
Short, medium, and long deferral of umbilical cord clamping Short, medium, and long deferral of umbilical cord clamping compared withcompared with
umbilical cord milking and immediate umbilical cord milking and immediate clamping at preterm birth: a systematicclamping at preterm birth: a systematic
review and network review and network meta-analysis with individual participant datameta-analysis with individual participant data
Heike Rabe

Publication datePublication date
09-12-2023

LicenceLicence
This work is made available under the CC BY 4.0 licence and should only be used in accordance with that
licence. For more information on the specific terms, consult the repository record for this item.

Document VersionDocument Version
Accepted version

Citation for this work (American Psychological Association 7th edition)Citation for this work (American Psychological Association 7th edition)
Rabe, H. (2023). Short, medium, and long deferral of umbilical cord clamping compared with umbilical cord
milking and immediate clamping at preterm birth: a systematic review and network meta-analysis with
individual participant data (Version 1). University of Sussex. https://hdl.handle.net/10779/uos.24573202.v1

Published inPublished in
The Lancet

Link to external publisher versionLink to external publisher version
https://doi.org/10.1016/S0140-6736(23)02469-8

Copyright and reuse:Copyright and reuse:
This work was downloaded from Sussex Research Open (SRO). This document is made available in line with publisher policy
and may differ from the published version. Please cite the published version where possible. Copyright and all moral rights to the
version of the paper presented here belong to the individual author(s) and/or other copyright owners unless otherwise stated. For
more information on this work, SRO or to report an issue, you can contact the repository administrators at sro@sussex.ac.uk.
Discover more of the University’s research at https://sussex.figshare.com/

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(23)02469-8
mailto:sro@sussex.ac.uk
https://sussex.figshare.com/


1 
 

Umbilical cord clamping strategies at preterm birth: a systematic review and network meta-
analysis with individual participant data 

Authors 

Anna Lene Seidler, Sol Libesman, Kylie E Hunter, Angie Barba, Mason Aberoumand, Jonathan G 
Williams, Nipun Shrestha, Jannik Aagerup, James X Sotiropoulos, Alan A Montgomery, Gillian M L 
Gyte, Lelia Duley*, Lisa M Askie*, and iCOMP Collaborators† 
 
*L Duley and L M Askie contributed equally to this manuscript 
†Collaborators are listed at the end of this manuscript 
 
Affiliations 

University of Sydney, NHMRC Clinical Trials Centre, Sydney, NSW, Australia (A L Seidler PhD, M 
Aberoumand MAppStat, K E Hunter MPH, A Barba MSciMed, S Libesman PhD, J G Williams PhD, N 
Shrestha PhD, J Aagerup MPH, J X Sotiropoulos MD, Prof L M Askie PhD); 
 Nottingham Clinical Trials Unit, University of Nottingham, Nottingham, United Kingdom (Prof A A 
Montgomery PhD, Emeritus Prof L Duley MD); 
National Childbirth Trust, London, United Kingdom (G M L Gyte MPhil); 
 
 

 

 

 

  



2 
 

Summary 
Background 
Deferred (also known as delayed) cord clamping at preterm birth improves survival, but the optimal 
timing remains unclear. We compared umbilical cord clamping strategies, including alternative 
timings for clamping and cord milking. 
Methods 
For this systematic review with individual participant data network meta-analysis (IPD-NMA), we 
searched medical databases and trial registries (until 24 February 2022; updated 6 June 2023) for 
randomised trials comparing cord clamping strategies for preterm births (<37 weeks). IPD were 
harmonised and assessed for risk of bias and quality. Interventions were grouped into immediate 
clamping, short deferral (≥15 to <45 seconds), medium deferral (≥45 to <120 seconds), long deferral 
(≥120 seconds), and intact cord milking. The primary outcome was death before hospital discharge. 
We calculated one-stage, intention-to-treat Bayesian random-effects IPD-NMA. This study was 
registered with PROSPERO (CRD42019136640). 
Findings 
We included IPD from 47 trials for 6,094 participants. Of all interventions, long deferral reduced 
death before discharge the most (compared to immediate clamping: odds ratio=0·31; 95% credibility 
interval 0·11-0·81, moderate certainty) with a 91% probability of being the best option. Credibility 
intervals for medium and short deferral and cord milking crossed the line of no effect. Risk of bias 
was low for 33% of trials, 47% had some concerns and 20% were rated high. Heterogeneity was low, 
with no indication of inconsistency. 
Interpretation 
This study found that long deferral of clamping likely leads to a large reduction in death before 
discharge in preterm infants. Long deferral lasts for at least two minutes, or in some studies longer if 
lung aeration has not occurred. In infants assessed as requiring immediate resuscitation, this finding 
may only be generalisable if there are provisions for such care with the cord intact. These results are 
based on thoroughly cleaned and checked IPD and will inform future guidelines and practice.  
Funding 
Australian National Health and Medical Research Council. 
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Panel: research in context 

Evidence before this study 

Worldwide, almost 13 million babies are born preterm annually, and almost one million die. Deferral 
of umbilical cord clamping can reduce death in preterm infants. Our systematic review and individual 
participant data pairwise meta-analysis published in the same issue showed with high certainty that 
deferred cord clamping reduced death before discharge by one third. Yet, the question of how long 
to wait before clamping the cord remains unanswered. Current recommendations in practice 
guidelines range from deferral for 30 seconds to at least 60 seconds, and some recommend 
considering cord milking as an alternative. To resolve this question, we performed a systematic 
review and individual participant data network meta-analysis to compare and rank different timings 
of deferred cord clamping, intact cord milking, and immediate clamping. We searched medical 
databases and clinical trial registries up to 24 February 2022 (updated 6 June 2023) including terms 
such as “umbilical cord”, “clamp$”, “milk$”, “preterm” and “premature” without language 
restrictions. All published and unpublished randomised controlled trials examining cord clamping 
strategies in preterm infants were eligible and investigators were invited to share individual 
participant data. 

Added value of this study 

Whilst previous reviews have looked at any deferral of cord clamping, this individual participant data 
network meta-analysis compares different timings of cord clamping and cord milking in preterm 
infants (<37 weeks’ gestation), combining high-quality individual participant data from 47 trials with 
6,094 participants. Network meta-analysis allows comparison and ranking of different intervention 
strategies, including different timings of deferral and intact cord milking, in the same analysis. Using 
individual participant data in network meta-analysis enables more precise, reliable and informative 
results, by maximising data quality and availability, examining and adjusting for covariates across 
trials, and standardising analyses. This study shows that longer deferral of cord clamping (≥120 
seconds) has a high probability (91%) of being the best strategy for preventing death before 
discharge in preterm infants, showing a large reduction for this treatment group compared to 
immediate clamping (odds ratio 0·31; 95% credibility interval 0·11-0·81, moderate certainty).  

Implications of all available evidence 

This network meta-analysis found that longer deferral of cord clamping likely leads to larger 
reductions in death before discharge. In infants assessed as requiring immediate interventions (e.g. 
resuscitation), this finding may only be generalisable if there are provisions to provide such care with 
the cord intact. Our study shows that there is no longer equipoise for immediate cord clamping, 
since this treatment had a high probability of being ranked worst for the primary outcome of death 
before discharge and also for the key secondary outcome of receiving any blood transfusion. 
Preliminary qualitative research has found deferring cord clamping can be a positive experience for 
mothers, as it allows an immediate, prolonged connection with their newborns. In combination, 
these results may lead to a change in clinical practice to defer cord clamping in preterm infants for 
longer time periods. This will require multidisciplinary teams of midwives, obstetricians and 
paediatricians working together to defer clamping whilst ensuring the baby is warm, breathing and 
cared for. 
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Main text 

Background 

Infants born preterm (<37 weeks’ gestation) have a high risk of mortality and severe morbidity due 
to immaturity of organs and body systems. 1,2 Deferring umbilical cord clamping is an effective 
intervention to reduce mortality for preterm infants, with our pairwise individual participant data 
(IPD) meta-analysis3 showing reductions in odds of death before discharge by one third, compared to 
immediate clamping. This effect appears robust across key subgroups3 and suggests that preterm 
infants benefit from continued umbilical flow at birth. 4 However, the question of how long to wait 
before clamping the cord remains unanswered. 

For preterm infants, the transition from foetal to neonatal respiration may take longer than at term. 

5,6 Deferring cord clamping may provide more time for the newborn to aerate its lungs, thus 
providing a smoother transition to neonatal respiration than if the cord is clamped too soon. 5,6 
However, some infants, especially those born extremely preterm, may require immediate assistance 
with lung aeration or advanced resuscitation, 7 which may be logistically challenging with the cord 
intact. 8 In practice, there are many cord clamping strategies available, including different timings of 
clamping or umbilical cord milking, but little guidance on which to choose. 

Global guidelines for preterm cord clamping strategies vary considerably (Appendix p.1-2).  
Recommendations for when to clamp range from 30 to at least 60 seconds; some recommend cord 
clamping only when the lungs are aerated and others suggest cord milking. 9-15 Over 100 trials have 
compared strategies for cord clamping at preterm birth, yet, none of the previous systematic 
reviews had the capacity to compare different timings of deferral and cord milking. 16 Thus, the 
question of which cord clamping strategy works best remained unresolved. 

Network meta-analysis (NMA) combines direct and indirect evidence to estimate comparative 
effectiveness of cord clamping strategies. 17 Combining IPD with NMA can improve precision, 
increase information and reduce bias. 18 The aim of this study was to conduct a systematic review 
and IPD-NMA to compare and rank different cord clamping strategies for preterm infants.  

Methods 

Overview 

Methods were pre-specified in a published protocol, 19 PROSPERO record CRD42019136640, and a 
statistical analysis plan that was time-stamped prior to analyses, including minor changes from the 
protocol based on anticipated data availability (Appendix p.13-18). We followed PRISMA-IPD20 and 
PRISMA-NMA21 statements (Appendix p.134-150). This review was supported by a Patient and Public 
Involvement representative (GG) with lived and research experience who contributed to this review 
through monthly meetings and comments on relevant outputs. The study protocol was approved by 
The University of Sydney Human Research Ethics Committee (approval number 2018/886). 

Search strategy and selection criteria 

We systematically searched medical databases (Medline, Embase, CENTRAL), clinical trial registries 
(ClinicalTrials.gov, WHO ICTRP), reference lists and conference proceedings up to 24 February 2022; 
updated 6 June 2023. Full details of each search strategy are available in Appendix pp.151-176, and 
matched our companion IPD pairwise meta-analysis, 3 but inclusion criteria, outcomes and analysis 
strategy differed. We included all randomised trials comparing umbilical cord clamping strategies at 
preterm birth. Eligible participants were preterm babies (<37 weeks’ gestation). If trials included 



5 
 

both term and preterm babies, only data for preterm babies (<37 weeks’ gestation), were included. 
Interventions were grouped into five nodes: immediate clamping (as soon as possible or <15 
seconds), short deferral (≥15 to <45 seconds), medium deferral (≥45 to <120 seconds), long deferral 
(≥120 seconds or for some trials longer if lung aeration had not occurred by the time cut-off), and 
any intact cord milking (i.e. milking before the cord was clamped). Some pre-specified nodes such as 
cut cord milking had to be collapsed/excluded due to limited data availability (Appendix pp.175-
176). All intervention categories were pre-specified, randomised comparisons and based on pre-
specified planned (not observed) deferral or milking. Trials were included regardless of whether 
initial neonatal care was provided with the cord intact. Cluster- and quasi-randomised trials were 
excluded. 

Each trial was screened by at least two reviewers; uncertainties were resolved by a third reviewer or 
by contacting trial authors. There were no language restrictions. Lead investigators of eligible studies 
were invited to join the individual participant data on Cord Management at Preterm birth (iCOMP) 
Collaboration and share their IPD.  

Data collection and management 

We followed an extensive, pre-specified data collection and management process that has been 
described in detail elsewhere (Appendix p.19-25). Data were harmonised, re-coded, cleaned, and 
cross-checked against published records. All steps were performed in duplicate and queried with 
trial investigators, where necessary. If IPD could not be retrieved, summary data were extracted 
from publications. 

Outcomes and subgroup analyses 

The primary outcome was infant death before hospital discharge. Key secondary outcomes were 
intraventricular haemorrhage (IVH) (any grade) and blood transfusion (any). We examined subgroup 
differences testing for effect modification for the pre-specified variables gestational age at birth and 
mode of birth (vaginal/caesarean), and for infant sex as a post-hoc analysis. We were unable to 
assess effect modification for ‘type of pregnancy (singleton, multiple)’ since parameters could not be 
estimated due to lack of model convergence, ‘highest level of care available’, since all infants had 
access to a neonatal intensive care unit, and ‘ethnicity’ due to sparse and heterogenous data. 

Risk of bias, integrity, and certainty of evidence 

Risk of bias was assessed for all studies by adapting Cochrane criteria for IPD. 22 We conducted 
separate risk of bias assessments for death before discharge and the two key secondary outcomes 
(Appendix pp.177-228). We performed comprehensive, pre-specified data quality and integrity 
checks, including items such as retraction notices, ethics approval, implausible values, and 
randomisation (Appendix p.23-25). Certainty of evidence was assessed using the Confidence in 
Network Meta-Analysis (CINeMA) framework, 23,24 which is based on the GRADE framework but 
adapted for NMA.   

Data analysis 

All analyses were pre-specified in the statistical analysis plan (Appendix p.64-75) and performed in R 
software version 4.2. 25 All analyses were intention-to-treat, and any post-randomisation exclusions 
were re-included where possible. We employed random-effect network meta-analyses using a one-
stage generalised linear modelling approach within a Bayesian Framework. Distributions were 
estimated using Markov Chain Monte Carlo simulation using JAGS26 and R2jags. 27 Detailed model 
specifications and analysis code are provided in Appendix p.268-277. 28,29 We chose a Bayesian 



6 
 

framework for this analysis, since frequentist frameworks are less suited to incorporate pre-specified 
complex model features, including accounting for small clusters (multiple births), multi-arm trials 
and adjusting for key covariates. For uninformative priors (as was the case in our analysis), 
frequentist and Bayesian network meta-analysis approaches have been shown to produce 
comparable results in simulation studies. 30 Further explanation of network meta-analysis 
terminology and principles is available elsewhere. 31-33 

Direct and indirect treatment effects were linked in a single network using the consistency equation. 
Correlations among multiple pregnancies were accounted for with nested random intercepts. 
Prognostic factors gestational age, multiple gestation, and mode of birth were adjusted for within 
each trial. Each binary outcome used a linear model with Bernoulli likelihood and logit link. 
Uninformative priors in log units (normal distribution, mean = 0, standard deviation = 100) were 
placed on treatment effects, prognostic factors and effect modifiers. Convergence was monitored 
with visual inspection of trace plots and confirmed when rhat <1·05, meaning the model was stable 
in its distribution estimation. 

For each model, we report posterior mean relative effect odds ratios (OR) with 95% credible interval 
(CrI), along with the posterior mean rank of each treatment with 95% Crl, and the rank probability 
plots (rankograms). Transitivity was examined by comparing the distributions of effect modifiers 
across treatments. To assess consistency, the conflict of direct and indirect evidence was checked 
globally using unrelated mean effects and locally using node-splitting. Heterogeneity was estimated 
with prediction intervals and by inspecting the between-trial heterogeneity parameter, τ². We 
assumed a common heterogeneity parameter (τ²), which assumes the variance between trials is 
shared for all treatment contrasts. This enables the model to account for between study variance 
whilst enhancing the estimation of heterogeneity. Robustness to bias of the best treatment ranking 
was examined using a contrast-based threshold analysis. 34,35 The funder of this study had no role in 
study design, data collection, analysis, interpretation, or writing of the report. 

Results 

Our search identified 2,369 citations and we reviewed 435 full-text articles (Figure 1). Overall, 122 
completed studies appeared eligible, but 31 of these were unpublished. We retrieved IPD for 61 
studies (13 unpublished). Of the 61 studies, five were excluded due to missing data (e.g. data for 
>60% of eligible participants provided due to lost records), or integrity issues (e.g. major 
discrepancies between IPD and published data, lack of association between variables known to be 
highly correlated, i.e. gestational age and birthweight). Another nine studies were excluded as they 
did not fit our intervention categories or network (e.g. not connected to network, both interventions 
within same category, combining two intervention categories). Aggregate data from publications 
were available for 14 trials. Following our pre-specified decision criteria, we did not combine IPD 
with aggregate data in our primary analysis due to higher risk of bias, integrity concerns, larger effect 
sizes for aggregate data trials compared to IPD trials, and inability to perform the same rigorous 
analyses (Appendix pp.229-249). 36 Instead, we performed a sensitivity analysis combining aggregate 
data with IPD for the primary outcome. Our updated search (June 2023) identified an additional five 
published small trials, but these did not contribute to our analyses (1 had integrity issues, 4 had no 
data for our primary outcome) (Appendix pp.155-174). 

Thus, this network meta-analysis included 47 trials with IPD for 6,094 infants. Study characteristics 
(e.g., year, country of study, sample size) can be found in Appendix pp.250-266. The median trial 
sample size was 60 (IQR 40 to 127). In total, 2,048 participants were randomised to immediate cord 
clamping, 2,869 to different timings of deferred clamping and 1,177 to intact cord milking. The 
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median gestational age at birth was 29·6 weeks (IQR 27·6 to 33·3), 54% (n=3070) of infants were 
male, 61% (n=3487) were born by caesarean and 17% (n=981) were multiples. The primary outcome 
was missing for 4/6,094 (<0·1%) infants. Baseline characteristics by intervention group are in 
Appendix p.261. 

Figure 2 shows the network of eligible comparisons for each outcome. For death before discharge, 
30 trials (4,712 infants) reported at least one event and were available in the network. Direct 
comparisons were available for all but one intervention pair (long versus medium deferral). 
Compared to immediate clamping, long deferral (≥120 sec) reduced death before discharge (OR 
0·31; 95%CrI 0·11-0·80, moderate certainty, number needed to treat = 18, 95%CrI 6-90, Figure 3). 
Credibility intervals for medium and short deferral crossed the line of no effect: medium deferral 
(OR 0·76; 95%CrI 0·48-1·39, low certainty) and short deferral (OR 0·82; 95%CrI 0·41-1·73, very low 
certainty). Intact cord milking also crossed the line of no effect (OR 0·75; 95%CrI 0·41-1·43, very low 
certainty). Figure 4 shows ranking probabilities of different interventions. Long deferral had a 91% 
probability of being the best treatment to prevent death before discharge, while medium deferral 
and intact cord milking had a high probability of being second or third best. Immediate clamping had 
<1% probability of being the best treatment for preventing death before discharge, and a 53% 
probability of being the worst treatment. There was no indication of substantial heterogeneity 
(τ=0·20, 95% Crl 0·01-0·67). Long deferral versus immediate clamping would be expected with more 
than 95% probability to repeat a benefit of long deferral in a future study, since the prediction 
interval did not cross the line of no effect, when accounting for heterogeneity across studies (Figure 
3). There was largely no effect modification for participant characteristics, including gestational age 
(Appendix pp.284-285), albeit there was some indication that short and long deferral may have had 
stronger effects on death before discharge compared to immediate clamping for vaginal instead of 
caesarean births. This finding was not evident for medium deferral.  

For IVH (any grade), 27 trials (4,283 infants) reported at least one event and were available for 
analysis (Figure 2). Trials were available for all head-to-head intervention comparisons, except long 
deferral, where only one trial, with immediate clamping as comparator, had data available (due to 
no events or missing data for other comparisons). There was no clear difference for IVH across any 
of the comparisons (Figure 3), and major uncertainties around ranking of interventions (any 
intervention may have been the best or the worst) for this outcome (Appendix pp.279-280,283). 
Certainty of evidence was very low for all comparisons, due to imprecision and within-trial bias. 

For any blood transfusion, 29 trials (4,746 infants) reported at least one event and were available for 
analysis. Again, there were direct comparisons between all intervention groups, except long deferral, 
for which only one trial with events compared long deferral to immediate clamping. Compared to 
immediate clamping, short and medium deferral and intact cord milking all reduced any blood 
transfusion by about 50% (Figure 2). For short deferral the OR was 0·44 (95%CrI 0·17-0·90, moderate 
certainty), for medium deferral OR was 0·45 (95%CrI 0·23-0·75, moderate certainty) and for intact 
cord milking OR was 0·56 (95%CrI 0·31-0·90, low certainty) (Figure 2). The prediction intervals were 
large for all comparators due to substantial heterogeneity (τ=0·57, 95%Crl 0·08-1·09), and crossed 
the line of no effect, which led to downgrading of certainty of evidence (Figure 3, Appendix pp.280-
281, 304). For long deferral, evidence was inconclusive due to insufficient evidence (OR 0·55; 95%CrI 
0·12-2·43, very low certainty). Immediate clamping had <1% probability of being the best treatment 
(Appendix pp. 280, 284).  

For the primary outcome of death before discharge, 10/30 trials (33%, 2374 infants) were rated as 
‘low risk of bias’, 14 (47%, 1820 infants) as ‘some concerns’ and 6 (20%, 518 infants) as ‘high risk’. 
For the secondary outcome IVH, 7/27 trials (26%, 485 infants) were rated as ‘low risk of bias’, 6 
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(22%, 953 infants) as ‘some concerns’ and 14 (52%, 2845 infants) as ‘high risk’. For blood transfusion, 
4/29 trials (14%, 270 infants) were rated as ‘low risk of bias’, 8 (28%, 1226 infants) as ‘some 
concerns’, and 17 (59%, 3250 infants) as ‘high risk’. These ratings have been incorporated in the 
certainty of evidence assessments (Appendix pp.301-304). 

Our sensitivity analyses revealed no substantive differences in results when examining different 
clustering approaches, heterogeneity priors, outcome definitions and model specifications 
(Appendix p.268). Results were also consistent when excluding high risk of bias trials, changing cut-
offs for timing of deferral, and including aggregate data from publications in an unadjusted two-
stage network meta-analysis model for the primary outcome death before discharge (Appendix 
p.267). Threshold analysis revealed treatment contrasts for death before discharge were robust to 
plausible bias (Appendix p.287-293). There was no substantial indication of network inconsistency; 
direct and indirect effect estimates were consistent across comparisons (Appendix p.267). 

Discussion 

This is the first IPD-NMA comparing different timings of deferred cord clamping, intact cord milking 
and immediate clamping in preterm infants. We analysed IPD from 47 trials incorporating 6,094 
participants across five comparisons of alternative cord clamping strategies. Waiting at least two 
minutes led to a large reduction in death before discharge (OR 0·31, 95%CrI 0·11-0·80), with a 91% 
probability that this is the best treatment to prevent death before discharge for preterm infants. 
This reduction in mortality increased with length of deferral. However, CrIs for medium and short 
deferral crossed the line of no effect, as did CrIs for intact cord milking. Immediate clamping had a 
very low (<1%) probability of being ranked the best treatment for preventing death before 
discharge.  

Until recently, it was standard practice to clamp the cord immediately after birth, so the preterm 
baby could be dried, wrapped, and if necessary, stimulated and resuscitated. 37,38 Our study shows 
that there is no longer equipoise for immediate clamping, since this treatment had a high probability 
of being ranked worst for the primary outcome of death before discharge and also for the key 
secondary outcome of receiving any blood transfusion. Instead, we found the highest reduction of 
mortality for long deferral of cord clamping of at least two minutes. This is different to current 
standards that recommend shorter deferral times, and will likely result in changed clinical practice 
worldwide. It is also consistent with findings in animals that deferring clamping until after lung 
aeration avoids the reduction in cardiac output caused by immediate clamping. 5,6   

We did not find any evidence of treatment effects for our key secondary outcome IVH (any grade), 
but certainty of evidence was very low due to low event rates. This contrasts with a previous NMA 
using aggregate data from published studies16 that found an improvement in IVH for both umbilical 
cord milking (combining cut and intact milking) and deferred clamping (any timing), compared to 
immediate clamping. This difference in results may be explained by several factors. Our analysis 
used IPD rather than aggregate data accounting for the correlation of outcomes between multiple 
births; and we excluded several studies with quasi-randomisation or integrity concerns that were 
included in the previous NMA. We also included additional recent and unpublished studies. For our 
other key secondary outcome of any blood transfusion, the odds were halved for short and medium 
deferral, and for intact cord milking, compared to immediate clamping. The evidence was 
inconclusive for long deferral, with only one trial reporting this outcome.  

Our companion pairwise meta-analysis3 has shown, with high certainty, that deferring cord clamping 
reduces death before discharge for preterm infants, and this finding appears robust across several 



9 
 

participant- and trial level subgroups. Additionally, our pairwise analysis showed improved 
haematologic markers and decreased blood transfusion for deferred clamping and cord milking. The 
present NMA significantly complements these findings by assessing the comparative effects of 
different deferral times and intact cord milking. Whilst there appears to be a dose-response effect of 
deferral time for reducing death before discharge, the outcome for reducing blood transfusions 
appears stable across different deferral times and cord milking, with comparable effect sizes. 

This study has many strengths that stem from assembling a large dataset of high-quality IPD to 
compare different timings of cord clamping and intact cord milking. The collaborative process 
involved close communication with global study investigators which greatly improved data quality 
and interpretation. We used innovative data quality and integrity tools, to ensure only high-quality 
data were included in the analyses. 41,42 Importantly, using IPD allowed us to use advanced modelling 
techniques, for instance by adjusting for covariates and for correlations among multiple births, 
which reduced heterogeneity in the network. 43 Levels of missing data were low for our primary 
outcome of death before discharge (<0·1%). 

A limitation of this study was the inability to retrieve IPD for all eligible studies resulting in 16% (303 
infants, 13 trials) of the potential mortality data being sourced only from publications. However, our 
retrieval rates were higher than for most IPD meta-analyses, 44 44 and our results were consistent in a 
sensitivity analysis including aggregate data (Appendix p.245-249). We also deviated from our 
original statistical analysis plan by analysing the data in R2jags instead of the pre-specified package 
multinma, as multinma did not allow us to account for clustering of multiples. Model building 
principles remained the same. Some pre-specified intervention categories, such as cut cord milking, 
were excluded from the network due to insufficient data provided by the few studies connecting this 
intervention to the network. 29 Risk of bias resulted in lower certainty of evidence for some 
comparisons.  

Treatment adherence (i.e. whether the infant received the intervention they were randomised to)  
was underreported in most studies. When it was reported, it was frequently low for infants 
randomised to deferred clamping (<75%), mostly due to these infants receiving shorter deferrals, 
immediate clamping, or milking instead. It is likely that the most unwell infants often did not receive 
their allocated intervention due to the assumed need for immediate care. 45 Intention-to-treat 
analysis means this does not lead to confounding. Yet, generalisability is limited since it is not clear if 
these infants would have benefited most from a cord clamping intervention, or were correctly 
assessed as requiring care urgently and clamped early. Additionally, many studies excluded at-risk 
populations (exclusion criteria summarised in Appendix p.305-314). Future studies should collect in-
depth adherence measures and focus on recruiting the sickest babies. Although several trials were 
conducted in middle-income countries, all of them were conducted in hospitals with neonatal 
intensive care units. Therefore, findings may not be generalisable to low-resource settings. 

Table 1 provides details of the five trials with at least one event included in the ‘long deferral’ 
intervention category for the primary outcome death before discharge. These five trials all had a 
time-based criterion for deferral of clamping (three studies ≥ 120 seconds; two studies ≥180 
seconds), albeit two trials combined the time-based criterion with a physiological criterion (e.g. 
waiting at least 120 seconds or longer until lung aeration has been established/until cord has ceased 
pulsing). Trials in this intervention category included infants across all gestational ages, with 28% 
(n=160) of infants being <28 weeks’ gestational age (Appendix p.317). There was no indication of 
differential effects across gestational ages. Importantly, none of the ‘long deferral’ trials left infants 
assessed as requiring immediate resuscitation on the cord without providing respiratory support. 
Two trials did not provide the allocated intervention to infants requiring resuscitation. 46,47 The other 
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three trials provided initial resuscitation and stabilisation with the cord intact using mobile 
resuscitation equipment. 48-It is important to note that individual trials were relatively small and 
none of them were statistically significant independently; the comparison between long deferral and 
immediate clamping only reached statistical significance when trials were combined. Large ongoing 
trials assessing long deferral will add further insights and more precise effect estimates. 50-53 

The utility of resuscitation with the cord intact is an important ongoing debate. 54 Our findings 
suggest that this practice may be beneficial, but further evidence is required. Several large trials are 
underway that will contribute data for an update of these analyses by late 2025. 50-53,55  For infants 
assessed as requiring resuscitation, future studies may also consider exploring potential differential 
or synergistic effects of resuscitation with the cord intact with various initial inspired oxygen 
concentration and oxygen titration strategies. 55,56 During deferred cord clamping, it is critical that 
infants receive the necessary interventions to effectively aerate and ventilate their lungs.  

When considering implementation of our findings into practice, several factors are important. 
Deferring cord clamping may seem counter-intuitive to some clinicians, since their intuition may be 
to rush the baby aside and intervene immediately. Providing support, particularly respiratory 
support, to preterm infants during this critical phase is a delicate process with a small therapeutic 
range, so appropriate training and equipment are important. Additionally, available evidence 
suggests that routine procedures such as drying and stimulating infants should not be delayed and 
can occur while deferring clamping. 57,58 A multidisciplinary approach involving midwives, 
obstetricians, neonatologists, paediatricians and parents is required to undertake successful deferral 
of cord clamping whilst ensuring the baby is warm, breathing and cared for. This may also improve 
treatment adherence with deferred cord clamping interventions. Preterm birth is stressful for 
parents, so their experiences should guide practice. In one cord clamping trial, parents randomised 
to deferred clamping reported more positive experiences than those randomised to immediate 
clamping, with parents reporting feeling positive about staying close and attached to their baby for 
longer after birth. 59 Whilst these results are encouraging for implementing longer deferrals and may 
reduce some perceived barriers to implementation, more research assessing parent’s perspectives is 
desirable and may be incorporated into future trials. Generally, cord clamping approaches and 
neonatal care decisions should be discussed and planned with parents before birth, if possible. A 
recently funded stepped-wedge implementation trial will provide additional insights on barriers and 
enablers of deferred cord clamping. 60 

To conclude, we found that long deferral of cord clamping by at least two minutes likely leads to a 
large relative reduction in death before discharge for preterm infants. Results are not generalisable 
to infants assessed as requiring immediate resuscitation, unless potentially when resources and 
equipment are available to provide initial respiratory support with the cord intact. Ongoing trials will 
provide further information. Our results will likely lead to a change in clinical practice to defer cord 
clamping in preterm infants for longer time periods. This will require multidisciplinary teams working 
together to undertake successful deferral of cord clamping whilst ensuring the baby is receiving 
high-quality care. 
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Figures 

 

Figure 1. PRISMA flow chart. 
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Figure 2. Network diagrams as panel. 

Note: Each circular node represents an intervention. The diameter of the circular node captures the 
total number of infants in an intervention. The width of the line linking the nodes captures the 
number of trials making a direct comparison between two interventions. 
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Figure 3. Forest plots for network meta-analysis of all trials for the outcomes death before discharge, 
intraventricular haemorrhage and blood transfusionNote: In these forest plots, all ‘comparator 
interventions’ are compared against the ‘reference’ intervention immediate cord clamping (ICC). 
Effect estimates on the x-axis are odds ratios on the log scale. The black squares capture the 
treatment effect estimate. The 95% credible intervals around this estimate are represented by the 
black line. The dashed blue line captures the 95% prediction interval. Number of infants and events 
contributing to each node can be found in the Appendix (p.318-320) 
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Figure 4. Rankogram for death before discharge. 

Note: Each rankogram depicts the probability of an intervention being ranked the 1st, 2nd, 3rd, 4th and 
5th best intervention for reducing death before discharge. Rank 1 is the best intervention and rank 5 is 
the worst intervention. For example, the top left panel evaluates immediate clamping and indicates 
there is a low probability that immediate clamping is ranked the best (1st) intervention and a higher 
probability that it is ranked the worst (5th) intervention. 
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