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Summary

Background

Umbilical cord clamping strategies at preterm birth may impact important outcomes. We aimed to compare the effectiveness of deferred clamping, cord
milking, and immediate clamping in reducing neonatal mortality and morbidity at preterm birth.

Methods

We conducted a systematic review and individual participant data (IPD) meta-analysis. We searched medical databases and trial registries (until 24 February
2022; updated 6 June 2023) for randomised trials comparing deferred (also known as delayed) clamping, cord milking, and/or immediate clamping for
preterm births (<37 weeks’ gestation). Authors of eligible studies were invited to join the iCOMP collaboration and share IPD. Data were checked,
harmonised, re-coded, and assessed for risk of bias following pre-specified criteria. The primary outcome was death before hospital discharge. We
performed intention-to-treat one-stage IPD meta-analyses accounting for heterogeneity to examine treatment effects overall and in pre-specified subgroup
analyses.

PROSPERO registration: CRD42019136640.

Findings

We included IPD from 48 randomised trials with 6,367 infants. Deferred clamping, compared to immediate clamping, reduced death before discharge (OR
0:68 95%CI 0-51-0-91, high-certainty evidence [assessed with GRADE], 20 studies, n=3,260, 232 deaths). Number needed to treat was 40 (95%CI 26-143).
For cord milking compared to immediate clamping, there was no clear evidence of a difference in death before discharge (OR 0-73, 95%Cl 0-44-1-20, low
certainty, 18 studies, n=1,561, 74 deaths). Similarly, for cord milking compared to deferred clamping, there was no clear evidence of a difference in death
before discharge (OR 0:95, 95%Cl 0-59-1-53, low certainty, 12 studies, n=1,303, 93 deaths). There was no evidence of subgroup differences for the primary
outcome, including by gestational age, mode of delivery, multiple birth, study year, and perinatal mortality rate.

Interpretation

This study provides high-certainty evidence that deferred clamping, compared to immediate clamping, reduces death before discharge in preterm infants.
This effect appears consistent across several participant- and trial-level subgroups. These results will inform international treatment recommendations.

Funding
Australian National Health and Medical Research Council.



Panel: research in context

Evidence before this study

Due to immaturity of multiple organs and body systems, infants born preterm (<37 weeks’ gestation) are at higher risk of death and major morbidities.
Waiting to clamp the umbilical cord for at least 60 seconds (called ‘deferred’ or ‘delayed’ cord clamping) is now recommended practice for term infants and
has been proposed alongside other strategies, such as cord milking, to improve the outcomes of preterm infants. Previous systematic reviews and meta-
analyses of randomised trials comparing cord clamping strategies at preterm birth (by Cochrane, the International Liaison Committee on Resuscitation
(ILCOR), and others) found some indication for differential cord management strategies improving preterm survival. For instance, the most recent review by
ILCOR (searches up to July 2019) found that deferred clamping ‘may slightly improve infant survival but may make no difference’ and effects of cord milking
on survival were inconclusive. However, these reviews were limited by reliance on published trial-level summary data, meaning unpublished trials or
outcomes were not included, outcomes were not harmonised across trials, and subgroup differences could not be evaluated. We searched medical
databases and trial registries up to 6 June 2023 without language restrictions for randomised trials of cord clamping strategies in preterm infants. Search

terms included “umbilical cord”, “clamp$”, “milkS”, “preterm” and “premature”. All identified published and unpublished trials were invited to share
individual participant data.

Added value of this study

This individual participant data meta-analysis brought together data from 48 trials with 6,367 infants to compare different cord clamping strategies. The
main added value of the current analysis is the high-quality rigorous approach providing robust evidence overall and for several secondary questions.
Individual participant data led to greater data availability, hence more power to assess safety and effectiveness outcomes. It also enabled more complex
and accurate analyses, including assessment of whether there were differential treatment effects for subgroups of participants. Comprehensive data quality
and integrity checks, combined with the collaborative process of working with international investigators and advisors, improved the quality of our dataset.

Implications of all available evidence

This individual participant data meta-analysis showed with high certainty that deferred cord clamping reduces death before discharge for preterm infants.
This effect appears robust across several participant- and trial-level subgroups (including gestational age at birth, mode of birth, multiple birth, sex, trial year
and perinatal mortality rate). Our companion network meta-analysis published in the same issue showed a dose-response effect of longer deferral (more
than two minutes) leading to larger reductions in death before discharge. Together, these results will challenge current practice, inform international
recommendations and guide clinical practice for cord clamping strategies at preterm birth.



Main text
Background

Worldwide, over 13 million infants are born preterm (<37 weeks’ gestation) annually. ! Of these, almost one million die, 2 with high morbidity and healthcare
costs for survivors. 3 For infants born at term, deferring umbilical cord clamping (or delayed clamping) improves haemoglobin/haematocrit levels, and reduces
iron deficiency incidence. Deferred clamping is now recommended routine practice for term infants, * however, whether this practice is also beneficial for
preterm infants is less clear.

Various cord clamping strategies have been proposed for preterm infants, including clamping the cord at different times, milking the intact or cut cord, or,
when necessary, providing respiratory support with the cord intact. Cord clamping stops blood flow between the placenta and infant, whilst deferring
clamping allows longer continuation of this flow after birth, and waiting until after the lungs are aerated may smoothen the transition from foetal to neonatal
respiration. >® Cord milking increases blood transfer from the placenta to the infant in a short timeframe, but may have harmful effects in preterm infants.”’

Over 100 randomised trials have compared different cord clamping strategies at preterm birth, ® and systematic reviews have reached different conclusions.
Earlier reviews for all preterm infants found a reduction in mortality for deferred compared with early clamping. >!° A more recent review restricted to those
born <34 weeks’ gestation, reported deferring clamping ‘may slightly improve infant survival but may make no difference’ compared with early clamping. !
Evidence on cord milking was inconclusive. ! This uncertainty about the optimal cord clamping strategy, particularly for high-risk infants such as those born
very preterm or needing resuscitation, has led to varying recommendations on cord management at preterm birth in national and international guidelines
(Appendix p.1). %16

Individual participant data (IPD) meta-analysis is the gold standard for combining data from randomised trials. IPD refers to de-identified participant-level
data, with many advantages for meta-analysis, including more exact statistical modelling for rarer outcomes and more powerful and reliable subgroup
analyses to examine hypotheses about differential individual-level treatment effects. 1’ This manuscript presents results from pairwise comparisons and
subgroup analyses. Results from a complementary network meta-analysis are published in a companion article in this issue. ¥ The aim of this study was to
conduct a systematic review and IPD meta-analysis to evaluate the effects of deferred cord clamping, cord milking and immediate clamping on mortality and
morbidity for preterm infants.

Methods
Overview

Methods were pre-specified in a published protocol,  PROSPERO record (CRD42019136640), and a statistical analysis plan, time-stamped before any
analyses, including minor changes from the protocol based on data availability (Appendix p.3). We followed PRISMA-IPD reporting guidelines® (Appendix



p.134). This review was supported by a Patient and Public Involvement representative (GG) with lived and research experience through monthly meetings
and reviewing 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) and trial registries (ClinicalTrials.gov, WHO ICTRP) until 24 February 2022
(updated 6 June 2023) following recommended guidelines?! (Appendix p.140). Additionally, we consulted our network, searched reference lists of relevant
reviews , and conference proceedings. Eligible participants were people giving birth preterm (<37 weeks’ gestation) and their infants. Henceforth, we will use
the terms ‘mother’ and ‘maternal’ to respectfully refer to people of any gender giving birth. For studies including both term and preterm births, only preterm
births were included. We included randomised controlled trials evaluating any cord management intervention to enhance umbilical blood flow or facilitate
respiratory transition, and immediate cord clamping. There were no date, peer-review or language restrictions. Interventions were grouped into three
prespecified comparisons (Appendix p.139): 1) any deferral of cord clamping versus immediate clamping (as soon as possible or within 15 seconds); 2) any
cord milking (cord intact or cut) versus immediate clamping; 3) any cord milking versus deferred clamping. Cluster-randomised or quasi-random studies were
excluded.

Each study was screened in duplicate, with conflicts resolved by a third reviewer. If eligibility was unclear, study authors were contacted. Chief Investigators
of all eligible trials were invited to join the individual participant data on COrd Management at Preterm birth (iCOMP) Collaboration, to provide input into the
protocol and statistical analysis plan and share their IPD.

Data collection and management

We followed an extensive, pre-specified data collection, processing, re-coding, cleaning, checking, querying, and merging process to ensure high-quality
datasets (Appendix p.3). De-identified IPD were requested for pre-specified variables according to a standardised data coding form (Appendix p.3). Data were
systematically checked for invalid, inconsistent, out-of-range and missing values. All variables and trial information were cross-checked against published
reports and trial registry records. Each step was conducted by two reviewers, with discrepancies resolved by a third. Remaining inconsistencies were queried
with investigators and resolved consulting our secretariat and advisors. Finalised IPD from all trials were combined into one dataset. If IPD could not be
retrieved for a trial, we extracted summary data from published records in duplicate, following a purpose-built extraction form.

Outcomes and subgroup analyses

Our primary outcome was death before hospital discharge for all infants <37 weeks’ gestation. Several participant-level and hospital/trial-level subgroups
were pre-specified to assess differential treatment effects for this primary outcome. Pre-specified participant-level subgroups included gestational age at
birth, singleton/multiple pregnancy, and mode of birth, with infant sex assessed post-hoc. We were unable to assess ethnicity due to sparse and heterogenous



data. Hospital/trial-level subgroups included study year, perinatal mortality rate, whether initial resuscitation was provided at bedside with cord intact, and
planned position of the infant relative to the placenta (above/below).

We pre-specified secondary outcomes separately for preterm infants <32 weeks’ and 232 weeks’ gestation, since these infants have different morbidities and
may respond differently to treatment. 222® Qutcomes were categorised prospectively as key secondary outcomes, including any blood transfusion,
hypothermia on admission, and intraventricular haemorrhage (any or severe) for both gestational age groups, as well as chronic lung disease, late-onset
sepsis, necrotising enterocolitis, and patent ductus arteriosus in infants <32 weeks’ gestation. Other secondary outcomes included haematologic measures,
other morbidities of prematurity, and markers of illness severity. Pre-specified maternal outcomes included death and safety outcomes (e.g. postpartum
haemorrhage).

All outcomes and subgroups are defined in the statistical analysis plan (Appendix p.3). Pre-specified long-term follow-up outcomes including
neurodevelopmental outcomes and disability-free survival are currently being collected with anticipated analysis in 2024.

Risk of bias, integrity, certainty of evidence

Risk of bias was assessed for all studies using IPD, publications, and information provided by study authors with Cochrane criteria adapted for IPD. %’ We
conducted separate risk of bias assessments for death before discharge, delivery room, and post-delivery room outcomes, since levels of blinding and missing
data varied across these outcomes (Appendix p.164). Integrity and data quality were assessed following a pre-specified checklist collated from previous tools,
2829 including items such as ethics approvals, incomplete data, implausible values, and publication retraction notices or expressions of concern (from
Retraction Watch (http://retractiondatabase.org/), PubPeer (https://pubpeer.com/)) (Appendix p.3). Certainty of evidence was assessed using the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) approach3®3! for the primary and key secondary outcomes, and an adaptation of

the GRADE approach for subgroup analyses (Appendix p.265). All assessments were performed in duplicate, and adjudicated by a third reviewer.

Data analysis

All analyses were pre-specified in the statistical analysis plan (Appendix p.3) and performed in R software version 4.2.3 We followed pre-specified decision
criteria on whether to include published data when IPD were unavailable, comparing trial characteristics, effect sizes, risk of bias, and integrity. All analyses
were intention-to-treat, and included all available data (including post-randomisation exclusions where possible, albeit not all trials contributed data to all
outcomes due to no events. For each outcome, a one-stage meta-analysis approach assuming a common (fixed) treatment effect was employed, ** with
generalised linear mixed-effects models fitted using Ime4 version 1.1.33.3* Intercepts were stratified by trial to account for clustering. We adjusted for the
pre-specified covariate gestational age, mean-centered by trial. Correlation of outcomes from multiple births were accounted for with random effects for
each maternal intercept. We used mixed-effects logistic regression models to estimate odds ratios (OR) for dichotomous outcomes, since our full models
failed to converge for risk ratios (RR). 3 For outcomes with low event rates (as expected for primary and most key secondary outcomes) OR and RR may be


http://retractiondatabase.org/

interpreted virtually interchangeably. 3 We use mixed-effects linear regression models to estimate mean differences (MD) for continuous outcomes, and
mixed-effects Poisson regression models to estimate rate ratios for count outcomes. We calculated 95% confidence intervals (Cls) using Wald approximation.
To account for multiplicity issues, outcomes were assessed and interpreted as patterns of evidence instead of single significant results.3” Numbers needed to
treat with 95%Cl were calculated for the primary outcome.

To estimate heterogeneity and assess how summary treatment effects changed, we performed random effects meta-analyses as sensitivity analyses and
inspected forest plots. Participant-level subgroup analyses were performed by examining within-trial treatment-by-covariate interactions, *® avoiding trial-
level aggregation bias by centering covariates by trial. Trial-level subgroups were assessed with meta-regression. Pre-specified sensitivity analyses included:
different outcome definitions, inclusion of aggregate data in simplified two-stage models, exclusion of high risk of bias trials. The study funder had no role in
study design, analysis, interpretation, writing of the report or decision to submit.

Results

We identified 2,369 records (Figure 1). Of these, 992 were excluded after title and abstract screening, the remaining 435 records were reviewed in full (Figure
1). Of these, 122 trials were eligible. Sixty-one trials provided IPD (13 were unpublished at time of analysis, identified through trial registries), of which seven
were excluded due to missing data, integrity issues (including major discrepancies between IPD and published data and lack of association between highly
correlated variables i.e. gestational age and birthweight), or not fitting intervention categories. Of the remaining 61 eligible trials without IPD, aggregate data
were available for 43, though 11 had major integrity or quality issues (e.g. no ethics approval information and implausible findings) and were thus excluded
from all analyses. The remaining 32 aggregate data trials were compared to IPD, revealing systematic differences in baseline characteristics, higher risk of
bias (overall high: 86% aggregate data trials versus 29% IPD trials), and increased integrity concerns (Appendix p.266). These differences likely explain larger
effect sizes for two out of the three pre-specified comparison outcomes in the aggregate data trials 3° Thus, following our pre-specified decision rule and to
avoid including lower quality data that may bias study results, our primary analysis only included trials providing IPD, with a total of 48 randomised trials
including 6,367 infants. 7082 Aggregate data were included in a sensitivity analysis for the primary outcome. Study characteristics (e.g., year, country of study,
sample size) are summarised in Appendix p.282. Certainty of evidence tables are in Appendix p.314. Our updated search (June 2023) identified an additional
five published small trials, 8%” (combined n = 442); one of these was excluded due to integrity concerns (n=100) and four had no mortality data available for
a planned sensitivity analysis (Appendix p.140).

For the first comparison, deferred versus immediate clamping, 21 eligible studies were included, with 3,292 infants (232 deaths). Median sample size was 65
(Interquartile range [IQR] 40-101). Median gestational age at birth was 29 weeks (IQR 27-33). Deferral of clamping ranged from 30 to ‘at least’ 180 seconds
(with some trials encouraging deferrals up to 5 minutes where feasible). For the immediate clamping group, most trials (n=14) specified clamping within 10
seconds. Of all infants, 61% (1950/3169) were born by caesarean, 25% (670/2637) were multiples, and 56% (1287/2899) were male. Trials were conducted
in high-income (n=9/21), upper-middle-income (n=5/21) and lower-middle-income (n=7/21) countries. &



Deferred clamping reduced death before discharge compared with immediate clamping (OR 0-68; 95%Cl 0-51-0-91, high certainty of evidence, Figure 2).
Number needed to treat was 40 (95%Cl 26-143). There was no evidence that this effect differed according to any individual or trial-level characteristics
(Table 1). For key secondary outcomes, in infants <32 weeks’ gestation, deferred compared to immediate clamping reduced the receipt of blood transfusion
(OR 0-59; 95%CI 0-47-0-73, high certainty), increased risk of hypothermia (<36-5°C) (OR 1:28; 95%Cl 1-06-1-56, moderate certainty), and had no clear
evidence of an effect on other key secondary outcomes (Table 2). Certainty of evidence in infants 232 weeks’ gestation was mostly very low with no
significant findings for key secondary outcomes, due to low event rates. There was an improvement in haematologic measures (haemoglobin, haematocrit)
for deferred compared to immediate clamping in both infants <32 and >32 weeks’ gestation (Appendix p.330). No differences were found for maternal
outcomes; however, event rates were low (Appendix p.334).

For the second comparison, any cord milking versus immediate clamping, 18 eligible studies were included, with 1,565 infants (74 deaths). The cord was
milked intact (2-4 times) in 12 trials with 886 infants, whilst four trials with 340 infants milked the cut cord once. Median sample size was 60 (IQR 45-122).
Median gestational age at birth was 29 weeks (IQR 27-31). Of all infants, 64% (764/1196) were born by caesarean, 13% (152/1199) were multiples, and 56%
(882/1564) were male. Trials were conducted in high-income (n=10/18), upper-middle-income (n=4/18) and lower-middle-income (n=4/18) countries.

For the primary outcome death before discharge, there was no clear evidence of a difference for cord milking compared to immediate clamping (OR 0-73;
95%Cl 0-44-1-20, low certainty, Figure 2). There was no evidence that this effect differed according to any of the pre-specified subgroups, albeit certainty of
evidence was low or very low due to insufficient sample size (Table 1). Cord milking probably made no difference for any intraventricular hemorrhage (IVH)
for infants <32 weeks’ gestation (OR 1:02; 95%Cl 0-76-1-38, moderate certainty), and probably reduced the receipt of blood transfusions for <32 weeks’
gestation (OR 0-69; 95%Cl 0-51-0-93, moderate certainty) and >32 weeks’ gestation (OR 0-31; 95%CI 0-09-0-99, low certainty) (Table 2). For other key
secondary outcomes there were no significant differences with low or very low certainty of evidence due to low event rates in either gestational age group
(Table 2). For other secondary outcomes, there was improvement in haematologic measures (haemoglobin, haematocrit) for cord milking compared to
immediate clamping in both gestational age groups (Appendix p.330). Maternal outcomes were not estimable or showed no difference with wide confidence
intervals, due to few trials collecting maternal outcomes and low event rates.

For the third comparison, any cord milking versus deferred clamping, 15 eligible studies were included, with 1,655 infants (93 deaths). One trial with forty
infants milked the cut cord once, whereas 14 studies with 2,1615 infants milked the cord intact (2-4 times). Deferral times ranged from 30 to 120 seconds.
Median sample size was 44 (IQR 36-171). Median gestational age at birth was 30 weeks (IQR 28-33). Of all infants, 64% (1022/1593) were born by caesarean,
15% (231/1550) were multiples, and 54% (884/1651) were male. Trials were conducted in high-income (8/15), upper-middle-income (3/15) and lower-middle-
income (4/15) countries.

For the primary outcome death before discharge, there was no evidence of a difference between cord milking and deferred clamping (OR 0-95; 95%CI 0-59-
1-53, Figure 2), albeit certainty of evidence was low. There was no evidence of differential treatment effects for any of the pre-specified subgroups, but
certainty was low or very low due to insufficient sample size (Table 1). Cord milking may increase the risk of severe IVH compared to deferred clamping (OR
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2:20; 95%Cl 1-13-4-31, low certainty, Table 2). There were no differences, with low or very low certainty, for all other key secondary outcomes due to low
event rates (Table 2), and no noteworthy findings for other secondary and maternal outcomes (Appendices p.330, p.334).

For all comparisons, assessment of forest plots and random-effects sensitivity analysis revealed low heterogeneity of treatment effects across all analyses,
implying consistent results across trials (Appendix p.335). For the primary outcome death before discharge, risk of bias for 12/49 (24%) trials was rated as
high, 20/49 (41%) as some concerns, and 17/49 (35%) as low. For delivery room outcomes, risk of bias for 43/54 (80%) trials was rated as high, 5/54 (9%) as
some concerns and 6/54 (11%) as low. For outcomes beyond the delivery room, risk of bias for 27/53 (51%) trials was rated as high, 14/53 (26%) as some
concerns and 12/53 (23%) as low (Appendix p.164).

Results were consistent across all pre-specified sensitivity analyses (Appendix p.335), including combining IPD with aggregate data from trials not providing
IPD, different outcome definitions, excluding trials with high risk of bias, and different analysis methods (e.g. two-stage model). We could not conduct pre-
specified sensitivity analysis excluding trials with low treatment adherence, since many did not report adherence. Pre-specified subgroup analyses of whether
initial resuscitation was provided at bedside with cord intact, planned position of the infant relative to the placenta, and non-linear interactions of gestational
age could not be performed due to insufficient data or convergence issues.

Discussion

This is the most comprehensive review to date of umbilical cord clamping strategies at preterm birth. Using thoroughly cleaned and checked IPD, we found
high-certainty evidence that deferred compared to immediate clamping leads to a moderate reduction in death before discharge for preterm infants; 40
infants (95%Cl 26-143) would need to receive deferred instead of immediate clamping to prevent one additional death. This effect appears robust across
several individual- and trial-level subgroups. Certainty of evidence for cord milking compared to immediate and deferred clamping was low, due to smaller
sample sizes.

Compared to immediate clamping, both deferred clamping and cord milking were associated with less blood transfusion, and improved haematologic markers
(haemoglobin, haematocrit). This supports hypotheses that deferred clamping and cord milking increase net blood transfer from placenta to infant. 892
Additionally, deferring clamping until after the lungs are aerated may stabilise the transition from fetal to neonatal circulation. %°3%°

Deferred clamping increased hypothermia (<36-5°C) on admission to the NICU compared to immediate clamping in infants <32 weeks’ gestation. Although
the mean temperature difference was only -0-13°C (95%Cl -0-20 to -0-06), this suggests that particular care should be taken to keep infants warm when
deferring clamping. This may involve strategies such as improved skin-to-skin care, drying and wrapping the infant with the cord intact, or bedside warming
trollies. Generally, the available evidence indicates that routine procedures such as drying and stimulating infants should not be delayed and can occur with

the cord intact. 4257



Umbilical cord milking compared to deferred clamping doubled the odds of severe IVH, albeit no difference was found for all grade IVH. This finding was
driven by events in infants born <28 weeks’ gestation. An increased IVH risk for interventions abruptly interrupting umbilical arterial flow leading to a
hypertensive surge was a major hypothesis preceding the first deferred cord clamping trials three decades ago. %® This hypothesis was subsequently supported
by animal studies, which also showed that these hypertensive surges are greatly mitigated by lung aeration. °1% Yet, the finding was graded low certainty of
evidence due to imprecision and concerns about risk of bias. No differences in all grade IVH or severe IVH were found when comparing cord milking to
immediate clamping, even when restricting the population to infants <28 weeks in a post-hoc sensitivity analysis (Appendix p.335).This finding contrasts with
a previous network meta-analysis that found a reduction in IVH for cord milking compared to immediate clamping. 1°* Our review included more trials and
infants due to inclusion of unpublished data and more recent searches. Also, we excluded three studies included in the previous review: one was quasi-
randomised, and two had serious integrity concerns (post-randomisation exclusions, unusual data patterns, missing data). Otherwise, our results generally
align with previous studies, whilst resolving previous uncertainties. For instance, in the most recent systematic review commissioned by ILCOR, the 95% ClI
for mortality crossed the line of no effect, 1 whilst our review provides high-certainty evidence that deferred clamping reduces death before discharge in
preterm infants.

Our review has many strengths. IPD led to greater data availability and the ability to harmonise outcomes, hence more power to assess safety and
effectiveness outcomes resulting in high certainty evidence for mortality, and revealing differences for secondary safety outcomes such as hypothermia. IPD
enabled more complex and accurate analyses (e.g. accounting for correlations among multiple births), including ability to examine and demonstrate
robustness of treatment effect across key subgroups. IPD also allowed intention-to-treat analysis for all trials. This is important, as failure to comply with the
allocated intervention is more common for deferred cord clamping and is related to outcome since clinicians may be tempted to quickly cut the cord of the
sickest infants so they can be moved for stabilisation or resuscitation. Analysing these interventions per-protocol would likely skew results to be more
favourable for the deferred clamping group. We conducted extensive data processing, quality and integrity checks, of all included data. 2'%2 Proportion of
missing data was low (0-34%) for our primary outcome death before discharge (Appendix p.353). 1%

Limitations include that, despite extensive efforts, we were unable to retrieve data for all eligible trials, due to data being unavailable from older studies,
researchers not responding to our requests, or in one case an ethics board refusing data sharing. This resulted in 32 trials with publications for which we had
no IPD, of which only 16 reported mortality. Thus, for our primary outcome death before discharge, we did not have IPD for 19% of infants (n = 1268, 16
trials). The trials we could not retrieve tended to have higher risk of bias and integrity concerns, and be older than those providing IPD. Our results were
robust when including aggregate data in sensitivity analyses. Statistical power was limited for several outcomes leading to low or very low certainty of
evidence for comparisons of cord milking, for most outcomes in infants >32 weeks’ gestational age (due to low event rates), and for maternal outcomes (e.g.,
postpartum haemorrhage). Large observational or registry studies may assess maternal safety for deferred clamping at preterm birth in future. Interventions
were unblinded for all trials, increasing risk of bias, albeit this may be less concerning for the objective outcome mortality than other outcomes.
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Certain features of included studies should be considered when applying results in clinical practice. Many studies excluded at-risk populations (e.g. multiple
gestation, infants assessed as requiring resuscitation), potentially limiting generalisability to the most vulnerable infants. Exclusion criteria across studies are
summarised in Appendix p.356. Many trials did not collect data on intervention adherence. Of those that did, adherence was frequently low (<75% for
deferred clamping arm), due to infants randomised to deferred clamping not receiving per-protocol deferral earlier clamping or milking instead. This was
likely due to practitioners being uncomfortable to delay advanced resuscitation measures for the most unwell infants, limiting generalisability.

Although several trials were conducted in middle-income-countries, all were conducted in hospitals with a NICU. Hence there is insufficient evidence from
low-resource settings, and these results should not be generalised to such settings, or only with considerable caution. High-quality trials assessing cord
clamping strategies in low-resource settings are needed.

To allow longer deferral of clamping for infants assessed as needing immediate resuscitation at birth, more trials are providing respiratory support, if needed,
beside the mother with the cord intact. This occurred for seven trials in the deferred clamping group (831 infants). Furthermore, several large ongoing trials
examining such strategies have committed to sharing their data with the iCOMP Collaboration, with combined results anticipated in 2025, 8%.104-106

Our findings are the best evidence to date that deferred clamping is beneficial for preterm infants, making this study highly relevant to clinicians, parents,
and guideline developers. Findings should be interpreted and implemented in conjunction with our companion network meta-analysis, *® which examined
how long to wait before cord clamping, and found that longer deferral (>2 minutes) resulted in the largest mortality reduction (OR 0-31; 95%CI 0-11-0-81),
with a 91% probability of longer delays being the best cord management strategy to prevent death before discharge. This finding was rated as moderate
certainty evidence, and each of the included trials were relatively small (none were statistically significant independently). Large ongoing trials assessing long
deferral will add further insights. 104107

In conclusion, we combined 54 trials of cord clamping strategies with IPD from 6,833 preterm babies across three comparisons. We found high-certainty
evidence that deferred clamping reduces death before discharge in preterm infants, and this effect is consistent across different population groups. Effects
of cord milking on mortality were inconclusive, but severe IVH is a potential safety risk. Together with our companion network meta-analysis, *® these results
will inform updated guidelines and practice on cord management at preterm birth.
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Figure 1. PRISMA flow chart.

)

Identification

Screening

Coreresone | (v ) |

{

Identification of studies via databases and registers ] [

Records identified (n = 2,369)

Identification of studies via other methods ]

l

Records screened (n = 1,427)

\4

Reports assessed for eligibility
(n=435)

\ 4

Eligible trials (n = 150)
Completed (n =122)

v

Duplicates (n =942)

Records excluded (n = 992)

Reports excluded (n = 304)
Not an RCT (n =43)
Wrong participants (n = 48)
Wrong intervention (n = 82)
Reports from the same studies (n=131)

Eligible studies identified from other sources,
e.g. reference lists, contacts (n = 19)

AD trials excluded (n = 11)
Integrity issues (n = 9)

l

Trials that provided IPD (n = 61)

Trials for which IPD not provided (n = 89)
Study ongoing (n = 23)
Study never went ahead (n = 5)
Eligibility unclear (n = 11)
No response/ data not available (n = 50)

IPD trials excluded (n =7)
Missing data / integrity issues (n = 5)
Did not fit intervention categories (n = 2)

L Unable to categorise (n = 2)

Trials eligible for
AD extraction
(n=43)

23



Figure 2. Forest plots as a panel

Deferred cord clamping (DCC) versus immediate cord clamping (ICC) for primary outcome death before discharge
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Umblical cord milking (UCM) versus immediate cord clamping (ICC) for primary outcome death before discharge
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Umblical cord milking (UCM) versus deferred cord clamping (DCC) for primary outcome death before discharge
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Note: Effect estimates on the x-axis are odds ratios on the log scale. The black squares capture the treatment effect estimate. The 95% confidence intervals
around this estimate are represented by the black line. Gestational age and correlation between multiple infants are adjusted for in this figure.

Table 1. Primary and key secondary outcomes for all comparisons
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DCCvs ICC UCM vs ICC UCM vs DCC
Events/
number of | Relative effect Number of Relative effect Numberof | gelative effect
Outcomes R GRADE infants GRADE infants GRADE
infants N trial N trial
(Ntrials) | OR(95% Cl) (N trials) OR (95% C1) (N trials) OR (95% C1)
Primary outcome: all infants
. . 232/3260 0-68 (0-51- . B 93/1303
Mortality to discharge (N=20) 091) High 74/1561 (N=18) 073 (0-44-1-20) Low (N=12) 0-95 (0-59-1-53) Low
Key secondary outcomes (<32 weeks’
GA)
Intraventricular haemorrhage (IVH) (all 444/2124 0-98 (0-79- 264/1069 210/1022
grades) (N=13) 1-22) Low (N=15) 1-02 (0-76-1-38) Moderate (N=9) 1-04 (0-75-1-44) Low
IVH (severe) (1,\?%??96 2:22)(0'54' Low 65/939 (N=14)  0-78 (0-45-1-35) Low 47/860 (N=7)  2-20(1-13-4-31) Low
. 1136/2128 0-59 (0:47- . 616/1163 414/985
Blood transfusion (N=13) 0-73) High (N=15) 0-69 (0-51-0-93) Moderate (N=8) 1-07 (0-77-1-50) Low
. . 922/1929 1-06 (0-87- _ _ Very
Chronic lung disease (N=10) 130) Low 239/836 (N=12) 0-96 (0-63-1-47) Low 75/293 (N=4) 1-02 (0-56-1-87) low
Hypothermia on admission (9,31)1995 1:;2)(1'06_ Moderate | 299/688 (N=8) 0-95 (0-69-1-31) Very low (2,\}?4?75 0-90 (0-64-1-26) Low
Late-onset sepsis (551/;037 2:?)(0'74' Low 189/977 (N=12)  1-07 (0-76-1-51) Low 98/787 (N=6)  0-91 (0-57-1-48) Low
173/2052 -82 (0-59-
Necrotising enterocolitis (Nfil())S (1).23)(0 >9 Low 59/1047 (N=13) 0-90 (0-52-1-56) Low 58/976 (N=7)  0-95 (0-55-1-66) Low
Patent ductus arteriosus (PDA) requiring 588/1928 0-91 (0:73- _ 122/631
edical treatment (N-5) 114) Low 292/893 (N=12) 1-25(0-88-1-76)  Very low (N=5) 0-88 (0-56-1-37) Low
PDA requiring surgical treatment (55?4)1678 2:?:)(0'73- Low 57/888 (N=11) 0-84 (0-46-1-52) Low 26/631 (N=5) 1-43 (0-63-3-25) Low
Key secondary outcomes (232 weeks’
GA)
4/478 0-52 (0-05- _ 6-05 (0-63- B Very
IVH (all grades) (N=10) 6:02) Very low 6/192 (N=6) 58.55) Very low 14/250 (N=9)  1-62 (0-47-5-50) low
IVH (severe) Not estimable (0 events) Not estimable (0 events) Not estimable (0 events)
Blood transfusion 61/729 0-97 (0-54- Verylow | 16/330(N=6)  0-31(0:09-0-99) Verylow | 19/251 (N=8) 1.67 (0-60-4-60) ¢
(N=12) 1-73) low
Hypothermia on admission <36.5°C (133596 (1):3;)(0'51_ Low 97/190 (N=2) 1-57 (0-84-2-93) Very low 31/209 (N=5)  1-40 (0-54-3-69) l\(/)ev\r/y
. 305/524 0-74 (0-42- B 144/221 Very
NICU admission (N=9) 1:30) Very low 240/330 (N=6) 0-82 (0-34-1-95)  Very low (N=7) 1-23 (0-60-2:52) low
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DCC = deferred cord clamping, ICC = immediate cord clamping, UCM = umbilical cord milking, OR = odds ratio, Cl = confidence interval, GRADE = Grading of
Recommendations Assessment, Development and Evaluation, IVH = intraventricular haemorrhage, PDA = patent ductus arteriosus, GA = gestational age,
NICU = neonatal intensive care unit. All analyses presented in this table are adjusted for gestational age and correlation between multiple births (e.g. twins).

Table 2. Subgroup analyses for primary outcome of death before discharge for all comparisons

DCCvs ICC UCM vs ICC UCM vs DCC
Subgroup for death Numb Cert.a:‘mty of Interaction Numb Cert'zlnty of Interaction Numb Cert.z:‘mty of Interaction
before discharge fu;ndq_er evidence fu:nd?r evidence fu:nd?r evidence
ot studies (adapted ot studies (adapted ot studies (adapted
0, 0, 0,
GRADE) OR 95% CI GRADE) OR 95% CI GRADE) OR 95% CI
f;:;t;)o*nm age 13RCTs  High 093(0-78-1-11) | 11RCTs  Low 1:01(0-97-1:05) | 7RCTs Low 1.08 (0-80-1-47)
Multiple birth 4RCTs Low 111 (0-49-2:50) | 7RCTs Very Low 152(037-632) | 4RCTs Very Low 1-26 (0-34-4-67)
(singleton/ multiple)
Mode of delivery
. 4 RCTs Low 069 (0-39-1-22) 13 RCTs Very Low 0-59 (0-20-1-75) 8 RCTs Low 0-83 (0-33-2:12)
(caesarean/ vaginal)
Study start (year)* 13 RCTs Low 1-00 (0-92-1-08) 13 RCTs Very Low 0-98 (0-85-1-12) 8 RCTs Low 0-89 (0-74-1-08)
Perinatal mortality
rate (per 1,000)* 13 RCTs Low 1-00 (0-97-1-02) 13 RCTs Very Low 1-02 (0-99-1-04) 8 RCTs Low 0-98 (0-88-1-09)
Sex(male/ female) — Not assessed: Not assessed: Not assessed:
. 11 RCTs post-hoc 1-00 (0-64-1-86) 11 RCTs post-hoc 1.22 (0.44-3.37) 7 RCTs post-hoc 0-54 (0-:20-1-48)
post hoc analysis . . .
analysis analysis analysis

DCC = deferred cord clamping, ICC = immediate cord clamping, UCM = umbilical cord milking, GRADE = Grading of Recommendations Assessment,

Development and Evaluation, OR = odds ratio, Cl = confidence interval, RCT = randomised controlled trial. *Analysed as a continuous covariate

Note: The number of studies reflects the studies with available information for this subgroup comparison (with events across different subgroups). We
calculated within-study interaction estimates for participant-level variables, and across-study interaction estimates for study-level variables.
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