

Participants High-risk women.

Preterm labour (28-32 weeks’ gestation), estimated fetal weight 700-1750 g.

Total of 386 women participated with 188 in the CTG group and 188 in the IA group. Assessing birthweights

under 1750 g left 122 in the CTG group and 124 in the IA group.

Interventions Continuous CTG with FBS versus intermittent auscultation.

CTG: external until rupture of membranes then internal.

Outcomes Use of tocolytic agents/antenatal glucocorticoids/oxytocin, regional anaesthesia, premature rupture of mem-

branes, caesarean section, caesarean section.

Birthweight, sex of infant, Apgar score 0-3 and 4-10 @ 1 min and @ 5 min, umbilical cord blood gases,

intracranial haemorrhage, severe respiratory distress syndrome, seizures, perinatal death.

Notes Attrition bias: (D) more than 20% of participants excluded.

Study period: Nov 1981 - Feb 1985.

Allocation concealment B – Unclear

Study Sheffield 1978

Methods Sealed envelopes; randomisation details not described.
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Participants Mixed-risk women.

Total of 504 women participated with 253 in the CTG group and 251 in the IA group.

Interventions Continuous CTG without FBS versus intermittent auscultation.

CTG: internal.

Outcomes Analgesia/anaesthesia, duration of labour, intra or postpartum pyrexia, length of maternal postpartum stay.

Birthweight, congenital anomalies, length of hospital stay, type of labour onset, caesarean section, instru-

mental vaginal deliveries, normal deliveries, Apgar score (6 or less @ 1 min), NICU admission (including

reasons for admission), hypertonicity, umbilical cord blood gases, perinatal deaths.

Notes Attrition bias: (A) less than 3% of participants excluded.

Study period: July 1976 - June 1977.

Allocation concealment B – Unclear

CPAP: continuous positive airways pressure

CTG: cardiotocography

FBS: fetal blood sampling

FHR: fetal heart rate

HIE: hypoxic ischaemic encephalopathy

IA: intermittent auscultation

IV: intravenous

min: minutes

NICU: neonatal intensive care unit

PROM: preterm rupture of membranes

Characteristics of excluded studies

Study Reason for exclusion

Harare 1994 This randomised study did not include continuous CTG. Four randomised groups received (i) CTG 10 minutes

in every 30 minutes, (ii) Doppler ultrasound monitoring by research midwife, (iii) Pinard stethoscope by research

midwife or (iv) routine auscultation by Pinard (last 10 minutes of every 30 minutes).

Ioannina 2001 Non-randomised trial; 468 women in labour with cervical dilatation less than 5 cm who were continuously

monitored were compared with 346 women in whom CTG monitoring was commenced when cervix was more

than 4 cm dilated. According to the trial report the cohort was divided into two groups ’according to cervical

dilatation’.

Manchester 1982 This quasi-randomised study of 426 low risk women was excluded because there were no reported data for the

control group.

North America Study design compared CTG to CTG plus continuous fetal pulse oximetry.

CTG: cardiotocography

EFM: electronic fetal monitoring
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A D D I T I O N A L T A B L E S

Table 01. Additional descriptive information from included studies

Study

1 carer to

1 woman Induction ARM Oxytocin Mobility

Birth

positions

Women’s

views

Social

context

Experi-

ence of

staff

Athens

1993

Yes Induction

- 11%

overall

No infor-

mation

Augmen-

tation

- 46%

overall

No

mobility -

all women

with

IV line

inserted

Semi-

Fowler or

lateral

No infor-

mation

No infor-

mation

IA

standard

practice,

EFM

intensive

training

provided

Copen-

hagen

1985

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

EFM only

applied

when

women

no longer

wished

to walk

around.

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Dallas

1986

2 women :

1 nurse

Excluded

women

whose

labours

were

induced

No infor-

mation

Excluded

women

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Denver

1976

IA: yes

CTG: no

infoma-

tion

Included

women

whose

labours

were

induced

No infor-

mation

Included

women

given

oxytocin

for aug-

mentation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Denver

1979

Yes No

specific in-

formation

No infor-

mation

29% of

women

given

oxytocin

for aug-

mentation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Dublin

1985

Yes Included

women

whose

labours

were

induced

ARM

within an

hour of

admission

to check

liquor

23% of

women

given

oxytocin

for aug-

mentation

IA prob

more

mobile

No infor-

mation

Women’s

views

sought and

published

separately.

No infor-

mation

No infor-

mation

Lund

1994

No infor-

mation

Included

women

whose

labours

No infor-

mation

48% of

women

were given

ocytocin

Women

in CTG

group

offered

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation
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Table 01. Additional descriptive information from included studies (Continued )

Study

1 carer to

1 woman Induction ARM Oxytocin Mobility

Birth

positions

Women’s

views

Social

context

Experi-

ence of

staff

were

induced

for

induction

or acceler-

ation

telemetry

if wished

mobility

Mel-

bourne

1976

No infor-

mation

Induction

- 42%

overall

No infor-

mation

63% of

women

given

oxytocin

in labour

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Exp staff.

Mel-

bourne

1981

No infor-

mation

No infor-

mation

ARM

when in

established

labour

or for

obstetric

reasons

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Pakistan

1989

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Seattle

1987

Yes No infor-

mation

ARM at 7

cm unless

clinically

indicated

prior to 7

cm

Included

women

given

oxytocin

No infor-

mation

No infor-

mation

Women’s

views

sought and

published

separately.

No infor-

mation

No infor-

mation

Sheffield

1978

No infor-

mation

Included

women

whose

labours

were

induced

Augmen-

tation

with ARM

alone or in

combina-

tion with

oxytocin

if progress

fell below

nomo-

gram.

Oxytocin

was ad-

ministered

to all

women as

indicated

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

No infor-

mation

Table 02. Methods of fetal heart rate monitoring

Method Description

Fetal stethoscope (Pinard) - for intermittent monitoring (IA) This is a trumpet shaped device which is placed on the mother’s

abdomen and the caregiver listens for the heart beat at the other

end. This is a simple instrument of relatively low cost.

Hand-held Doppler ultrasound monitor - for intermittent The device is placed on the mother’s abdomen with gel smeared
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Table 02. Methods of fetal heart rate monitoring (Continued )

Method Description

monitoring (IA) on the underside of the ultrasound transducer. This allows the

ultrasound beam to travel from the fetal heart to the transducer

without interruption.

External cardiotocography - for continuous or intermittent

monitoring

The fetal heart rate and the activity of the uterine muscle are

detected by two transducers placed on the mother’s abdomen

(one above the fetal heart and the other at the fundus). Doppler

ultrasound provides the information which is recorded on a paper

strip known as a cardiotocograph (CTG).

Internal cardiotocography - for continuous monitoring An electrode is placed directly on the baby’s presenting part to

detect the fetal ECG signal. Again the signals are recorded on a

paper strip (CTG). This method can only be used if membranes

(fore-waters) have ruptured either spontaneously or artificially.

A N A L Y S E S

Comparison 01. Continuous CTG versus intermittent auscultation (all)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 11 18761 Relative Risk (Random) 95% CI 1.66 [1.30, 2.13]

02 Caesarean section for abnormal

FHR pattern and/or acidosis

12 33379 Relative Risk (Fixed) 95% CI 2.37 [1.88, 3.00]

03 Instrumental vaginal birth 10 18515 Relative Risk (Random) 95% CI 1.16 [1.01, 1.32]

04 Instrumental vaginal birth for

abnormal CTG or fetal acidosis

1 12964 Relative Risk (Fixed) 95% CI 2.54 [1.95, 3.31]

05 Spontaneous vaginal birth not

achieved

11 18761 Relative Risk (Fixed) 95% CI 1.27 [1.19, 1.36]

06 CS low CS versus high CS

(post hoc)

10 18761 Odds Ratio (Random) 95% CI 1.77 [1.31, 2.38]

07 Need for any analgesia (incl.

general)

3 2118 Relative Risk (Fixed) 95% CI 1.09 [1.01, 1.18]

08 Epidural analgesia 9 17630 Relative Risk (Fixed) 95% CI 1.00 [0.90, 1.12]

09 Use of pharmacological

analgesia during labour

4 1677 Relative Risk (Random) 95% CI 1.00 [0.93, 1.08]

12 Fetal blood sampling 2 13929 Relative Risk (Fixed) 95% CI 1.24 [1.03, 1.49]

13 Oxytocin during 1st and/or

2nd stage of labour

6 3683 Relative Risk (Random) 95% CI 1.08 [0.87, 1.35]

20 Apgar score < 7 at 5 minutes 5 4037 Relative Risk (Fixed) 95% CI 0.97 [0.72, 1.31]

21 Apgar score < 4 at 5 minutes 4 1919 Relative Risk (Fixed) 95% CI 1.43 [0.61, 3.34]

22 Cord blood acidosis 2 2494 Relative Risk (Random) 95% CI 0.92 [0.27, 3.11]

23 Neonatal ICU admissions 10 33067 Relative Risk (Fixed) 95% CI 1.01 [0.93, 1.10]

24 Length of stay on NICU 1 206 Weighted Mean Difference (Fixed) 95% CI 0.20 [-1.17, 1.57]

25 Hypoxic ischaemic

encephalopathy

1 1428 Relative Risk (Fixed) 95% CI 0.46 [0.04, 5.03]

26 Neonatal seizures 10 32386 Relative Risk (Fixed) 95% CI 0.50 [0.31, 0.80]

27 Perinatal death 12 33513 Relative Risk (Fixed) 95% CI 0.85 [0.59, 1.23]

28 Neurodevelopmental dissability

at at least 12 months of age

1 173 Relative Risk (Fixed) 95% CI 3.88 [0.83, 18.17]
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29 Cerebral palsy (CP) 2 13252 Relative Risk (Fixed) 95% CI 1.74 [0.97, 3.11]

30 Damage/infection from scalp

electrode or scalp sampling

2 665 Relative Risk (Fixed) 95% CI 2.99 [0.31, 28.61]

Comparison 02. Continuous CTG versus intermittent ausculatation (low risk)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 1 927 Relative Risk (Fixed) 95% CI 1.95 [0.91, 4.18]

02 Caesarean section for abnormal

FHR pattern and/or acidosis

2 15545 Relative Risk (Fixed) 95% CI 2.31 [1.49, 3.59]

03 Instrumental vaginal birth 1 927 Relative Risk (Fixed) 95% CI 1.29 [1.02, 1.62]

05 Spontaneous vaginal birth not

achieved

1 927 Relative Risk (Fixed) 95% CI 1.35 [1.09, 1.67]

23 Neonatal ICU admissions 2 15545 Relative Risk (Fixed) 95% CI 1.37 [1.01, 1.87]

26 Neonatal seizures 2 24671 Relative Risk (Fixed) 95% CI 0.36 [0.16, 0.81]

27 Perinatal death 2 15545 Relative Risk (Fixed) 95% CI 1.02 [0.31, 3.31]

Comparison 03. Continuous CTG versus intermittent auscultation (high risk)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 6 1969 Relative Risk (Fixed) 95% CI 2.02 [1.58, 2.57]

02 Caesarean section for abnormal

FHR pattern and/or acidosis

6 1969 Odds Ratio (Fixed) 95% CI 2.46 [1.69, 3.59]

03 Instrumental vaginal birth 5 1723 Relative Risk (Random) 95% CI 1.03 [0.85, 1.26]

05 Spontaneous vaginal birth not

achieved

6 1969 Relative Risk (Random) 95% CI 1.33 [1.11, 1.59]

07 Need for any analgesia (incl.

general)

2 690 Relative Risk (Fixed) 95% CI 1.06 [1.00, 1.12]

08 Epidural analgesia 5 1769 Relative Risk (Fixed) 95% CI 0.96 [0.82, 1.12]

09 Use of pharmacological

analgesia during labour

1 483 Relative Risk (Fixed) 95% CI 0.94 [0.85, 1.03]

13 Oxytocin during 1st and/or

2nd stage of labour

4 1286 Relative Risk (Fixed) 95% CI 0.99 [0.87, 1.13]

20 Apgar score < 7 at 5 minutes 1 200 Relative Risk (Fixed) 95% CI 0.75 [0.33, 1.70]

21 Apgar score < 4 at 5 minutes 3 941 Relative Risk (Fixed) 95% CI 1.65 [0.67, 4.07]

23 Neonatal ICU admissions 4 1528 Relative Risk (Random) 95% CI 0.80 [0.48, 1.33]

26 Neonatal seizures 6 4805 Relative Risk (Fixed) 95% CI 0.66 [0.36, 1.22]

27 Perinatal death 6 1974 Relative Risk (Fixed) 95% CI 1.02 [0.61, 1.71]

28 Neurodevelopmental dissability

at at least 12 months of age

1 173 Relative Risk (Fixed) 95% CI 3.88 [0.83, 18.17]

29 Cerebral palsy (CP) 1 173 Relative Risk (Fixed) 95% CI 2.54 [1.10, 5.86]

30 Damage/infection from scalp

electrode or scalp sampling

2 665 Relative Risk (Fixed) 95% CI 2.99 [0.31, 28.61]
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Comparison 04. Continuous CTG versus intermittent auscultation (preterm)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 1 246 Relative Risk (Fixed) 95% CI 1.02 [0.57, 1.82]

02 Caesarean section for abnormal

FHR pattern and/or acidosis

1 246 Relative Risk (Fixed) 95% CI 1.45 [0.57, 3.69]

05 Spontaneous vaginal birth not

achieved

1 246 Relative Risk (Fixed) 95% CI 1.28 [0.83, 1.99]

08 Epidural analgesia 1 246 Relative Risk (Fixed) 95% CI 1.07 [0.81, 1.42]

13 Oxytocin during 1st and/or

2nd stage of labour

1 246 Relative Risk (Fixed) 95% CI 0.83 [0.60, 1.16]

20 Apgar score < 4 at 5 minutes 1 246 Relative Risk (Fixed) 95% CI 2.29 [0.72, 7.23]

26 Neonatal seizures 1 246 Relative Risk (Fixed) 95% CI 1.02 [0.37, 2.81]

27 Perinatal death 1 246 Relative Risk (Fixed) 95% CI 0.96 [0.52, 1.77]

28 Neurodevelopmental dissability

at at least 12 months of age

1 173 Relative Risk (Fixed) 95% CI 3.88 [0.83, 18.17]

29 Cerebral palsy (CP) 1 173 Relative Risk (Fixed) 95% CI 2.54 [1.10, 5.86]

Comparison 05. Continuous CTG versus intermittent CTG

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 1 4044 Relative Risk (Fixed) 95% CI 1.29 [0.84, 1.97]

02 Caesarean section for abnormal

FHR pattern and/or acidosis

1 4044 Relative Risk (Fixed) 95% CI 1.19 [0.66, 2.15]

03 Instrumental vaginal birth 1 4044 Relative Risk (Fixed) 95% CI 1.16 [0.92, 1.46]

05 Spontaneous vaginal birth not

achieved

1 4044 Relative Risk (Fixed) 95% CI 1.19 [0.97, 1.45]

08 Epidural analgesia 1 4044 Relative Risk (Fixed) 95% CI 1.06 [0.92, 1.21]

20 Apgar score < 7 at 5 minutes 1 4044 Relative Risk (Fixed) 95% CI 2.65 [0.70, 9.97]

22 Cord blood acidosis 1 4044 Relative Risk (Fixed) 95% CI 1.43 [0.95, 2.14]

23 Neonatal ICU admissions 1 4044 Relative Risk (Fixed) 95% CI 1.34 [0.91, 1.98]

Comparison 06. Continuous CTG versus IA (high quality versus rest)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 10 18761 Relative Risk (Random) 95% CI 1.65 [1.28, 2.13]

02 Neonatal seizures 9 32386 Relative Risk (Fixed) 95% CI 0.50 [0.31, 0.80]

Comparison 07. Continuous CTG versus IA (high risk versus low risk)

Outcome title
No. of

studies

No. of

participants Statistical method Effect size

01 Caesarean section 6 2896 Relative Risk (Fixed) 95% CI 2.01 [1.60, 2.53]

02 Neonatal seizures 7 29476 Relative Risk (Fixed) 95% CI 0.52 [0.32, 0.85]
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G R A P H S A N D O T H E R T A B L E S

Analysis 01.01. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 01

Caesarean section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 28/482 18/487 8.8 1.57 [ 0.88, 2.80 ]

Denver 1979 26/229 7/116 6.1 1.88 [ 0.84, 4.20 ]

Dublin 1985 158/6474 144/6490 14.9 1.10 [ 0.88, 1.37 ]

Melbourne 1976 39/175 24/175 10.7 1.63 [ 1.02, 2.58 ]

Pakistan 1989 35/100 12/100 8.6 2.92 [ 1.61, 5.28 ]

Seattle 1987 19/122 19/124 8.8 1.02 [ 0.57, 1.82 ]

Subtotal (95% CI) 7582 7492 57.9 1.50 [ 1.10, 2.06 ]

Total events: 305 (CTG), 224 (Auscultation)

Test for heterogeneity chi-square=12.04 df=5 p=0.03 I² =58.5%

Test for overall effect z=2.54 p=0.01

02 Continuous CTG only

Athens 1993 71/746 59/682 13.0 1.10 [ 0.79, 1.53 ]

Denver 1976 40/242 16/241 9.2 2.49 [ 1.43, 4.32 ]

Denver 1979 41/230 6/115 5.9 3.42 [ 1.49, 7.81 ]

Melbourne 1981 18/445 10/482 6.6 1.95 [ 0.91, 4.18 ]

Sheffield 1978 24/253 11/251 7.3 2.16 [ 1.08, 4.32 ]

Subtotal (95% CI) 1916 1771 42.1 1.96 [ 1.24, 3.09 ]

Total events: 194 (CTG), 102 (Auscultation)

Test for heterogeneity chi-square=11.77 df=4 p=0.02 I² =66.0%

Test for overall effect z=2.88 p=0.004

Total (95% CI) 9498 9263 100.0 1.66 [ 1.30, 2.13 ]

Total events: 499 (CTG), 326 (Auscultation)

Test for heterogeneity chi-square=25.58 df=10 p=0.004 I² =60.9%

Test for overall effect z=3.99 p=0.00007

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA
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Analysis 01.02. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 02

Caesarean section for abnormal FHR pattern and/or acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 02 Caesarean section for abnormal FHR pattern and/or acidosis

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 8/482 7/487 7.1 1.15 [ 0.42, 3.16 ]

Denver 1979 8/229 1/116 1.4 4.05 [ 0.51, 32.01 ]

Dublin 1985 25/6474 10/6490 10.2 2.51 [ 1.20, 5.21 ]

Melbourne 1976 28/175 14/175 14.3 2.00 [ 1.09, 3.67 ]

Pakistan 1989 19/100 7/100 7.1 2.71 [ 1.19, 6.17 ]

Seattle 1987 10/122 7/124 7.1 1.45 [ 0.57, 3.69 ]

Subtotal (95% CI) 7582 7492 47.2 2.07 [ 1.47, 2.91 ]

Total events: 98 (CTG), 46 (Auscultation)

Test for heterogeneity chi-square=2.94 df=5 p=0.71 I² =0.0%

Test for overall effect z=4.16 p=0.00003

02 Continuous CTG only

Athens 1993 40/746 16/682 17.1 2.29 [ 1.29, 4.04 ]

Dallas 1986 64/7288 28/7330 28.5 2.30 [ 1.48, 3.58 ]

Denver 1976 18/242 3/241 3.1 5.98 [ 1.78, 20.02 ]

Denver 1979 16/230 0/115 0.7 16.57 [ 1.00, 273.78 ]

Melbourne 1981 1/445 0/482 0.5 3.25 [ 0.13, 79.55 ]

Sheffield 1978 4/253 3/251 3.1 1.32 [ 0.30, 5.85 ]

Subtotal (95% CI) 9204 9101 52.8 2.64 [ 1.92, 3.64 ]

Total events: 143 (CTG), 50 (Auscultation)

Test for heterogeneity chi-square=4.87 df=5 p=0.43 I² =0.0%

Test for overall effect z=5.94 p<0.00001

Total (95% CI) 16786 16593 100.0 2.37 [ 1.88, 3.00 ]

Total events: 241 (CTG), 96 (Auscultation)

Test for heterogeneity chi-square=8.47 df=11 p=0.67 I² =0.0%

Test for overall effect z=7.24 p<0.00001

0.001 0.01 0.1 1 10 100 1000

Favours CTG Favours IA
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Analysis 01.03. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 03

Instrumental vaginal birth

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 03 Instrumental vaginal birth

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 85/482 64/487 9.7 1.34 [ 1.00, 1.81 ]

Denver 1979 54/229 27/116 6.9 1.01 [ 0.68, 1.52 ]

Dublin 1985 528/6474 407/6490 16.2 1.30 [ 1.15, 1.47 ]

Melbourne 1976 70/175 67/175 10.9 1.04 [ 0.80, 1.36 ]

Pakistan 1989 38/100 27/100 6.8 1.41 [ 0.94, 2.12 ]

Subtotal (95% CI) 7460 7368 50.4 1.25 [ 1.13, 1.38 ]

Total events: 775 (CTG), 592 (Auscultation)

Test for heterogeneity chi-square=3.81 df=4 p=0.43 I² =0.0%

Test for overall effect z=4.45 p<0.00001

02 Continuous CTG only

Athens 1993 104/746 62/682 9.7 1.53 [ 1.14, 2.06 ]

Denver 1976 60/242 78/241 10.1 0.77 [ 0.58, 1.02 ]

Denver 1979 64/230 27/115 7.2 1.19 [ 0.80, 1.75 ]

Melbourne 1981 120/445 101/482 12.0 1.29 [ 1.02, 1.62 ]

Sheffield 1978 71/253 78/251 10.6 0.90 [ 0.69, 1.18 ]

Subtotal (95% CI) 1916 1771 49.6 1.10 [ 0.86, 1.41 ]

Total events: 419 (CTG), 346 (Auscultation)

Test for heterogeneity chi-square=15.03 df=4 p=0.005 I² =73.4%

Test for overall effect z=0.74 p=0.5

Total (95% CI) 9376 9139 100.0 1.16 [ 1.01, 1.32 ]

Total events: 1194 (CTG), 938 (Auscultation)

Test for heterogeneity chi-square=21.35 df=9 p=0.01 I² =57.8%

Test for overall effect z=2.16 p=0.03

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA
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Analysis 01.04. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 04

Instrumental vaginal birth for abnormal CTG or fetal acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 04 Instrumental vaginal birth for abnormal CTG or fetal acidosis

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Dublin 1985 190/6474 75/6490 100.0 2.54 [ 1.95, 3.31 ]

Subtotal (95% CI) 6474 6490 100.0 2.54 [ 1.95, 3.31 ]

Total events: 190 (CTG), 75 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=6.89 p<0.00001

02 Continuous CTG only

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 6474 6490 100.0 2.54 [ 1.95, 3.31 ]

Total events: 190 (CTG), 75 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=6.89 p<0.00001

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA
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Analysis 01.05. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 05

Spontaneous vaginal birth not achieved

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 05 Spontaneous vaginal birth not achieved

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 113/482 82/487 6.3 1.39 [ 1.08, 1.80 ]

Denver 1979 80/229 34/116 3.5 1.19 [ 0.85, 1.66 ]

Dublin 1985 686/6474 551/6490 42.5 1.25 [ 1.12, 1.39 ]

Melbourne 1976 109/175 91/175 7.0 1.20 [ 1.00, 1.44 ]

Pakistan 1989 73/100 39/100 3.0 1.87 [ 1.43, 2.46 ]

Seattle 1987 34/122 27/124 2.1 1.28 [ 0.83, 1.99 ]

Subtotal (95% CI) 7582 7492 64.4 1.28 [ 1.18, 1.39 ]

Total events: 1095 (CTG), 824 (Auscultation)

Test for heterogeneity chi-square=8.75 df=5 p=0.12 I² =42.9%

Test for overall effect z=6.03 p<0.00001

02 Continuous CTG only

Athens 1993 175/746 121/682 9.8 1.32 [ 1.07, 1.63 ]

Denver 1976 100/242 94/241 7.3 1.06 [ 0.85, 1.32 ]

Denver 1979 105/230 33/115 3.4 1.59 [ 1.15, 2.19 ]

Melbourne 1981 138/445 111/482 8.2 1.35 [ 1.09, 1.67 ]

Sheffield 1978 95/253 89/251 6.9 1.06 [ 0.84, 1.33 ]

Subtotal (95% CI) 1916 1771 35.6 1.25 [ 1.13, 1.38 ]

Total events: 613 (CTG), 448 (Auscultation)

Test for heterogeneity chi-square=7.11 df=4 p=0.13 I² =43.8%

Test for overall effect z=4.22 p=0.00002

Total (95% CI) 9498 9263 100.0 1.27 [ 1.19, 1.36 ]

Total events: 1708 (CTG), 1272 (Auscultation)

Test for heterogeneity chi-square=16.29 df=10 p=0.09 I² =38.6%

Test for overall effect z=7.36 p<0.00001
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Favours CTG Favours IA
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Analysis 01.06. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 06 CS low

CS versus high CS (post hoc)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 06 CS low CS versus high CS (post hoc)

Study CTG Auscultation Odds Ratio (Random) Weight Odds Ratio (Random)

n/N n/N 95% CI (%) 95% CI

01 Low CS rate

Athens 1993 71/746 59/682 13.2 1.11 [ 0.77, 1.60 ]

Copenhagen 1985 28/482 18/487 9.7 1.61 [ 0.88, 2.95 ]

Dublin 1985 158/6474 144/6490 14.9 1.10 [ 0.88, 1.39 ]

Melbourne 1981 18/445 10/482 7.6 1.99 [ 0.91, 4.36 ]

Sheffield 1978 24/253 11/251 8.1 2.29 [ 1.10, 4.77 ]

Subtotal (95% CI) 8400 8392 53.6 1.32 [ 1.02, 1.70 ]

Total events: 299 (CTG), 242 (Auscultation)

Test for heterogeneity chi-square=6.10 df=4 p=0.19 I² =34.4%

Test for overall effect z=2.13 p=0.03

02 High CS rate

Denver 1976 40/242 16/241 9.7 2.78 [ 1.51, 5.13 ]

Denver 1979 67/459 13/231 9.6 2.87 [ 1.55, 5.31 ]

Melbourne 1976 39/175 24/175 10.3 1.80 [ 1.03, 3.15 ]

Pakistan 1989 35/100 12/100 8.2 3.95 [ 1.90, 8.19 ]

Seattle 1987 19/122 19/124 8.7 1.02 [ 0.51, 2.04 ]

Subtotal (95% CI) 1098 871 46.4 2.24 [ 1.46, 3.44 ]

Total events: 200 (CTG), 84 (Auscultation)

Test for heterogeneity chi-square=8.99 df=4 p=0.06 I² =55.5%

Test for overall effect z=3.71 p=0.0002

Total (95% CI) 9498 9263 100.0 1.77 [ 1.31, 2.38 ]

Total events: 499 (CTG), 326 (Auscultation)

Test for heterogeneity chi-square=27.79 df=9 p=0.001 I² =67.6%

Test for overall effect z=3.77 p=0.0002
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Analysis 01.07. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 07 Need for

any analgesia (incl. general)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 07 Need for any analgesia (incl. general)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 211/229 101/116 40.0 1.06 [ 0.98, 1.15 ]

Subtotal (95% CI) 229 116 40.0 1.06 [ 0.98, 1.15 ]

Total events: 211 (CTG), 101 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.39 p=0.2

02 Continuous CTG only

Athens 1993 87/746 65/682 20.3 1.22 [ 0.90, 1.66 ]

Denver 1979 213/230 100/115 39.8 1.07 [ 0.98, 1.15 ]

Subtotal (95% CI) 976 797 60.0 1.12 [ 0.99, 1.26 ]

Total events: 300 (CTG), 165 (Auscultation)

Test for heterogeneity chi-square=1.79 df=1 p=0.18 I² =44.2%

Test for overall effect z=1.84 p=0.07

Total (95% CI) 1205 913 100.0 1.09 [ 1.01, 1.18 ]

Total events: 511 (CTG), 266 (Auscultation)

Test for heterogeneity chi-square=1.65 df=2 p=0.44 I² =0.0%

Test for overall effect z=2.25 p=0.02
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Analysis 01.08. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 08 Epidural

analgesia

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 08 Epidural analgesia

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 51/482 34/487 6.1 1.52 [ 1.00, 2.30 ]

Denver 1979 40/229 24/116 5.8 0.84 [ 0.54, 1.33 ]

Dublin 1985 194/6474 195/6486 35.3 1.00 [ 0.82, 1.21 ]

Melbourne 1976 50/175 43/175 7.8 1.16 [ 0.82, 1.65 ]

Seattle 1987 56/122 53/124 9.5 1.07 [ 0.81, 1.42 ]

Subtotal (95% CI) 7482 7388 64.5 1.06 [ 0.93, 1.22 ]

Total events: 391 (CTG), 349 (Auscultation)

Test for heterogeneity chi-square=4.46 df=4 p=0.35 I² =10.4%

Test for overall effect z=0.90 p=0.4

02 Continuous CTG only

Athens 1993 2/746 2/682 0.4 0.91 [ 0.13, 6.47 ]

Denver 1976 51/242 69/241 12.5 0.74 [ 0.54, 1.01 ]

Denver 1979 53/230 24/115 5.8 1.10 [ 0.72, 1.69 ]

Sheffield 1978 87/253 92/251 16.7 0.94 [ 0.74, 1.19 ]

Subtotal (95% CI) 1471 1289 35.5 0.89 [ 0.75, 1.06 ]

Total events: 193 (CTG), 187 (Auscultation)

Test for heterogeneity chi-square=2.56 df=3 p=0.46 I² =0.0%

Test for overall effect z=1.28 p=0.2

Total (95% CI) 8953 8677 100.0 1.00 [ 0.90, 1.12 ]

Total events: 584 (CTG), 536 (Auscultation)

Test for heterogeneity chi-square=9.49 df=8 p=0.30 I² =15.7%

Test for overall effect z=0.06 p=0.9

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

34Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 01.09. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 09 Use of

pharmacological analgesia during labour

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 09 Use of pharmacological analgesia during labour

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 209/229 100/116 28.8 1.06 [ 0.97, 1.15 ]

Subtotal (95% CI) 229 116 28.8 1.06 [ 0.97, 1.15 ]

Total events: 209 (CTG), 100 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.35 p=0.2

02 Continuous CTG only

Denver 1976 183/242 194/241 26.1 0.94 [ 0.85, 1.03 ]

Denver 1979 209/230 99/115 28.6 1.06 [ 0.97, 1.15 ]

Sheffield 1978 141/253 152/251 16.5 0.92 [ 0.79, 1.07 ]

Subtotal (95% CI) 725 607 71.2 0.98 [ 0.89, 1.08 ]

Total events: 533 (CTG), 445 (Auscultation)

Test for heterogeneity chi-square=5.05 df=2 p=0.08 I² =60.4%

Test for overall effect z=0.44 p=0.7

Total (95% CI) 954 723 100.0 1.00 [ 0.93, 1.08 ]

Total events: 742 (CTG), 545 (Auscultation)

Test for heterogeneity chi-square=7.21 df=3 p=0.07 I² =58.4%

Test for overall effect z=0.05 p=1
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Analysis 01.12. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 12 Fetal

blood sampling

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 12 Fetal blood sampling

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 3/482 2/487 1.0 1.52 [ 0.25, 9.03 ]

Dublin 1985 240/6474 194/6486 99.0 1.24 [ 1.03, 1.49 ]

Subtotal (95% CI) 6956 6973 100.0 1.24 [ 1.03, 1.49 ]

Total events: 243 (CTG), 196 (Auscultation)

Test for heterogeneity chi-square=0.05 df=1 p=0.83 I² =0.0%

Test for overall effect z=2.30 p=0.02

02 Continuous CTG only

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 6956 6973 100.0 1.24 [ 1.03, 1.49 ]

Total events: 243 (CTG), 196 (Auscultation)

Test for heterogeneity chi-square=0.05 df=1 p=0.83 I² =0.0%

Test for overall effect z=2.30 p=0.02
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Analysis 01.13. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 13

Oxytocin during 1st and/or 2nd stage of labour

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 13 Oxytocin during 1st and/or 2nd stage of labour

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 194/482 195/487 19.1 1.01 [ 0.86, 1.17 ]

Denver 1979 76/229 32/116 13.8 1.20 [ 0.85, 1.70 ]

Melbourne 1976 109/175 110/175 18.9 0.99 [ 0.84, 1.17 ]

Seattle 1987 41/122 50/124 14.3 0.83 [ 0.60, 1.16 ]

Subtotal (95% CI) 1008 902 66.3 1.00 [ 0.90, 1.10 ]

Total events: 420 (CTG), 387 (Auscultation)

Test for heterogeneity chi-square=2.29 df=3 p=0.52 I² =0.0%

Test for overall effect z=0.06 p=1

02 Continuous CTG only

Athens 1993 508/746 308/682 20.3 1.51 [ 1.37, 1.66 ]

Denver 1979 63/230 32/115 13.4 0.98 [ 0.69, 1.41 ]

Subtotal (95% CI) 976 797 33.7 1.26 [ 0.83, 1.91 ]

Total events: 571 (CTG), 340 (Auscultation)

Test for heterogeneity chi-square=5.06 df=1 p=0.02 I² =80.2%

Test for overall effect z=1.11 p=0.3

Total (95% CI) 1984 1699 100.0 1.08 [ 0.87, 1.35 ]

Total events: 991 (CTG), 727 (Auscultation)

Test for heterogeneity chi-square=37.64 df=5 p=<0.0001 I² =86.7%

Test for overall effect z=0.71 p=0.5
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Analysis 01.20. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 20 Apgar

score < 7 at 5 minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 20 Apgar score < 7 at 5 minutes

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 0/485 2/493 3.0 0.20 [ 0.01, 4.22 ]

Pakistan 1989 9/100 12/100 14.5 0.75 [ 0.33, 1.70 ]

Subtotal (95% CI) 585 593 17.5 0.66 [ 0.30, 1.43 ]

Total events: 9 (CTG), 14 (Auscultation)

Test for heterogeneity chi-square=0.68 df=1 p=0.41 I² =0.0%

Test for overall effect z=1.06 p=0.3

02 Continuous CTG only

Athens 1993 31/746 26/682 32.9 1.09 [ 0.65, 1.82 ]

Melbourne 1981 39/445 40/482 46.5 1.06 [ 0.69, 1.61 ]

Sheffield 1978 0/253 2/251 3.0 0.20 [ 0.01, 4.11 ]

Subtotal (95% CI) 1444 1415 82.5 1.04 [ 0.75, 1.43 ]

Total events: 70 (CTG), 68 (Auscultation)

Test for heterogeneity chi-square=1.19 df=2 p=0.55 I² =0.0%

Test for overall effect z=0.23 p=0.8

Total (95% CI) 2029 2008 100.0 0.97 [ 0.72, 1.31 ]

Total events: 79 (CTG), 82 (Auscultation)

Test for heterogeneity chi-square=2.81 df=4 p=0.59 I² =0.0%

Test for overall effect z=0.19 p=0.8
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Analysis 01.21. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 21 Apgar

score < 4 at 5 minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 21 Apgar score < 4 at 5 minutes

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 0/485 1/493 16.9 0.34 [ 0.01, 8.30 ]

Denver 1979 0/230 1/116 22.7 0.17 [ 0.01, 4.11 ]

Seattle 1987 9/122 4/124 45.2 2.29 [ 0.72, 7.23 ]

Subtotal (95% CI) 837 733 84.8 1.33 [ 0.53, 3.33 ]

Total events: 9 (CTG), 6 (Auscultation)

Test for heterogeneity chi-square=3.16 df=2 p=0.21 I² =36.7%

Test for overall effect z=0.61 p=0.5

02 Continuous CTG only

Denver 1979 4/233 1/116 15.2 1.99 [ 0.23, 17.62 ]

Subtotal (95% CI) 233 116 15.2 1.99 [ 0.23, 17.62 ]

Total events: 4 (CTG), 1 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.62 p=0.5

Total (95% CI) 1070 849 100.0 1.43 [ 0.61, 3.34 ]

Total events: 13 (CTG), 7 (Auscultation)

Test for heterogeneity chi-square=3.23 df=3 p=0.36 I² =7.0%

Test for overall effect z=0.83 p=0.4
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Analysis 01.22. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 22 Cord

blood acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 22 Cord blood acidosis

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Dublin 1985 5/540 11/535 43.6 0.45 [ 0.16, 1.29 ]

Subtotal (95% CI) 540 535 43.6 0.45 [ 0.16, 1.29 ]

Total events: 5 (CTG), 11 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.49 p=0.1

02 Continuous CTG only

Athens 1993 31/739 18/680 56.4 1.58 [ 0.89, 2.81 ]

Subtotal (95% CI) 739 680 56.4 1.58 [ 0.89, 2.81 ]

Total events: 31 (CTG), 18 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.58 p=0.1

Total (95% CI) 1279 1215 100.0 0.92 [ 0.27, 3.11 ]

Total events: 36 (CTG), 29 (Auscultation)

Test for heterogeneity chi-square=4.26 df=1 p=0.04 I² =76.5%

Test for overall effect z=0.14 p=0.9
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Analysis 01.23. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 23

Neonatal ICU admissions

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 23 Neonatal ICU admissions

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 51/485 49/493 5.4 1.06 [ 0.73, 1.53 ]

Denver 1979 29/230 15/116 2.2 0.98 [ 0.54, 1.75 ]

Dublin 1985 547/6530 543/6554 60.2 1.01 [ 0.90, 1.13 ]

Melbourne 1976 11/175 30/175 3.3 0.37 [ 0.19, 0.71 ]

Subtotal (95% CI) 7420 7338 71.2 0.98 [ 0.89, 1.09 ]

Total events: 638 (CTG), 637 (Auscultation)

Test for heterogeneity chi-square=9.01 df=3 p=0.03 I² =66.7%

Test for overall effect z=0.31 p=0.8

02 Continuous CTG only

Athens 1993 104/746 102/682 11.8 0.93 [ 0.72, 1.20 ]

Dallas 1986 25/7288 17/7330 1.9 1.48 [ 0.80, 2.74 ]

Denver 1976 35/242 28/241 3.1 1.24 [ 0.78, 1.98 ]

Denver 1979 23/233 14/116 2.1 0.82 [ 0.44, 1.53 ]

Melbourne 1981 59/445 48/482 5.1 1.33 [ 0.93, 1.91 ]

Sheffield 1978 45/253 43/251 4.8 1.04 [ 0.71, 1.52 ]

Subtotal (95% CI) 9207 9102 28.8 1.08 [ 0.92, 1.27 ]

Total events: 291 (CTG), 252 (Auscultation)

Test for heterogeneity chi-square=4.78 df=5 p=0.44 I² =0.0%

Test for overall effect z=0.98 p=0.3

Total (95% CI) 16627 16440 100.0 1.01 [ 0.93, 1.10 ]

Total events: 929 (CTG), 889 (Auscultation)

Test for heterogeneity chi-square=14.55 df=9 p=0.10 I² =38.2%

Test for overall effect z=0.26 p=0.8
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Analysis 01.24. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 24 Length

of stay on NICU

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 24 Length of stay on NICU

Study CTG Auscultation Weighted Mean Difference (Fixed) Weight Weighted Mean Difference (Fixed)

N Mean(SD) N Mean(SD) 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Athens 1993 104 5.20 (5.00) 102 5.00 (5.00) 100.0 0.20 [ -1.17, 1.57 ]

Subtotal (95% CI) 104 102 100.0 0.20 [ -1.17, 1.57 ]

Test for heterogeneity: not applicable

Test for overall effect z=0.29 p=0.8

Total (95% CI) 104 102 100.0 0.20 [ -1.17, 1.57 ]

Test for heterogeneity: not applicable

Test for overall effect z=0.29 p=0.8
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Analysis 01.25. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 25 Hypoxic

ischaemic encephalopathy

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 25 Hypoxic ischaemic encephalopathy

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Athens 1993 1/746 2/682 100.0 0.46 [ 0.04, 5.03 ]

Subtotal (95% CI) 746 682 100.0 0.46 [ 0.04, 5.03 ]

Total events: 1 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.64 p=0.5
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(. . . Continued)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Total (95% CI) 746 682 100.0 0.46 [ 0.04, 5.03 ]

Total events: 1 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.64 p=0.5
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Analysis 01.26. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 26

Neonatal seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 26 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

x Copenhagen 1985 0/485 0/493 0.0 Not estimable

Denver 1979 0/230 1/116 3.9 0.17 [ 0.01, 4.11 ]

Dublin 1985 12/6530 27/6554 53.0 0.45 [ 0.23, 0.88 ]

Melbourne 1976 0/175 4/175 8.9 0.11 [ 0.01, 2.05 ]

Seattle 1987 7/122 7/124 13.7 1.02 [ 0.37, 2.81 ]

Subtotal (95% CI) 7542 7462 79.4 0.49 [ 0.29, 0.84 ]

Total events: 19 (CTG), 39 (Auscultation)

Test for heterogeneity chi-square=3.46 df=3 p=0.33 I² =13.4%

Test for overall effect z=2.61 p=0.009

02 Continuous CTG only

Athens 1993 0/746 2/682 5.1 0.18 [ 0.01, 3.80 ]

Dallas 1986 1/7288 3/7330 5.9 0.34 [ 0.03, 3.22 ]

Denver 1976 2/242 2/241 3.9 1.00 [ 0.14, 7.01 ]

Denver 1979 2/233 1/116 2.6 1.00 [ 0.09, 10.87 ]

Sheffield 1978 0/253 1/251 3.0 0.33 [ 0.01, 8.08 ]

Subtotal (95% CI) 8762 8620 20.6 0.51 [ 0.18, 1.44 ]

Total events: 5 (CTG), 9 (Auscultation)

Test for heterogeneity chi-square=1.40 df=4 p=0.84 I² =0.0%

Test for overall effect z=1.28 p=0.2
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Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Total (95% CI) 16304 16082 100.0 0.50 [ 0.31, 0.80 ]

Total events: 24 (CTG), 48 (Auscultation)

Test for heterogeneity chi-square=4.86 df=8 p=0.77 I² =0.0%

Test for overall effect z=2.91 p=0.004
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Analysis 01.27. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 27 Perinatal

death

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 27 Perinatal death

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Copenhagen 1985 2/485 3/493 5.0 0.68 [ 0.11, 4.04 ]

Denver 1979 1/230 0/116 1.1 1.52 [ 0.06, 37.01 ]

Dublin 1985 14/6530 14/6554 23.5 1.00 [ 0.48, 2.10 ]

Melbourne 1976 1/175 1/175 1.7 1.00 [ 0.06, 15.86 ]

Pakistan 1989 4/100 5/100 8.4 0.80 [ 0.22, 2.89 ]

Seattle 1987 17/122 18/124 30.0 0.96 [ 0.52, 1.77 ]

Subtotal (95% CI) 7642 7562 69.7 0.95 [ 0.62, 1.44 ]

Total events: 39 (CTG), 41 (Auscultation)

Test for heterogeneity chi-square=0.31 df=5 p=1.00 I² =0.0%

Test for overall effect z=0.26 p=0.8

02 Continuous CTG only

Athens 1993 2/746 9/682 15.8 0.20 [ 0.04, 0.94 ]

Dallas 1986 4/7288 5/7330 8.4 0.80 [ 0.22, 3.00 ]

Denver 1976 2/242 1/241 1.7 1.99 [ 0.18, 21.82 ]

Denver 1979 2/233 0/116 1.1 2.50 [ 0.12, 51.65 ]

Melbourne 1981 1/445 0/482 0.8 3.25 [ 0.13, 79.55 ]

Sheffield 1978 0/253 1/251 2.5 0.33 [ 0.01, 8.08 ]

Subtotal (95% CI) 9207 9102 30.3 0.65 [ 0.31, 1.35 ]
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(. . . Continued)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Total events: 11 (CTG), 16 (Auscultation)

Test for heterogeneity chi-square=5.07 df=5 p=0.41 I² =1.4%

Test for overall effect z=1.17 p=0.2

Total (95% CI) 16849 16664 100.0 0.85 [ 0.59, 1.23 ]

Total events: 50 (CTG), 57 (Auscultation)

Test for heterogeneity chi-square=5.90 df=11 p=0.88 I² =0.0%

Test for overall effect z=0.85 p=0.4
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Analysis 01.28. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 28

Neurodevelopmental dissability at at least 12 months of age

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 28 Neurodevelopmental dissability at at least 12 months of age

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 7/82 2/91 100.0 3.88 [ 0.83, 18.17 ]

Subtotal (95% CI) 82 91 100.0 3.88 [ 0.83, 18.17 ]

Total events: 7 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.08

02 Continuous CTG only

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 82 91 100.0 3.88 [ 0.83, 18.17 ]

Total events: 7 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.08
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Analysis 01.29. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 29 Cerebral

palsy (CP)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 29 Cerebral palsy (CP)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Dublin 1985 12/6527 10/6552 60.1 1.20 [ 0.52, 2.79 ]

Seattle 1987 16/82 7/91 39.9 2.54 [ 1.10, 5.86 ]

Subtotal (95% CI) 6609 6643 100.0 1.74 [ 0.97, 3.11 ]

Total events: 28 (CTG), 17 (Auscultation)

Test for heterogeneity chi-square=1.52 df=1 p=0.22 I² =34.2%

Test for overall effect z=1.86 p=0.06

02 Continuous CTG only

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 6609 6643 100.0 1.74 [ 0.97, 3.11 ]

Total events: 28 (CTG), 17 (Auscultation)

Test for heterogeneity chi-square=1.52 df=1 p=0.22 I² =34.2%

Test for overall effect z=1.86 p=0.06
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Analysis 01.30. Comparison 01 Continuous CTG versus intermittent auscultation (all), Outcome 30 Damage/

infection from scalp electrode or scalp sampling

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 01 Continuous CTG versus intermittent auscultation (all)

Outcome: 30 Damage/infection from scalp electrode or scalp sampling

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Pakistan 1989 1/100 0/100 49.9 3.00 [ 0.12, 72.77 ]

Subtotal (95% CI) 100 100 49.9 3.00 [ 0.12, 72.77 ]

Total events: 1 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.68 p=0.5

02 Continuous CTG only

Denver 1979 1/233 0/232 50.1 2.99 [ 0.12, 72.95 ]

Subtotal (95% CI) 233 232 50.1 2.99 [ 0.12, 72.95 ]

Total events: 1 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.67 p=0.5

Total (95% CI) 333 332 100.0 2.99 [ 0.31, 28.61 ]

Total events: 2 (CTG), 0 (Auscultation)

Test for heterogeneity chi-square=0.00 df=1 p=1.00 I² =0.0%

Test for overall effect z=0.95 p=0.3
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Analysis 02.01. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 01

Caesarean section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Melbourne 1981 18/445 10/482 100.0 1.95 [ 0.91, 4.18 ]

Subtotal (95% CI) 445 482 100.0 1.95 [ 0.91, 4.18 ]

Total events: 18 (CTG), 10 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.09

Total (95% CI) 445 482 100.0 1.95 [ 0.91, 4.18 ]

Total events: 18 (CTG), 10 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.09
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Analysis 02.02. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 02

Caesarean section for abnormal FHR pattern and/or acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 02 Caesarean section for abnormal FHR pattern and/or acidosis

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Dallas 1986 64/7288 28/7330 98.3 2.30 [ 1.48, 3.58 ]

Melbourne 1981 1/445 0/482 1.7 3.25 [ 0.13, 79.55 ]

Subtotal (95% CI) 7733 7812 100.0 2.31 [ 1.49, 3.59 ]

Total events: 65 (CTG), 28 (Auscultation)

Test for heterogeneity chi-square=0.04 df=1 p=0.83 I² =0.0%

Test for overall effect z=3.75 p=0.0002

Total (95% CI) 7733 7812 100.0 2.31 [ 1.49, 3.59 ]

Total events: 65 (CTG), 28 (Auscultation)

Test for heterogeneity chi-square=0.04 df=1 p=0.83 I² =0.0%

Test for overall effect z=3.75 p=0.0002

0.01 0.1 1 10 100

Favours CTG Favours IA

49Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 02.03. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 03

Instrumental vaginal birth

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 03 Instrumental vaginal birth

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Melbourne 1981 120/445 101/482 100.0 1.29 [ 1.02, 1.62 ]

Subtotal (95% CI) 445 482 100.0 1.29 [ 1.02, 1.62 ]

Total events: 120 (CTG), 101 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.14 p=0.03

Total (95% CI) 445 482 100.0 1.29 [ 1.02, 1.62 ]

Total events: 120 (CTG), 101 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.14 p=0.03
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Analysis 02.05. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 05

Spontaneous vaginal birth not achieved

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 05 Spontaneous vaginal birth not achieved

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Melbourne 1981 138/445 111/482 100.0 1.35 [ 1.09, 1.67 ]

Subtotal (95% CI) 445 482 100.0 1.35 [ 1.09, 1.67 ]

Total events: 138 (CTG), 111 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.72 p=0.006

Total (95% CI) 445 482 100.0 1.35 [ 1.09, 1.67 ]

Total events: 138 (CTG), 111 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.72 p=0.006
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Analysis 02.23. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 23

Neonatal ICU admissions

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 23 Neonatal ICU admissions

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Dallas 1986 25/7288 17/7330 26.9 1.48 [ 0.80, 2.74 ]

Melbourne 1981 59/445 48/482 73.1 1.33 [ 0.93, 1.91 ]

Subtotal (95% CI) 7733 7812 100.0 1.37 [ 1.01, 1.87 ]

Total events: 84 (CTG), 65 (Auscultation)

Test for heterogeneity chi-square=0.08 df=1 p=0.77 I² =0.0%

Test for overall effect z=1.99 p=0.05

Total (95% CI) 7733 7812 100.0 1.37 [ 1.01, 1.87 ]

Total events: 84 (CTG), 65 (Auscultation)

Test for heterogeneity chi-square=0.08 df=1 p=0.77 I² =0.0%

Test for overall effect z=1.99 p=0.05
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Analysis 02.26. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 26

Neonatal seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 26 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Dublin 1985 7/5038 19/5015 86.4 0.37 [ 0.15, 0.87 ]

Subtotal (95% CI) 5038 5015 86.4 0.37 [ 0.15, 0.87 ]

Total events: 7 (CTG), 19 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.27 p=0.02

02 Continuous CTG only

Dallas 1986 1/7288 3/7330 13.6 0.34 [ 0.03, 3.22 ]

Subtotal (95% CI) 7288 7330 13.6 0.34 [ 0.03, 3.22 ]

Total events: 1 (CTG), 3 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.95 p=0.3

Total (95% CI) 12326 12345 100.0 0.36 [ 0.16, 0.81 ]

Total events: 8 (CTG), 22 (Auscultation)

Test for heterogeneity chi-square=0.01 df=1 p=0.94 I² =0.0%

Test for overall effect z=2.46 p=0.01
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Analysis 02.27. Comparison 02 Continuous CTG versus intermittent ausculatation (low risk), Outcome 27

Perinatal death

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 02 Continuous CTG versus intermittent ausculatation (low risk)

Outcome: 27 Perinatal death

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Dallas 1986 4/7288 5/7330 91.2 0.80 [ 0.22, 3.00 ]

Melbourne 1981 1/445 0/482 8.8 3.25 [ 0.13, 79.55 ]

Subtotal (95% CI) 7733 7812 100.0 1.02 [ 0.31, 3.31 ]

Total events: 5 (CTG), 5 (Auscultation)

Test for heterogeneity chi-square=0.63 df=1 p=0.43 I² =0.0%

Test for overall effect z=0.03 p=1

Total (95% CI) 7733 7812 100.0 1.02 [ 0.31, 3.31 ]

Total events: 5 (CTG), 5 (Auscultation)

Test for heterogeneity chi-square=0.63 df=1 p=0.43 I² =0.0%

Test for overall effect z=0.03 p=1
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Analysis 03.01. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 01

Caesarean section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 26/229 7/116 10.5 1.88 [ 0.84, 4.20 ]

Melbourne 1976 39/175 24/175 27.2 1.63 [ 1.02, 2.58 ]

Pakistan 1989 35/100 12/100 13.6 2.92 [ 1.61, 5.28 ]

Seattle 1987 19/122 19/124 21.4 1.02 [ 0.57, 1.82 ]

Subtotal (95% CI) 626 515 72.7 1.72 [ 1.30, 2.29 ]

Total events: 119 (CTG), 62 (Auscultation)

Test for heterogeneity chi-square=6.25 df=3 p=0.10 I² =52.0%

Test for overall effect z=3.75 p=0.0002

02 Continuous CTG only

Denver 1976 40/242 16/241 18.2 2.49 [ 1.43, 4.32 ]

Denver 1979 41/230 6/115 9.1 3.42 [ 1.49, 7.81 ]

Subtotal (95% CI) 472 356 27.3 2.80 [ 1.76, 4.44 ]

Total events: 81 (CTG), 22 (Auscultation)

Test for heterogeneity chi-square=0.40 df=1 p=0.53 I² =0.0%

Test for overall effect z=4.37 p=0.00001

Total (95% CI) 1098 871 100.0 2.02 [ 1.58, 2.57 ]

Total events: 200 (CTG), 84 (Auscultation)

Test for heterogeneity chi-square=9.74 df=5 p=0.08 I² =48.7%

Test for overall effect z=5.67 p<0.00001
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Analysis 03.02. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 02

Caesarean section for abnormal FHR pattern and/or acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 02 Caesarean section for abnormal FHR pattern and/or acidosis

Study CTG Auscultation Odds Ratio (Fixed) Weight Odds Ratio (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 8/229 1/116 3.4 4.16 [ 0.51, 33.69 ]

Melbourne 1976 28/175 14/175 30.9 2.19 [ 1.11, 4.32 ]

Pakistan 1989 19/100 7/100 14.9 3.12 [ 1.25, 7.79 ]

Seattle 1987 19/122 19/124 41.8 1.02 [ 0.51, 2.04 ]

Subtotal (95% CI) 626 515 91.1 1.88 [ 1.25, 2.83 ]

Total events: 74 (CTG), 41 (Auscultation)

Test for heterogeneity chi-square=4.93 df=3 p=0.18 I² =39.1%

Test for overall effect z=3.01 p=0.003

02 Continuous CTG only

Denver 1976 18/242 3/241 7.3 6.38 [ 1.85, 21.94 ]

Denver 1979 16/230 0/115 1.6 17.77 [ 1.06, 298.88 ]

Subtotal (95% CI) 472 356 8.9 8.45 [ 2.72, 26.27 ]

Total events: 34 (CTG), 3 (Auscultation)

Test for heterogeneity chi-square=0.47 df=1 p=0.49 I² =0.0%

Test for overall effect z=3.69 p=0.0002

Total (95% CI) 1098 871 100.0 2.46 [ 1.69, 3.59 ]

Total events: 108 (CTG), 44 (Auscultation)

Test for heterogeneity chi-square=11.02 df=5 p=0.05 I² =54.6%

Test for overall effect z=4.72 p<0.00001
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Analysis 03.03. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 03

Instrumental vaginal birth

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 03 Instrumental vaginal birth

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 54/229 27/116 16.2 1.01 [ 0.68, 1.52 ]

Melbourne 1976 70/175 67/175 26.5 1.04 [ 0.80, 1.36 ]

Pakistan 1989 38/100 27/100 16.0 1.41 [ 0.94, 2.12 ]

Subtotal (95% CI) 504 391 58.7 1.11 [ 0.91, 1.35 ]

Total events: 162 (CTG), 121 (Auscultation)

Test for heterogeneity chi-square=1.70 df=2 p=0.43 I² =0.0%

Test for overall effect z=1.05 p=0.3

02 Continuous CTG only

Denver 1976 60/242 78/241 24.3 0.77 [ 0.58, 1.02 ]

Denver 1979 64/230 27/115 17.0 1.19 [ 0.80, 1.75 ]

Subtotal (95% CI) 472 356 41.3 0.93 [ 0.61, 1.43 ]

Total events: 124 (CTG), 105 (Auscultation)

Test for heterogeneity chi-square=3.13 df=1 p=0.08 I² =68.1%

Test for overall effect z=0.32 p=0.7

Total (95% CI) 976 747 100.0 1.03 [ 0.85, 1.26 ]

Total events: 286 (CTG), 226 (Auscultation)

Test for heterogeneity chi-square=6.85 df=4 p=0.14 I² =41.6%

Test for overall effect z=0.32 p=0.8
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Analysis 03.05. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 05

Spontaneous vaginal birth not achieved

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 05 Spontaneous vaginal birth not achieved

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 80/229 34/116 14.5 1.19 [ 0.85, 1.66 ]

Melbourne 1976 109/175 91/175 22.2 1.20 [ 1.00, 1.44 ]

Pakistan 1989 73/100 39/100 17.4 1.87 [ 1.43, 2.46 ]

Seattle 1987 34/122 27/124 10.6 1.28 [ 0.83, 1.99 ]

Subtotal (95% CI) 626 515 64.7 1.36 [ 1.08, 1.72 ]

Total events: 296 (CTG), 191 (Auscultation)

Test for heterogeneity chi-square=7.73 df=3 p=0.05 I² =61.2%

Test for overall effect z=2.61 p=0.009

02 Continuous CTG only

Denver 1976 100/242 94/241 20.3 1.06 [ 0.85, 1.32 ]

Denver 1979 105/230 33/115 15.1 1.59 [ 1.15, 2.19 ]

Subtotal (95% CI) 472 356 35.3 1.28 [ 0.86, 1.90 ]

Total events: 205 (CTG), 127 (Auscultation)

Test for heterogeneity chi-square=4.27 df=1 p=0.04 I² =76.6%

Test for overall effect z=1.20 p=0.2

Total (95% CI) 1098 871 100.0 1.33 [ 1.11, 1.59 ]

Total events: 501 (CTG), 318 (Auscultation)

Test for heterogeneity chi-square=12.79 df=5 p=0.03 I² =60.9%

Test for overall effect z=3.06 p=0.002
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Analysis 03.07. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 07

Need for any analgesia (incl. general)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 07 Need for any analgesia (incl. general)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 211/229 101/116 50.1 1.06 [ 0.98, 1.15 ]

Subtotal (95% CI) 229 116 50.1 1.06 [ 0.98, 1.15 ]

Total events: 211 (CTG), 101 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.39 p=0.2

02 Continuous CTG only

Denver 1979 213/230 100/115 49.9 1.07 [ 0.98, 1.15 ]

Subtotal (95% CI) 230 115 49.9 1.07 [ 0.98, 1.15 ]

Total events: 213 (CTG), 100 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.55 p=0.1

Total (95% CI) 459 231 100.0 1.06 [ 1.00, 1.12 ]

Total events: 424 (CTG), 201 (Auscultation)

Test for heterogeneity chi-square=0.01 df=1 p=0.91 I² =0.0%

Test for overall effect z=2.08 p=0.04

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

59Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 03.08. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 08

Epidural analgesia

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 08 Epidural analgesia

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 40/229 24/116 13.9 0.84 [ 0.54, 1.33 ]

Melbourne 1976 50/175 43/175 18.8 1.16 [ 0.82, 1.65 ]

Seattle 1987 56/122 53/124 23.0 1.07 [ 0.81, 1.42 ]

Subtotal (95% CI) 526 415 55.8 1.05 [ 0.86, 1.28 ]

Total events: 146 (CTG), 120 (Auscultation)

Test for heterogeneity chi-square=1.24 df=2 p=0.54 I² =0.0%

Test for overall effect z=0.45 p=0.7

02 Continuous CTG only

Denver 1976 51/242 69/241 30.2 0.74 [ 0.54, 1.01 ]

Denver 1979 53/230 24/115 14.0 1.10 [ 0.72, 1.69 ]

Subtotal (95% CI) 472 356 44.2 0.85 [ 0.66, 1.10 ]

Total events: 104 (CTG), 93 (Auscultation)

Test for heterogeneity chi-square=2.24 df=1 p=0.13 I² =55.4%

Test for overall effect z=1.24 p=0.2

Total (95% CI) 998 771 100.0 0.96 [ 0.82, 1.12 ]

Total events: 250 (CTG), 213 (Auscultation)

Test for heterogeneity chi-square=5.22 df=4 p=0.27 I² =23.3%

Test for overall effect z=0.50 p=0.6
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Analysis 03.09. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 09

Use of pharmacological analgesia during labour

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 09 Use of pharmacological analgesia during labour

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

02 Continuous CTG only

Denver 1976 183/242 194/241 100.0 0.94 [ 0.85, 1.03 ]

Subtotal (95% CI) 242 241 100.0 0.94 [ 0.85, 1.03 ]

Total events: 183 (CTG), 194 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.29 p=0.2

Total (95% CI) 242 241 100.0 0.94 [ 0.85, 1.03 ]

Total events: 183 (CTG), 194 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.29 p=0.2
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Analysis 03.13. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 13

Oxytocin during 1st and/or 2nd stage of labour

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 13 Oxytocin during 1st and/or 2nd stage of labour

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 76/229 32/116 17.4 1.20 [ 0.85, 1.70 ]

Melbourne 1976 109/175 110/175 44.9 0.99 [ 0.84, 1.17 ]

Seattle 1987 41/122 50/124 20.3 0.83 [ 0.60, 1.16 ]

Subtotal (95% CI) 526 415 82.6 1.00 [ 0.87, 1.15 ]

Total events: 226 (CTG), 192 (Auscultation)

Test for heterogeneity chi-square=2.27 df=2 p=0.32 I² =11.9%

Test for overall effect z=0.04 p=1

02 Continuous CTG only

Denver 1979 63/230 32/115 17.4 0.98 [ 0.69, 1.41 ]

Subtotal (95% CI) 230 115 17.4 0.98 [ 0.69, 1.41 ]

Total events: 63 (CTG), 32 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.09 p=0.9

Total (95% CI) 756 530 100.0 0.99 [ 0.87, 1.13 ]

Total events: 289 (CTG), 224 (Auscultation)

Test for heterogeneity chi-square=2.27 df=3 p=0.52 I² =0.0%

Test for overall effect z=0.08 p=0.9
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Analysis 03.20. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 20

Apgar score < 7 at 5 minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 20 Apgar score < 7 at 5 minutes

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Pakistan 1989 9/100 12/100 100.0 0.75 [ 0.33, 1.70 ]

Subtotal (95% CI) 100 100 100.0 0.75 [ 0.33, 1.70 ]

Total events: 9 (CTG), 12 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.69 p=0.5

02 Continuous CTG only

Subtotal (95% CI) 0 0 0.0 Not estimable

Total events: 0 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect: not applicable

Total (95% CI) 100 100 100.0 0.75 [ 0.33, 1.70 ]

Total events: 9 (CTG), 12 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.69 p=0.5
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Analysis 03.21. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 21

Apgar score < 4 at 5 minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 21 Apgar score < 4 at 5 minutes

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 0/230 1/116 27.3 0.17 [ 0.01, 4.11 ]

Seattle 1987 9/122 4/124 54.4 2.29 [ 0.72, 7.23 ]

Subtotal (95% CI) 352 240 81.7 1.58 [ 0.59, 4.23 ]

Total events: 9 (CTG), 5 (Auscultation)

Test for heterogeneity chi-square=2.28 df=1 p=0.13 I² =56.2%

Test for overall effect z=0.91 p=0.4

02 Continuous CTG only

Denver 1979 4/233 1/116 18.3 1.99 [ 0.23, 17.62 ]

Subtotal (95% CI) 233 116 18.3 1.99 [ 0.23, 17.62 ]

Total events: 4 (CTG), 1 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.62 p=0.5

Total (95% CI) 585 356 100.0 1.65 [ 0.67, 4.07 ]

Total events: 13 (CTG), 6 (Auscultation)

Test for heterogeneity chi-square=2.29 df=2 p=0.32 I² =12.8%

Test for overall effect z=1.10 p=0.3
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Analysis 03.23. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 23

Neonatal ICU admissions

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 23 Neonatal ICU admissions

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 29/230 15/116 25.0 0.98 [ 0.54, 1.75 ]

Melbourne 1976 11/175 30/175 22.8 0.37 [ 0.19, 0.71 ]

Subtotal (95% CI) 405 291 47.8 0.61 [ 0.23, 1.58 ]

Total events: 40 (CTG), 45 (Auscultation)

Test for heterogeneity chi-square=4.79 df=1 p=0.03 I² =79.1%

Test for overall effect z=1.02 p=0.3

02 Continuous CTG only

Denver 1976 35/242 28/241 28.4 1.24 [ 0.78, 1.98 ]

Denver 1979 23/233 14/116 23.7 0.82 [ 0.44, 1.53 ]

Subtotal (95% CI) 475 357 52.2 1.07 [ 0.72, 1.59 ]

Total events: 58 (CTG), 42 (Auscultation)

Test for heterogeneity chi-square=1.12 df=1 p=0.29 I² =10.4%

Test for overall effect z=0.31 p=0.8

Total (95% CI) 880 648 100.0 0.80 [ 0.48, 1.33 ]

Total events: 98 (CTG), 87 (Auscultation)

Test for heterogeneity chi-square=9.13 df=3 p=0.03 I² =67.1%

Test for overall effect z=0.86 p=0.4

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

65Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 03.26. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 26

Neonatal seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 26 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 0/230 1/116 8.1 0.17 [ 0.01, 4.11 ]

Dublin 1985 5/1492 8/1539 32.0 0.64 [ 0.21, 1.97 ]

Melbourne 1976 0/175 4/175 18.3 0.11 [ 0.01, 2.05 ]

Seattle 1987 7/122 7/124 28.2 1.02 [ 0.37, 2.81 ]

Subtotal (95% CI) 2019 1954 86.5 0.61 [ 0.31, 1.20 ]

Total events: 12 (CTG), 20 (Auscultation)

Test for heterogeneity chi-square=2.91 df=3 p=0.41 I² =0.0%

Test for overall effect z=1.44 p=0.2

02 Continuous CTG only

Denver 1976 2/242 2/241 8.1 1.00 [ 0.14, 7.01 ]

Denver 1979 2/233 1/116 5.4 1.00 [ 0.09, 10.87 ]

Subtotal (95% CI) 475 357 13.5 1.00 [ 0.22, 4.52 ]

Total events: 4 (CTG), 3 (Auscultation)

Test for heterogeneity chi-square=0.00 df=1 p=1.00 I² =0.0%

Test for overall effect z=0.01 p=1

Total (95% CI) 2494 2311 100.0 0.66 [ 0.36, 1.22 ]

Total events: 16 (CTG), 23 (Auscultation)

Test for heterogeneity chi-square=3.11 df=5 p=0.68 I² =0.0%

Test for overall effect z=1.32 p=0.2
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Analysis 03.27. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 27

Perinatal death

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 27 Perinatal death

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Denver 1979 1/230 0/116 2.5 1.52 [ 0.06, 37.01 ]

Melbourne 1976 1/175 1/175 3.8 1.00 [ 0.06, 15.86 ]

Pakistan 1989 4/100 5/100 19.1 0.80 [ 0.22, 2.89 ]

Seattle 1987 17/122 18/124 68.2 0.96 [ 0.52, 1.77 ]

Subtotal (95% CI) 627 515 93.6 0.94 [ 0.55, 1.61 ]

Total events: 23 (CTG), 24 (Auscultation)

Test for heterogeneity chi-square=0.15 df=3 p=0.98 I² =0.0%

Test for overall effect z=0.21 p=0.8

02 Continuous CTG only

Denver 1976 2/242 1/241 3.8 1.99 [ 0.18, 21.82 ]

Denver 1979 2/233 0/116 2.5 2.50 [ 0.12, 51.65 ]

Subtotal (95% CI) 475 357 6.4 2.19 [ 0.33, 14.41 ]

Total events: 4 (CTG), 1 (Auscultation)

Test for heterogeneity chi-square=0.01 df=1 p=0.91 I² =0.0%

Test for overall effect z=0.82 p=0.4

Total (95% CI) 1102 872 100.0 1.02 [ 0.61, 1.71 ]

Total events: 27 (CTG), 25 (Auscultation)

Test for heterogeneity chi-square=0.87 df=5 p=0.97 I² =0.0%

Test for overall effect z=0.09 p=0.9
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Analysis 03.28. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 28

Neurodevelopmental dissability at at least 12 months of age

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 28 Neurodevelopmental dissability at at least 12 months of age

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 7/82 2/91 100.0 3.88 [ 0.83, 18.17 ]

Total (95% CI) 82 91 100.0 3.88 [ 0.83, 18.17 ]

Total events: 7 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.08
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Analysis 03.29. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 29

Cerebral palsy (CP)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 29 Cerebral palsy (CP)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 16/82 7/91 100.0 2.54 [ 1.10, 5.86 ]

Total (95% CI) 82 91 100.0 2.54 [ 1.10, 5.86 ]

Total events: 16 (CTG), 7 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.18 p=0.03
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Analysis 03.30. Comparison 03 Continuous CTG versus intermittent auscultation (high risk), Outcome 30

Damage/infection from scalp electrode or scalp sampling

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 03 Continuous CTG versus intermittent auscultation (high risk)

Outcome: 30 Damage/infection from scalp electrode or scalp sampling

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Pakistan 1989 1/100 0/100 49.9 3.00 [ 0.12, 72.77 ]

Subtotal (95% CI) 100 100 49.9 3.00 [ 0.12, 72.77 ]

Total events: 1 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.68 p=0.5

02 Continuous CTG only

Denver 1979 1/233 0/232 50.1 2.99 [ 0.12, 72.95 ]

Subtotal (95% CI) 233 232 50.1 2.99 [ 0.12, 72.95 ]

Total events: 1 (CTG), 0 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.67 p=0.5

Total (95% CI) 333 332 100.0 2.99 [ 0.31, 28.61 ]

Total events: 2 (CTG), 0 (Auscultation)

Test for heterogeneity chi-square=0.00 df=1 p=1.00 I² =0.0%

Test for overall effect z=0.95 p=0.3
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Analysis 04.01. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 01

Caesarean section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 19/122 19/124 100.0 1.02 [ 0.57, 1.82 ]

Total (95% CI) 122 124 100.0 1.02 [ 0.57, 1.82 ]

Total events: 19 (CTG), 19 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.05 p=1
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Analysis 04.02. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 02

Caesarean section for abnormal FHR pattern and/or acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 02 Caesarean section for abnormal FHR pattern and/or acidosis

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 10/122 7/124 100.0 1.45 [ 0.57, 3.69 ]

Total (95% CI) 122 124 100.0 1.45 [ 0.57, 3.69 ]

Total events: 10 (CTG), 7 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.78 p=0.4
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Analysis 04.05. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 05

Spontaneous vaginal birth not achieved

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 05 Spontaneous vaginal birth not achieved

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 34/122 27/124 100.0 1.28 [ 0.83, 1.99 ]

Total (95% CI) 122 124 100.0 1.28 [ 0.83, 1.99 ]

Total events: 34 (CTG), 27 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.10 p=0.3
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Analysis 04.08. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 08

Epidural analgesia

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 08 Epidural analgesia

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 56/122 53/124 100.0 1.07 [ 0.81, 1.42 ]

Total (95% CI) 122 124 100.0 1.07 [ 0.81, 1.42 ]

Total events: 56 (CTG), 53 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.50 p=0.6
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Analysis 04.13. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 13

Oxytocin during 1st and/or 2nd stage of labour

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 13 Oxytocin during 1st and/or 2nd stage of labour

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 41/122 50/124 100.0 0.83 [ 0.60, 1.16 ]

Total (95% CI) 122 124 100.0 0.83 [ 0.60, 1.16 ]

Total events: 41 (CTG), 50 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.09 p=0.3
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Analysis 04.20. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 20

Apgar score < 4 at 5 minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 20 Apgar score < 4 at 5 minutes

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 9/122 4/124 100.0 2.29 [ 0.72, 7.23 ]

Total (95% CI) 122 124 100.0 2.29 [ 0.72, 7.23 ]

Total events: 9 (CTG), 4 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.41 p=0.2

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

Analysis 04.26. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 26

Neonatal seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 26 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 7/122 7/124 100.0 1.02 [ 0.37, 2.81 ]

Total (95% CI) 122 124 100.0 1.02 [ 0.37, 2.81 ]

Total events: 7 (CTG), 7 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.03 p=1

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

72Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 04.27. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 27

Perinatal death

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 27 Perinatal death

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 17/122 18/124 100.0 0.96 [ 0.52, 1.77 ]

Total (95% CI) 122 124 100.0 0.96 [ 0.52, 1.77 ]

Total events: 17 (CTG), 18 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=0.13 p=0.9
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Analysis 04.28. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 28

Neurodevelopmental dissability at at least 12 months of age

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 28 Neurodevelopmental dissability at at least 12 months of age

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 7/82 2/91 100.0 3.88 [ 0.83, 18.17 ]

Total (95% CI) 82 91 100.0 3.88 [ 0.83, 18.17 ]

Total events: 7 (CTG), 2 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.08
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Analysis 04.29. Comparison 04 Continuous CTG versus intermittent auscultation (preterm), Outcome 29

Cerebral palsy (CP)

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 04 Continuous CTG versus intermittent auscultation (preterm)

Outcome: 29 Cerebral palsy (CP)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Seattle 1987 16/82 7/91 100.0 2.54 [ 1.10, 5.86 ]

Total (95% CI) 82 91 100.0 2.54 [ 1.10, 5.86 ]

Total events: 16 (CTG), 7 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=2.18 p=0.03
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Analysis 05.01. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 01 Caesarean section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 01 Caesarean section

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 48/2029 37/2015 100.0 1.29 [ 0.84, 1.97 ]

Total (95% CI) 2029 2015 100.0 1.29 [ 0.84, 1.97 ]

Total events: 48 (Continuous CTG), 37 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.17 p=0.2
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Analysis 05.02. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 02 Caesarean section

for abnormal FHR pattern and/or acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 02 Caesarean section for abnormal FHR pattern and/or acidosis

Study Continous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 24/2029 20/2015 100.0 1.19 [ 0.66, 2.15 ]

Total (95% CI) 2029 2015 100.0 1.19 [ 0.66, 2.15 ]

Total events: 24 (Continous CTG), 20 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=0.58 p=0.6
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Analysis 05.03. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 03 Instrumental vaginal

birth

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 03 Instrumental vaginal birth

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 148/2029 127/2015 100.0 1.16 [ 0.92, 1.46 ]

Total (95% CI) 2029 2015 100.0 1.16 [ 0.92, 1.46 ]

Total events: 148 (Continuous CTG), 127 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.25 p=0.2
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Analysis 05.05. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 05 Spontaneous vaginal

birth not achieved

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 05 Spontaneous vaginal birth not achieved

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 196/2029 164/2015 100.0 1.19 [ 0.97, 1.45 ]

Total (95% CI) 2029 2015 100.0 1.19 [ 0.97, 1.45 ]

Total events: 196 (Continuous CTG), 164 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.70 p=0.09
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Analysis 05.08. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 08 Epidural analgesia

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 08 Epidural analgesia

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 369/2029 347/2015 100.0 1.06 [ 0.92, 1.21 ]

Total (95% CI) 2029 2015 100.0 1.06 [ 0.92, 1.21 ]

Total events: 369 (Continuous CTG), 347 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=0.80 p=0.4

0.1 0.2 0.5 1 2 5 10

Favours continuous Favours intermittent

76Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 05.20. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 20 Apgar score < 7 at 5

minutes

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 20 Apgar score < 7 at 5 minutes

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 8/2029 3/2015 100.0 2.65 [ 0.70, 9.97 ]

Total (95% CI) 2029 2015 100.0 2.65 [ 0.70, 9.97 ]

Total events: 8 (Continuous CTG), 3 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.44 p=0.1
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Analysis 05.22. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 22 Cord blood acidosis

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 22 Cord blood acidosis

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 56/2029 39/2015 100.0 1.43 [ 0.95, 2.14 ]

Total (95% CI) 2029 2015 100.0 1.43 [ 0.95, 2.14 ]

Total events: 56 (Continuous CTG), 39 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.09
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Analysis 05.23. Comparison 05 Continuous CTG versus intermittent CTG, Outcome 23 Neonatal ICU

admissions

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 05 Continuous CTG versus intermittent CTG

Outcome: 23 Neonatal ICU admissions

Study Continuous CTG Intermittent CTG Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 Continuous CTG and FBS

Lund 1994 58/2029 43/2015 100.0 1.34 [ 0.91, 1.98 ]

Total (95% CI) 2029 2015 100.0 1.34 [ 0.91, 1.98 ]

Total events: 58 (Continuous CTG), 43 (Intermittent CTG)

Test for heterogeneity: not applicable

Test for overall effect z=1.47 p=0.1
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Analysis 06.01. Comparison 06 Continuous CTG versus IA (high quality versus rest), Outcome 01 Caesarean

section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 06 Continuous CTG versus IA (high quality versus rest)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

01 High-quality trials

Dublin 1985 158/6474 144/6490 15.2 1.10 [ 0.88, 1.37 ]

Melbourne 1976 39/175 24/175 11.0 1.63 [ 1.02, 2.58 ]

Subtotal (95% CI) 6649 6665 26.2 1.27 [ 0.88, 1.83 ]

Total events: 197 (CTG), 168 (Auscultation)

Test for heterogeneity chi-square=2.22 df=1 p=0.14 I² =54.9%

Test for overall effect z=1.26 p=0.2

02 Not high-quality trials

Athens 1993 71/746 59/682 13.4 1.10 [ 0.79, 1.53 ]

Copenhagen 1985 28/482 18/487 9.2 1.57 [ 0.88, 2.80 ]

Denver 1976 40/242 16/241 9.6 2.49 [ 1.43, 4.32 ]

Denver 1979 67/459 13/231 9.2 2.59 [ 1.46, 4.60 ]

Melbourne 1981 18/445 10/482 6.8 1.95 [ 0.91, 4.18 ]

Pakistan 1989 35/100 12/100 8.9 2.92 [ 1.61, 5.28 ]

Seattle 1987 19/122 19/124 9.1 1.02 [ 0.57, 1.82 ]
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(. . . Continued)

Study CTG Auscultation Relative Risk (Random) Weight Relative Risk (Random)

n/N n/N 95% CI (%) 95% CI

Sheffield 1978 24/253 11/251 7.6 2.16 [ 1.08, 4.32 ]

Subtotal (95% CI) 2849 2598 73.8 1.80 [ 1.32, 2.46 ]

Total events: 302 (CTG), 158 (Auscultation)

Test for heterogeneity chi-square=17.40 df=7 p=0.01 I² =59.8%

Test for overall effect z=3.69 p=0.0002

Total (95% CI) 9498 9263 100.0 1.65 [ 1.28, 2.13 ]

Total events: 499 (CTG), 326 (Auscultation)

Test for heterogeneity chi-square=25.03 df=9 p=0.003 I² =64.0%

Test for overall effect z=3.82 p=0.0001
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Analysis 06.02. Comparison 06 Continuous CTG versus IA (high quality versus rest), Outcome 02 Neonatal

seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 06 Continuous CTG versus IA (high quality versus rest)

Outcome: 02 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 High-quality trials

Dublin 1985 12/6530 27/6554 53.7 0.45 [ 0.23, 0.88 ]

Melbourne 1976 0/175 4/175 9.0 0.11 [ 0.01, 2.05 ]

Subtotal (95% CI) 6705 6729 62.7 0.40 [ 0.21, 0.77 ]

Total events: 12 (CTG), 31 (Auscultation)

Test for heterogeneity chi-square=0.84 df=1 p=0.36 I² =0.0%

Test for overall effect z=2.76 p=0.006

02 Not high-quality trials

Athens 1993 0/746 2/682 5.2 0.18 [ 0.01, 3.80 ]

x Copenhagen 1985 0/485 0/493 0.0 Not estimable

Dallas 1986 1/7288 3/7330 6.0 0.34 [ 0.03, 3.22 ]

Denver 1976 2/242 2/241 4.0 1.00 [ 0.14, 7.01 ]

Denver 1979 2/463 2/232 5.3 0.50 [ 0.07, 3.53 ]

Seattle 1987 7/122 7/124 13.8 1.02 [ 0.37, 2.81 ]

Sheffield 1978 0/253 1/251 3.0 0.33 [ 0.01, 8.08 ]
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(. . . Continued)

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

Subtotal (95% CI) 9599 9353 37.3 0.66 [ 0.33, 1.33 ]

Total events: 12 (CTG), 17 (Auscultation)

Test for heterogeneity chi-square=2.15 df=5 p=0.83 I² =0.0%

Test for overall effect z=1.16 p=0.2

Total (95% CI) 16304 16082 100.0 0.50 [ 0.31, 0.80 ]

Total events: 24 (CTG), 48 (Auscultation)

Test for heterogeneity chi-square=4.10 df=7 p=0.77 I² =0.0%

Test for overall effect z=2.89 p=0.004

0.001 0.01 0.1 1 10 100 1000

Favours CTG Favours IA

Analysis 07.01. Comparison 07 Continuous CTG versus IA (high risk versus low risk), Outcome 01 Caesarean

section

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 07 Continuous CTG versus IA (high risk versus low risk)

Outcome: 01 Caesarean section

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 high risk

Denver 1976 40/242 16/241 16.4 2.49 [ 1.43, 4.32 ]

Denver 1979 67/459 13/231 17.7 2.59 [ 1.46, 4.60 ]

Melbourne 1976 39/175 24/175 24.5 1.63 [ 1.02, 2.58 ]

Pakistan 1989 35/100 12/100 12.3 2.92 [ 1.61, 5.28 ]

Seattle 1987 19/122 19/124 19.3 1.02 [ 0.57, 1.82 ]

Subtotal (95% CI) 1098 871 90.2 2.02 [ 1.58, 2.57 ]

Total events: 200 (CTG), 84 (Auscultation)

Test for heterogeneity chi-square=8.90 df=4 p=0.06 I² =55.0%

Test for overall effect z=5.68 p<0.00001

02 low risk

Melbourne 1981 18/445 10/482 9.8 1.95 [ 0.91, 4.18 ]

Subtotal (95% CI) 445 482 9.8 1.95 [ 0.91, 4.18 ]

Total events: 18 (CTG), 10 (Auscultation)

Test for heterogeneity: not applicable

Test for overall effect z=1.72 p=0.09

Total (95% CI) 1543 1353 100.0 2.01 [ 1.60, 2.53 ]

Total events: 218 (CTG), 94 (Auscultation)

Test for heterogeneity chi-square=8.89 df=5 p=0.11 I² =43.8%

Test for overall effect z=5.93 p<0.00001

0.1 0.2 0.5 1 2 5 10

Favours CTG Favours IA

80Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour (Review)

Copyright © 2007 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd



Analysis 07.02. Comparison 07 Continuous CTG versus IA (high risk versus low risk), Outcome 02 Neonatal

seizures

Review: Continuous cardiotocography (CTG) as a form of electronic fetal monitoring (EFM) for fetal assessment during labour

Comparison: 07 Continuous CTG versus IA (high risk versus low risk)

Outcome: 02 Neonatal seizures

Study CTG Auscultation Relative Risk (Fixed) Weight Relative Risk (Fixed)

n/N n/N 95% CI (%) 95% CI

01 high risk

Denver 1976 2/242 2/241 4.4 1.00 [ 0.14, 7.01 ]

Denver 1979 2/463 2/232 5.8 0.50 [ 0.07, 3.53 ]

Dublin 1985 5/1492 8/1539 17.1 0.64 [ 0.21, 1.97 ]

Melbourne 1976 0/175 4/175 9.8 0.11 [ 0.01, 2.05 ]

Seattle 1987 7/122 7/124 15.1 1.02 [ 0.37, 2.81 ]

Subtotal (95% CI) 2494 2311 52.1 0.67 [ 0.36, 1.24 ]

Total events: 16 (CTG), 23 (Auscultation)

Test for heterogeneity chi-square=2.36 df=4 p=0.67 I² =0.0%

Test for overall effect z=1.28 p=0.2

02 low risk

Dallas 1986 1/7288 3/7330 6.5 0.34 [ 0.03, 3.22 ]

Dublin 1985 7/5038 19/5015 41.4 0.37 [ 0.15, 0.87 ]

Subtotal (95% CI) 12326 12345 47.9 0.36 [ 0.16, 0.81 ]

Total events: 8 (CTG), 22 (Auscultation)

Test for heterogeneity chi-square=0.01 df=1 p=0.94 I² =0.0%

Test for overall effect z=2.46 p=0.01

Total (95% CI) 14820 14656 100.0 0.52 [ 0.32, 0.85 ]

Total events: 24 (CTG), 45 (Auscultation)

Test for heterogeneity chi-square=4.08 df=6 p=0.67 I² =0.0%

Test for overall effect z=2.62 p=0.009
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