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ABSTRACT

Background: Admission cardiotocography (CTG) remains widely used to assess the fetal condition at the onset of labour in
low-risk pregnancies, despite international guidelines recommending against its routine use and advocating intermittent auscul-
tation (IA) instead.

Objective: To evaluate the effect of admission CTG compared with TA upon admission on maternal and neonatal outcomes in
low-risk term pregnancies.

Search Strategy: PubMed and the Cochrane Library were searched from inception to April 2025.

Selection Criteria: Randomised controlled trials (RCTs) comparing admission CTG with IA in low-risk, term pregnancies with
singleton fetuses.

Data Collection and Analysis: Two reviewers independently screened studies, extracted data, and assessed risk of bias using
RoB 2.0 from the Cochrane Library. Random-effects meta-analysis generated relative risks (RRs), and the quality of the evidence
was evaluated using GRADE.

Main Results: Five RCTs (16 341 pregnant women) were included. Admission CTG was associated with significantly higher use
of continuous electronic fetal heart rate (FHR) monitoring (RR 1.23, 95% CI: 1.05-1.44, I>=95%). No significant differences were
found for caesarean section (RR 1.09, 95% CI: 0.86-1.37, I*=49%), fetal blood sampling (RR 1.16, 95% CI: 0.96-1.40, I>=44%),
instrumental deliveries (RR 1.06, 95% CI: 0.90-1.19, I>=238%), neonatal intensive care unit (NICU) admission (RR 1.07, 95% CI:
0.91-1.27, ’=0%), or Apgar score <7 at 5min (RR 0.97, 95% CI: 0.62-1.54, I?=13%). Evidence certainty was rated moderate for
most outcomes.

Conclusions: Routine admission CTG in low-risk term pregnancies demonstrated no improvement in maternal or neona-
tal outcomes. Previous concerns regarding increased caesarean delivery rates appear overstated. These findings support

Abbreviations: ADCAR, admission cardiotocography; BPM, beats per minute; CI, confidence interval; CTG, cardiotocography; EFM, electronic fetal monitoring;
FHR, fetal heart rate; GRADE, Grading of Recommendations, Assessment, Development and Evaluations; IA, intermittent auscultation; LSCS, lower segment
caesarean section; NICU, neonatal intensive care unit; NR, not reported; PPI, Patient and Public Involvement; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; RR, relative risk; RCT, randomised controlled trial; ROB 2.0, revised cochrane risk of Bias tool for randomised trials; SCBU, special care
baby unit; SD, standard deviation; UK, United Kingdom.
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current recommendations favouring IA over routine admission CTG in low-risk pregnancies. Future research should focus on

intermediate-risk populations, standardised implementation and clinically meaningful outcomes.
Trial Registration: PROSPERO registration number: CRD420251028693

1 | Introduction

Assessment of fetal health at the onset of labour is a critical com-
ponent of intrapartum care [1]. The United Kingdom (UK) does
not routinely recommend admission CTG for low-risk pregnan-
cies but limits its use to pregnancies at increased risk for ad-
verse outcomes [2]. In contrast, many countries, for example,
the United States, Spain, France and several Eastern European
and Asian nations, routinely perform admission CTG for all
women [3-7]. Practices also vary within regions; notably, whilst
Sweden and Finland recommend routine admission CTG, other
Scandinavian countries such as Denmark and Norway do not
[8-11].

Admission CTG typically involves a 15-20-min recording
that combines fetal heart rate (FHR) and uterine activity.
First introduced in 1986, it was intended as a screening tool
for low-risk pregnancies to detect early signs of fetal hypoxia
and prompt closer surveillance or timely intervention [12].
Following its introduction, studies published worldwide began
trialling the test for other purposes, such as predicting intra-
partum complications or identifying fetuses at increased risk
of metabolic acidosis at birth [12-14]. In the following three
decades, accumulated evidence from randomised controlled
trials (RCTs) and systematic reviews has been relatively con-
sistent: compared with intermittent auscultation (IA), admis-
sion CTG does not improve neonatal or maternal outcomes,
but is associated with an increase in obstetric interventions.
The most recent Cochrane review in 2017 by Devane et al.
concluded that admission CTG likely increases the caesarean
section rate (RR 1.20, 95% CI 1.00-1.44, I>=49%) without de-
monstrable neonatal benefit. Evidence further highlights the
limitations of admission CTG as a screening tool, showing low
sensitivity and positive predictive value for adverse neonatal
outcomes in low-risk populations [15].

Nonetheless, observational studies suggest that admission CTG
can reveal early complications in specific scenarios. Parts et al.
found that women who required emergency caesarean section
within 1h of admission frequently had abnormal traces, while
Gyllencreutz et al. reported that fetuses with undetected small-
for-gestational-age status were more likely to show abnormal ad-
mission CTG, and that this combination was strongly associated
with worse neonatal outcomes [16, 17]. Although both studies
included mixed-risk populations, they point to a possible but un-
confirmed role for admission CTG in detecting rare, clinically
important conditions.

Accordingly, international guidelines, including those from the
World Health Organization and the UK National Institute for
Health and Care Excellence (NICE), recommend against rou-
tine admission CTG in low-risk pregnancies, citing no proven
benefit and a risk of unnecessary intervention [18, 19].

Despite the consistent evidence base, admission CTG remains in
widespread use, even in settings where it is not recommended.
We have therefore conducted an updated systematic review and
meta-analysis to evaluate the effect of admission CTG compared
with TA at admission on maternal and neonatal outcomes in
low-risk term pregnancies. Our aim was to strengthen the ev-
idence base with the most recent high-quality trial data, syn-
thesise the consistent findings and inform recommendations for
practice and future research.

2 | Methods

This systematic review and meta-analysis was conducted in ac-
cordance with the PRISMA 2020 guidelines [20]. The completed
PRISMA 2020 checklist is available in Table S1.

2.1 | Eligibility Criteria

We included RCTs and quasi-randomised trials comparing ad-
mission CTG with IA in low-risk, term pregnancies with sin-
gleton fetuses. No multi-armed studies were included. Reviews
and studies that did not meet these criteria (phase I trials, pilot
or feasibility studies without relevant outcome data, abstracts
without full-text manuscripts and observational studies) were
not eligible for inclusion. Studies were eligible if they reported
on at least one of the following outcomes: adverse neonatal out-
comes, mode of delivery, intrapartum interventions and abnor-
mal CTG rate (Table S2).

Admission CTG was defined as a brief recording of FHR and
uterine activity performed upon admission to the labour ward
or assessment unit. IA was defined as intermittent monitoring
using a Pinard stethoscope or Doppler device, without continu-
ous waveform display.

Studies evaluating antenatal CTG, continuous CTG used during
labour (rather than as an admission test), other admission tests
apart from CTG (e.g., ultrasound), fetal movement counting,
medication-related interventions or induction-of-labour inter-
ventions were not eligible.

2.2 | Search Strategy and Study Selection

We searched PubMed and the Cochrane Library from inception
to April 2025 using keywords and MeSH terms related to ‘car-
diotocography,” ‘fetal monitoring’ and ‘admission’ (Table S3).
No filters were applied to restrict the search to RCTs, to max-
imise sensitivity; eligibility by study design was determined
during title/abstract and full-text screening. Reference lists of
relevant systematic reviews (including Devane et al. [1]) were
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also screened to identify additional eligible trials, but no further
trials were identified. No language restrictions were applied.
Two reviewers (M.T. and A.L.) independently screened titles and
abstracts, assessed full texts for eligibility, and extracted data
using a standardised form. Discrepancies were resolved through
discussion and reviewed by the senior investigator (A.G.).
Systematic reviews and other study designs that did not meet
the eligibility criteria (e.g., narrative reviews) were excluded at
the full-text screening stage.

2.3 | Quality Assessment

Themethodological quality ofincluded studieswasindependently
assessed using the Critical Appraisal Skills Programme (CASP)
checklist and the Oxford Centre for Evidence-Based Medicine
tool [21, 22].

2.4 | Risk of Bias Assessment

The risk of bias in each included RCT was assessed using the
Revised Cochrane Risk of Bias tool for randomised trials (RoB
2.0) [23]. Two reviewers (M.T. and A.L.) independently evalu-
ated each domain, with discrepancies resolved by consensus.
Publication bias was not formally assessed due to the limited
number of studies per outcome (< 10). Risk of bias and hetero-
geneity in study design were considered narratively in the inter-
pretation of findings.

2.5 | Certainty of Evidence

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach was used to assess the cer-
tainty of evidence for each outcome, considering risk of bias, in-
consistency, indirectness and imprecision [24]. Outcomes were
rated as high, moderate, low, or very low certainty. Summary
of Findings tables were generated to present key outcomes and
corresponding GRADE assessments.

2.6 | Data Synthesis and Statistical Analysis

Categorical variables were summarised as frequencies and
percentages, and continuous variables as means and standard
deviations, either as reported or calculated from available data.
Meta-analysis was performed using a random-effects model
(DerSimonian and Laird) with inverse-variance weighting [25].
The RRs with 95% CIs were calculated for outcomes of interest.
A continuity correction of 0.5 was applied where appropriate.

Data were extracted directly from the published trial reports. Where
discrepancies existed with the latest Cochrane review by Devane
et al., we cross-checked both sources and used corrected data re-
ported by Devane et al. from the original trial authors (Mires et al.,
Cheyne et al., Impey et al.) to ensure consistency and accuracy.

Heterogeneity was assessed using Cochran's Q test and quan-
tified via the I? statistic, with thresholds of 25%, 50% and 75%
representing low, moderate and high heterogeneity, respectively.

All analyses were performed using R (version 4.0.3) with the
metafor, meta, and metabin packages.

3 | Results

A total of 231 publications were identified (Figure 1). After re-
moving duplicates (n =2), 229 records were screened at title and
abstract level, of which 166 were excluded. Sixty-three full-text
articles were assessed for eligibility, and 58 were excluded for
reasons detailed in Figure 1. Five RCTs met the inclusion cri-
teria and were included in the review. Study characteristics, in-
cluding primary and secondary outcomes, are summarised in
Table 1 [26-30].

The five RCTs were conducted between 2001 and 2019 in var-
ious maternity settings across the UK and Ireland, including
teaching hospitals, midwife-led units, and regional hospitals
(Table 1). Sample sizes ranged from 334 to 8628 participants.
Only two studies met their precalculated sample size, and none
were adequately powered to detect rare adverse outcomes, such
as perinatal severe morbidity or mortality [26, 28]. Smith et al.
conducted the only multicentre-study [30].

Detailed characteristics of participants across the five included
trials, including maternal age, parity, gestational age, and birth
weight, are presented in Table S4. No details regarding stages of
labour or cervical dilation were reported.

3.1 | Quality of the Evidence

Using the revised Cochrane risk-of-bias tool (RoB 2.0), all five
RCTs were at low risk of bias for randomisation and outcome
completeness, with ‘some concerns’ in at least one domain, most
commonly regarding outcome measurement and selection of the
reported result (Table 2).

Most key outcomes, including caesarean section, continu-
ous fetal monitoring, and NICU admissions, were rated as
moderate-certainty evidence (GRADE), due to a lack of blinding
and unclear reporting plans across all studies (Table 3). For less
frequent outcomes, such as hypoxic-ischaemic encephalopathy,
evidence was downgraded to low certainty due to both impre-
cision (wide confidence intervals crossing the line of no effect)
and risk of bias. None of the assessed outcomes achieved high-
certainty ratings.

3.2 | Admission CTG Criteria and Participant
Selection

Considerable methodological heterogeneity was observed across
studies. Participant recruitment differed, with some studies en-
rolling women during their pregnancy and others only at labour
ward admission. One study included women with ‘possible’ la-
bour onset, whilst others included those with formal labour di-
agnoses [30].

Definition of admission CTG varied, with most studies requir-
ing a 20-min recording, but Mitchel et al. accepted a 15-min
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FIGURE1 | PRISMA flow diagram.

trace [29]. The criteria for normal versus abnormal CTG traces
were also heterogeneous. Rates of abnormal admission CTG
ranged from 21.5% to 32% (Table S5). Moreover, Impey et al.
[28] included patients with a higher risk profile (< 1% vaginal
breech, 1% preterm births, 8% of pregnancies with previous
deliveries by caesarean section), and offered all nulliparous
women early active labour management, including early
amniotomy.

3.3 | Delivery Outcomes

All five RCTs reported on caesarean section and instrumen-
tal vaginal delivery outcomes. The rate of caesarean section
in the admission CTG cohort ranged from 3.7% to 8.9%, com-
pared with 3.2% to 8.6% in the IA cohort (Table S6) [26-30].
Caesarean section rates were higher in women undergoing
admission CTG monitoring across all studies, except Smith
et al. [30] Overall, the pooled caesarean section rate was 4.9%
in the CTG group and 4.6% in the IA group, yielding a non-
significant difference (RR 1.09, 95% CI: 0.86-1.37, I>’=49%)
(Table 4, Figure 2A).

In most studies, instrumental vaginal delivery rates were higher
than caesarean section rates, with the exception of Cheyne et al.
[27] Instrumental delivery occurred in 15.1% of women in the

Records removed before screening:
Duplicate records removed (n = 2)

Records excluded books, documents
and other reviews (n = 166)

Reports excluded (n = 58):

— Continuous CTG in labour (n = 25)
— Antenatal CTG (n =7)

— Fetal movement (n = 1)

— Induction of Labour (n = 5)

— Fetal Blood Sampling (n = 3)

— Other admission tests apart from
CTG (n=10)

— Medication-related (n = 2)

— Pre-eclampsia-specific (n = 1)

— Updated narrative commentary (Blix
2013)(n=1)

— Systematic reviews (n = 3)

CTG group and 14.2% in the IA group, resulting in a pooled RR
of 1.06 (95% CI: 0.90-1.19, I>=38%) (Table 4, Figure 2B).

3.4 | Intrapartum Management

Admission CTG was associated with a trend towards increased
intrapartum interventions (Figure 2C). Continuous fetal moni-
toring showed the most consistent effect across studies, with all
four studies reporting increased rates in admission CTG groups.
Impey et al. demonstrated the largest relative difference (58.3%
vs. 41.7%; RR 1.40), whereas Smith et al. reported more modest
differences (80.5% vs. 72.2%; RR 1.11) (Figure 3) [28, 30]. This
resulted in a significantly higher rate of continuous monitoring
with admission CTG (RR 1.23, 95% CI: 1.05-1.44, I>=95%), de-
spite considerable heterogeneity (I>=95%).

There was a considerable difference in fetal blood sampling, with
only Impey et al. reporting a statistically significant increase in
the admission CTG group compared to IA (11% and 8%, respec-
tively) [28]. However, the overall pooled results showed a trend
towards higher rates in the admission CTG cohort but no lon-
ger significant (RR 1.16, 95% CI: 0.96-1.40, I>?=0%). Similarly,
no significant differences between admission CTG and IA were
found for amniotomy, epidural use and oxytocin administration
(Figure S1).
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TABLE 2 | Risk of bias 2 summary table for the five RCTs included in the systematic review.

Deviations Missing Selection of

Randomisation from intended outcome Measurement the reported Overall risk
Study process interventions data of the outcome result of bias
Mitchell et al. Low Some concerns Low Some concerns Some concerns Some concerns
[29] (2008)
Smith et al. [30] Low Low Low Some concerns Some concerns Some concerns
(2019)
Mires et al. [26] Some concerns Some concerns Low Some concerns Some concerns Some concerns
(2001)
Impey et al. [28] Low Low Low Low Some concerns Some concerns
(2003)
Cheyne et al. Low Low Low Low Some concerns Some concerns

[27] (2003)

3.5 | Fetal and Neonatal Outcomes

All studies reported neonatal outcomes including NICU admis-
sion, Apgar scores <7 at 5min, and fetal and neonatal mortality.
Admission CTG was associated with a non-significant increase
in NICU admissions (RR 1.07, 95% CI: 0.91-1.27, I?=0%), al-
though the absolute event numbers were low, particularly in
Cheyne et al. (Figure 4A) [27].

Rates of low Apgar scores (< 7 at 5min) were low across all stud-
ies, with no significant differences between groups (RR 0.97,
95% CI: 0.62-1.54, I*=13%) (Figure 4B). Despite enrolling over
8000 women, Impey et al. [28] reported only a modest number of
cases with low Apgar scores.

For the critical outcome of perinatal mortality, a total of 10 deaths
were reported across the five trials. Impey et al. reported six
deaths, including five in babies with major congenital anomalies,
whilst Mires et al. noted three intrauterine deaths diagnosed post-
randomisation but prior to the onset of labour [26, 28]. Finally,
Mitchell et al. reported one death in the IA group (Figure 4C) [29].

Hypoxic-ischaemic encephalopathy was reported in only two of
the five trials. Smith et al., in the most recent study, reported a
non-significant reduction in risk (RR 0.50), in contrast to Mires
et al., which found a higher rate in the admission CTG group
(RR 1.19) [26, 30]. However, the overall estimate remained non-
significant due to the small number of events (Figure 4D).

Comparison of the point estimates with the previous Cochrane
review (Devane et al.), which did not include Smith et al., is de-
picted in Figure 5 [1, 30].

4 | Discussion

4.1 | Main Findings

This updated systematic review and meta-analysis, incorpo-
rating over 16000 low-risk term pregnancies across five RCTs,

provides the most comprehensive evidence to date on admis-
sion CTG.

The inclusion of Smith et al. [30] expands the evidence base by
more than 3000 additional women, increasing the total sample
size from 13296 to 16341 women (a 23% increase) and offers
greater precision in our understanding of admission CTG. Our
analysis found no significant association between admission CTG
and caesarean section rates (RR 1.09, 95% CI: 0.86-1.37, > =49%),
contrasting with the earlier Cochrane review which suggested a
probable increase (RR 1.20, 95% CI: 1.00-1.42). While the direc-
tion of evidence is unchanged, this updated synthesis strengthens
confidence that admission CTG does not increase caesarean risk.
Importantly, our findings confirm that admission CTG does not
improve maternal or neonatal outcomes and therefore should not
be recommended for routine use in low-risk women.

Despite this shift in caesarean section risk, admission CTG contin-
ues to be associated with significantly increased continuous elec-
tronic fetal monitoring during labour (RR 1.23, 95% CI: 1.05-1.44,
P2=95%). In absolute terms, continuous monitoring was imple-
mented in 57.3% of women in admission CTG groups compared
to 46.7% in IA groups, representing an absolute increase of 10.6
percentage points. This increased monitoring occurred despite
considerable heterogeneity in baseline monitoring rates across
studies (I =95%), ranging from just 5% in Cheyne et al. to 80.5% in
the more contemporary cohort Smith et al. [27, 30].

Our GRADE assessment showing moderate-certainty evidence
for key outcomes strengthens confidence in these findings and
supports current recommendation against routine use of ad-
mission CTG in low-risk pregnancies. However, the rationale
should be refined; guidelines and risk-benefit discussions with
women should emphasise the lack of maternal and fetal benefits
rather than just citing an increase in caesarean rates. Taken to-
gether, these findings provide reassurance that admission CTG
does not increase caesarean rates but also reinforce that it offers
no maternal or neonatal benefit, supporting its continued non-
recommendation in low-risk women.

4.2 | Clinical Relevance and Practice Implications

Despite clear guideline recommendations favouring IA, admis-
sion CTG remains widely used in high-income settings [3-7].
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TABLE 3 | GRADE summary of the outcome measures.

No. of Certainty
participants Effect estimate of evidence
Outcome (studies) (95% CI) (GRADE) Comments
Caesarean 14372 (5 RR 1.09 (0.86-1.37) Moderate Downgraded one level for risk of
section RCTs) bias (lack of blinding in all studies,
no pre-specified analysis plans).
Effect estimates no longer significant
with inclusion of recent data.
Instrumental 14372 (5 RR 1.06 (0.95-1.19) Moderate Downgraded one level for risk of
vaginal delivery RCTs) bias (lack of blinding may influence
decisions for instrumental delivery).
Consistent findings across studies.
Neonatal 14365 (5 RR 1.07 (0.91-1.27) Moderate Downgraded one level for risk
admission to RCTs) of bias and imprecision (wide
NICU confidence interval includes both
potential benefit and harm).
Continuous 13786 (4 RR 1.23 (1.05-1.44) Moderate Downgraded one level for risk of
EFM RCTs) bias. Substantial heterogeneity
present (I>=95%) but consistent
direction of effect and statistical
significance maintained.
Fetal blood 13791 (4 RR 1.16 (0.96-1.40) Moderate Downgraded one level for
sampling RCTs) risk of bias and inconsistency.
Previously significant association
no longer significant with
inclusion of recent data.
Apgar score <7 14358 (5 RR 0.97 (0.62-1.54) Moderate Downgraded one level for risk
at Smin RCTs) of bias and imprecision. Low
event rates limit precision.
Hypoxic- 5401 (2 RCTs) RR 0.88 (0.30-2.56) Low Downgraded two levels for very
ischaemic serious imprecision (very wide
Encephalopathy confidence interval, very few

events) and risk of bias.

Note: GRADE certainty ratings: High certainty—the true effect is likely to be close to the estimated effect; Moderate certainty—the true effect is probably close to
the estimate, but it may be substantially different; Low certainty—limited confidence in the effect estimate; the true effect may be substantially different; Very low
certainty—very little confidence in the effect estimate; the true effect is likely to be substantially different. All studies were initially rated as high-certainty evidence
(as randomised controlled trials), with downgrades based on identified study limitation.

Abbreviations: CI, confidence interval; EFM, electronic fetal monitoring; GRADE, Grading of Recommendations, Assessment, Development and Evaluations; NICU,
neonatal intensive care unit; RCT, randomised controlled trial; RR, risk ratio; SCBU, special care baby unit.

This implementation gap reflects multiple factors beyond the
simple evidence-practice disconnect. Clinicians often cite med-
icolegal concerns, with admission CTG viewed as ‘defensive
practice’ that documents fetal health at a specific time-point
[31, 32]. Institutional culture also plays a significant role, with
established routines proving resistant to change despite evolv-
ing evidence [33, 34]. Moreover, the relatively limited training
in TA skills compared to electronic monitoring interpretation
may contribute to clinician preference for technology-based ap-
proaches [35, 36]. Finally, there appears to be a persistent belief,
not supported by current evidence, that admission CTG pro-
vides added value in risk stratification that is not captured by
the existing literature [27, 31, 32, 35].

Understanding these barriers is essential to developing effective
implementation strategies that bridge the gap between evidence

and practice, ensuring that intermittent auscultation or admis-
sion CTG is used appropriately for the right woman, in the right
context, at the right time.

Our findings suggest several practical considerations for cli-
nicians and clinical units. First, maternity services should de-
velop robust risk stratification tools with clearly defined criteria
to identify women who can safely be monitored with IA alone.
This includes reaching consensus on the threshold and weight-
ing of specific risk factors across the spectrum of clinical risk, to
avoid unnecessary use of admission CTG. Second, when used,
admission CTG should be limited to the standardised 20 min du-
ration, as longer traces (> 1h) are linked to higher interventions
[29]. Third, maternal units should prevent a cascade of interven-
tions by implementing standardised interpretation with objec-
tive classification systems, and by critically evaluating whether
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Caesarean sections
Admission CTG 1A
Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 61 1185 43 1181 ——.— 1.41 [0.97;2.07] 19.9%
Cheyne 2003 14 157 i @ — 1.43 [0.67;3.07) 7.6%
Impey 2003 147 4017 131 4039 —.— 1.13 [0.90; 1.42] 30.5%
Mitchell 2008 26 298 22 284 —-I— 1.13 [0.65; 1.94] 12.7%
Smith 2019 105 1521 130 1513 — 0.80 [0.63;1.03] 29.2%
Pooled RR (random effects) 7178 7194 ’ 1.09 [0.86; 1.37] 100.0%
Heterogeneity: 1% = 49%, p =0.09 l J L ’
0.5 ) 2 5
Risk Ratio
B Instrumental Vaginal Deliveries
Admission CTG 1A
Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 252 1185 204 1.23 [1.04;1.45] 25.2%
Cheyne 2003 12 157 21 0.64 [0.33; 1.27] 2.6%
Impey 2003 460 4017 442 1.05 [0.93;1.18] 33.6%
Mitchell 2008 58 298 49 1.13 [0.80; 1.59] 8.9%
Smith 2019 303 1521 307 0.98 [0.85; 1.13] 29.6%
Pooled RR (random effects) 7178 1.06 [0.95; 1.19] 100.0%
Heterogeneity: 1% = 38%, p =017 ! i
2 5
Risk Ratio
C Continuous Fetal Monitoring
Admission CTG 1A
Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 672 1185 551 1178 . 1.21 [1.12;1.31] 31.1%
Cheyne 2003 10 157 10 A7 - 1.13 [0.48;2.64] 3.1%
Impey 2003 2341 4017 1686 4039 1.40 [1.33;1.46] 32.8%
Smith 2019 1224 1520 1093 1513 1.11 [1.07;1.16] 33.0%
Pooled RR (random effects) 6879 6907 - 1.23 [1.05; 1.44] 100.0%
Heterogeneity: 1> = 95%, p < 0.01 I J !
0.5 1 2 5
Risk Ratio

FIGURE2 |

Forest plots comparing mode of delivery outcomes between admission cardiotocography (CTG) and intermittent auscultation (IA) for

(A) caesarean sections, (B) instrumental vaginal deliveries and (C) shows the rates of continuous fetal monitoring.

continuous monitoring following the initial 20-min admission

4.3 | Research and Policy Implications

CTG is warranted as it may trigger unjustified escalation of care

[32, 37, 38]. Last, shared decision-making should be based on
the available evidence that suggests a lack of benefits in mater-
nal and fetal outcomes when using admission CTG in low-risk

pregnancies.

While current evidence does not support routine use of admis-
sion CTG in low-risk pregnancies, its persistent use despite
guideline recommendations suggests unresolved clinical ques-
tions and implementation challenges. The available trials differ
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100%
p = <0.001
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= p =<0.001
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Mires et al. Cheyne et al. Impey et al Smith et al.

. Admission CTG . 1A

FIGURE3 | Comparison of continuous CTG use between admission CTG and IA across the four randomised controlled trials. Mitchell et al. did
not report the rates of continuous CTG. CTG, cardiotocography; IA, intermittent auscultation.

substantially in design, population and implementation, limit-
ing definitive conclusions. Given the heterogeneity across RCTs,
future research should clarify where, if anywhere, admission
CTG might hold value. We highlight five priorities:

1. Refining the Target Population: Admission CTG may detect
pathology in high-risk pregnancies, but leads to false posi-
tives in low-risk groups. It may hold value for intermediate-
risk pregnancies, which remain understudied. Most trials
applied broad low-risk criteria, yet clinical presentations
often fall along a risk continuum rather than a binary classi-
fication. Impey et al. [28], the largest RCT, excluded women
with meconium-stained liquor through early amniotomy,
lowering baseline risk and complicating comparisons for
low-risk women when liquor colour is unknown. Improved
antenatal risk stratification may help identify subgroups
that could benefit from early intrapartum assessment.

2. Timing and Purpose: Studies varied in whether admission
CTG was performed before or after confirmation of labour
onset. Protocols should specify whether the test is intended
as a screening tool for pre-existing injury or a physiological
assessment of fetal reserve, as this distinction affects im-
plementation and outcomes.

3. Admission CTG Duration: Most RCTs implemented a brief
(~20-min) recording, though direct comparisons are lack-
ing. Mitchell et al. [29] reported CTGs > 1h were associated
with increased operative delivery. At term, fetuses alternate
between sleep and wake states in 20-50-min cycles [39, 40].
Further studies should confirm whether 20 min is sufficient
to detect non-reactive traces, particularly during quiet sleep.

4. Definition of Abnormal CTG: Only two studies clearly
defined abnormal patterns, contributing to heterogeneity.

Objective, physiology-based classification systems may im-
prove consistency [41, 42]. Importantly, certain fetal heart
rate characteristics often associated with chronic hypoxia or
pre-existing injury (such as reduced variability, absence of
cycling and presence of shallow decelerations) may be dif-
ficult to identify with intermittent auscultation alone [16,
43-47]. However, it should be mentioned that the ability
of IA to detect these features, compared with CTG, has not
been formally studied. Novel approaches, including com-
puterised analysis and machine learning, could reduce sub-
jectivity and warrant evaluation.

. Strengthening the Evidence Base for IA: Further research is

needed to expand the evidence base for IA, the recommended
method for low-risk women. Key uncertainties remain re-
garding optimal practice: Pinard versus handheld Doppler,
duration and timing of auscultation, and definitions of nor-
mal versus abnormal FHR. Trials evaluating structured IA
training and adherence to guideline-recommended monitor-
ing could show whether high-quality IA improves outcomes
or reduces reliance on admission CTG.

. Outcome Measures: Rare outcomes, such as perina-

tal mortality and hypoxic encephalopathy, are too in-
frequent for moderate-sized trials [30]. Future studies
should evaluate more frequent outcomes (e.g., reduction
in emergency caesarean sections, predictive accuracy of
admission CTG for later FHR abnormalities). Composite
outcomes should be developed specifically for admission
CTG evaluation.

. Future Trials: Adaptive or pragmatic designs, including

cluster-randomised or stepped-wedge trials, may be more
feasible than traditional RCTs given the widespread use of
admission CTG in many settings.
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FIGURE 4

NICU admissions

Admission CTG 1A

Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 46 1185 45 1175 + 1.01 [0.68; 1.52] 17.3%
Cheyne 2003 2 157 4 177 + 0.56 [0.10;3.04] 1.0%
Impey 2003 161 4017 157 4039 4#— 1.03 [0.83; 1.28] 60.7%
Mitchell 2008 10 297 7 284 1.37 [0.53;3.54] 3.1%
Smith 2019 54 1521 42 1513 $ 1.28 [0.86;1.90] 17.9%
Pooled RR (random effects) 77 7188 1.07 [0.91; 1.27] 100.0%
Heterogeneity: = 0%, p=078 ! !

0.5 1 2 5

Risk Ratio
Apgar Score <7
Admission CTG 1A

Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 25 1181 18 1171 *-I»—.— 1.38 [0.76;2.51] 41.4%
Cheyne 2003 1 157 3 177 : 0.38 [0.04;3.58] 4.0%
Impey 2003 13 4017 13 4039 «—ﬁ— 1.01 [0.47;217] 285%
Mitchell 2008 0 298 4 284 —fF— 0.11 [0.01;1.96] 24%
Smith 2019 9 1521 12 1513 <« 0.75 [0.32;1.77] 236%
Pooled RR (random effects) 7174 7184 —*- 0.97 [0.62; 1.54] 100.0%
Heterogeneity: 2= 13%, p =033 ! ) ! !

0.5 1 2 5

Risk Ratio

Fetal and Neonatal Deaths

Admission CTG 1A

Study Events Total Events Total RR 95%-Cl Weight
Cheyne 2003 0 157 0 177 - 1.13 [0.02; 56.46] 8.2%
Impey 2003 3 4017 3 4039 1.01 [0.20; 4.98] 49.3%
Mires 2001 2 1186 1 1181 L 1.99 [0.18; 21.93] 21.9%
Mitchell 2008 0 298 1 284 & 0.32 [0.01; 7.77] 12.3%
Smith 2019 0 1521 0 1513 0.99 [0.02;50.10] 8.2%
Pooled RR (random effects) 7179 7194 ——e R ——— 1.02 [0.33; 3.14] 100.0%
Heterogeneity: /> = 0%, p = 0.94 ! ! | ! !

025 05 1 2 10

Risk Ratio

Hypoxic Encephalopathy

Admission CTG 1A

Study Events Total Events Total RR 95%-Cl Weight
Mires 2001 6 1186 5 1181 : . 1.19 [0.37; 3.90] 64.6%
Smith 2019 2 1521 4 1513 L : 0.50 [0.09;2.71] 354%
Pooled RR (random effects) 2707 2694 e —— 0.88 [0.30; 2.56] 100.0%
Heterogeneity: = 0%, p =041 J I ; ! A

0.25 0.5 1 2 5

Risk Ratio

Forest plots comparing fetal and neonatal outcomes between admission cardiotocography (CTG) and intermittent auscultation (IA).
(A) Neonatal intensive care unit admissions, (B) Apgar score <7, (C) Fetal and neonatal deaths and (D) Hypoxic encephalopathy.
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FIGURE 5 | Forest plots comparing our findings with the previous systematic review and meta-analysis (Devane et al. [1]).

4.4 | Patient Experience and Values

Maternal experience is often overlooked in debates on fetal
monitoring. Limited research suggests admission CTG may
heighten anxiety, restrict mobility, and medicalise early labour
[48, 49]. Our PPI panel echoed these concerns, emphasising au-
tonomy and dignity in monitoring choices while highlighting

the frequent lack of consideration for women's views and feel-
ings in decision-making around monitoring practices. For some
women, however, CTG provides reassurance, safety, and the
sense of being closely observed by healthcare providers [50, 51].
Future research should incorporate patient-reported measures
and preference-based outcomes. Maternity services must ensure
women receive clear information on the purpose, benefits and
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limitations of monitoring options, supporting shared decision-
making that balances safety with experience.

4.5 | Strengths and Limitations

This review includes all five RCTs published to date evaluat-
ing admission CTG in high-income settings, with over 16341
participants. Inclusion of the Smith et al. trial strengthens the
generalisability and contemporary relevance of our findings.
Our comprehensive appraisal of study design and implemen-
tation adds practical insights for policy and clinical practice.
Our GRADE assessment provides a transparent evaluation of
evidence certainty, highlighting that whilst our conclusions are
supported by moderate-certainty evidence for most outcomes,
methodological issues prevent higher certainty ratings. The con-
sistency of findings across outcomes, despite these limitations,
strengthens our overall conclusions.

However, methodological heterogeneity, limited power to de-
tect rare outcomes, and evolving obstetric practices over the
study period constrain interpretation. Differences in CTG in-
terpretation criteria, patient selection and intervention proto-
cols limit comparability and generalisability. Moreover, none
of the included studies were blinded, which may have influ-
enced clinical decision-making. These limitations underscore
the need for standardised approaches in future research, whilst
simultaneously supporting the robustness of our main finding
that admission CTG increases interventions without improv-
ing outcomes.

Importantly, our meta-analysis provides strong evidence against
the routine use of admission CTG in low-risk pregnancies based
on currently available RCT data. Primarily, with few cases of
hyoxia encephalopathy and low certainty of evidence on this
outcome, we cannot entirely exclude some potential benefit that
could arise either from early identification of compromised fe-
tuses or targeted prevention of intrapartum harm. Our findings
only apply where an admission CTG is compared with IA in
low-risk populations. Furthermore, the largest trial specifically
excluded women for whom the colour of the amniotic fluid was
unknown. The continuing divergence of opinion in this field
likely reflects the fact that different stakeholders may be using
CTG to address different clinical questions, including enabling
more rapid fetal assessment, not all of which have been ade-
quately studied through RCTs.

5 | Conclusion

Our updated review of five RCTs with over 16000 women with
low-risk term pregnancies, demonstrates that routine admis-
sion CTG does not improve neonatal or maternal outcomes. The
addition of Smith et al. [30] in this updated meta-analysis in-
creased the total sample size and reduced the relative risk for
caesarean section from 20% to 9%, which is no longer statisti-
cally significant. The perception of increased caesarean section
had been a central argument against routine use of admission
CTG; however, with updated evidence, this association appears
weaker than previously suggested. Nonetheless, the absence of

demonstrable maternal or neonatal benefit remains a compel-
ling reason to prioritise IA for low-risk women.

For maternal units employing admission CTG, standardised
protocols (20min), interpretation criteria, and clear manage-
ment pathways are essential to avoid an unwarranted cascade
of interventions. Targeted studies examining specific contexts
where admission CTG might offer genuine benefit to well-
defined populations are required to address the evidence gap.
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