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Summary
Background Physiological-based cord clamping (PBCC) in preterm infants is beneficial for cardiovascular transition at
birth and may optimize placental transfusion. Whether PBCC can improve clinical outcomes is unknown. The aim of
the Aeration, Breathing, Clamping (ABC3) trial was to test whether PBCC results in improved intact survival in very
preterm infants.

Methods The ABC3 trial was a parallel-group, multicentre, randomised, controlled superiority clinical trial conducted
in all Dutch tertiary referral centers for perinatal care involving infants born before 30 weeks of gestation. Infants
were randomised to either PBCC or time-based delayed cord clamping (TBCC), stratified by gestational age and
treatment center. Infants receiving PBCC were stabilised with umbilical cord intact, which was clamped after
reaching cardiorespiratory stability (heart rate >100 bpm and SpO2 >85% while supplemental oxygen <40%). In
TBCC the cord was clamped after 30–60 s. The primary outcome was survival without major cerebral injury and/
or necrotizing enterocolitis. The primary and key secondary analyses were done in both the intention-to-treat and
per-protocol populations. The trial was registered with ClinicalTrials.gov (NCT03808051).

Findings From January 25, 2019, through October 2, 2022, 669 infants were randomised (median gestational age 27+5

weeks (IQR 26+2–28+6)) and included in the intention-to-treat population. Intact survival occurred in 241 of 339
infants (71.1%) after PBCC, compared with 223 of 330 (67.6%) after TBCC (odds ratio 1.18, 95% CI 0.84–1.66;
absolute risk difference 3.1 %points, 95% CI −11.0 to 15.8, p = 0.33). Pre-specified subgroup analysis showed
69.9% intact survival in male infants after PBCC, compared with 61.8% after TBCC (odds ratio 2.32, 95% CI
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1.42–3.78, p for interaction 0.026). Secondary outcomes showed fewer red blood cell transfusions after PBCC (rate
ratio 0.83, 95% CI 0.75–0.92, p = 0.0003), lower incidence of late-onset sepsis (27.4% versus 33.3%, odds ratio
0.77, 95% CI 0.62–0.95, p = 0.013) and lower admission temperature (36.3 ◦C versus 36.7 ◦C, mean
difference −0.5, 95% CI −0.8 to −0.3, p < 0.0001). Parents were less anxious (Likert scale 1.52 (SD 0.97) versus
2.23 (SD 1.35); p < 0.001) and more content (Likert scale 4.74 (SD 0.75) versus 4.49 (SD 0.97); p < 0.001) after PBCC.

Interpretation PBCC in very preterm infants did not increase survival without major cerebral injury or necrotizing
enterocolitis compared to TBCC in the entire cohort. A possible beneficial effect in male infants requires confir-
mation from other trials. PBCC was safe to perform and parents reported more contentment and less anxiety.

Funding The Netherlands Organization for Health Research and Development.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
Delayed cord clamping has shown to reduce mortality in
preterm infants, so delayed clamping for 30–60 s is currently
recommended for preterm infants not needing resuscitation.
Delaying clamping until lung aeration has been established
(physiological-based cord clamping) has shown hemodynamic
benefits in experimental settings. For this, stabilisation with
intact umbilical cord is needed, and whether this is beneficial
in preterm infants was unknown. We searched MEDLINE and
the Cochrane Database of Systematic Reviews for studies
published in English between Jan 1, 1990 and Dec 31, 2018
reporting randomized, clinical trials and cohort studies
relevant to our study, with the search terms “preterm
infants”, “physiological based cord clamping”, “delayed cord
clamping”, “survival”, and “mortality”. Although we found no
clinical studies on physiological-based cord clamping, three
trials and 2 observational studies on intact cord resuscitation
in preterm infants were published. All studies confirmed
feasibility and safety of the approach, but none was powered
to show differences in clinical outcomes.

Added value of this study
While our primary outcome is not different between the two
groups of very preterm infants, clinical improvement in pre-
specified subsets of infants and better results in important
secondary outcomes after physiological-based cord clamping
are important findings in our trial. In addition, our results
show that physiological-based cord clamping in very preterm
infants is feasible and safe to perform.

Implications of all the available evidence
The latest systematic review and network meta-analysis with
individual participant data in 2023 concluded that the
approach of long deferral of cord clamping (≥120 s) decreases
all-cause mortality in preterm infants and has the highest
probability of being the best cord clamping approach in
preterm infants. The results of our large trial on physiological-
based cord clamping provides data to update meta-analyses
on optimal cord clamping approaches in preterm infants,
which will inform international guidelines.
Introduction
Systematic reviews have shown that preterm infants
benefit from delayed cord clamping (DCC) resulting in
fewer blood transfusions and decreased mortality.1–3

Current international guidelines and consensus state-
ments recommend DCC for 30–60 s for all preterm
infants not needing immediate resuscitation.4–6 A recent
network meta-analysis, utilizing individual patient data,
demonstrated that the effect on increased survival in
preterm infants was strongest, when clamping was
delayed for longer than 120 s, compared to other
approaches.7

Clinically, the current DCC approach is based on a
fixed duration that assumes placental transfusion to
occur within a set time frame.4,5,8 Studies in preterm
lambs have demonstrated that clamping the cord after
the initiation of ventilation maintains cardiac output and
prevents large fluctuations in systemic and cerebral
blood pressures and flows.9,10 Poor respiratory gas ex-
change and a loss in cardiac output at birth, as indicated
by prolonged hypoxia and bradycardia, are associated
with increased risk of intraventricular hemorrhage
(IVH) and death.11 The strategy of clamping the cord
after establishing lung aeration and cardiopulmonary
stabilisation, is called physiological-based cord clamping
(PBCC).12,13

Previous clinical studies in preterm infants investi-
gating time-based cord clamping (TBCC) with applica-
tion of respiratory support prior to cord clamping, have
shown the feasibility of this approach.14–17 However,
www.thelancet.com Vol 48 January, 2025
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these studies were underpowered to demonstrate a dif-
ference in clinical outcomes. A recent larger trial was
not able to show a decrease in IVH or mortality after
TBCC of 2 min with respiratory support on the cord, but
this approach did not take into account the variation in
time needed to aerate the lungs between infants, which
may not have been completed before cord clamping.18

We recently demonstrated feasibility and effective-
ness of performing PBCC in preterm infants.19,20 The
multicentre randomised ABC3 (Aeration, Breathing,
Clamping 3) trial in very preterm infants aimed to test
the hypothesis that, performing PBCC improves sur-
vival without severe cerebral injury and/or necrotizing
enterocolitis (NEC).21
Methods
Study design
This multicentre trial was a parallel group, superiority
randomised controlled clinical trial. The trial protocol and
the statistical analysis plan were published previously.21,22

Assessment of eligibility and recruitment of patients
occurred in all nine Dutch tertiary referral centers for
perinatal care. The trial was approved by the Institutional
Review Board (IRB) at each center and was conducted
according to the principles of the Declaration of Helsinki
and in accordance with the Dutch law (Medical Research
Involving Human Subjects Act). An independent external
Data safety and Monitoring Committee (DMC) assessed
and reviewed patient safety and trial conduct.

Participants
Eligible patients were very preterm infants born before
30 weeks of gestation. Antenatal parental informed
consent was necessary for all participants in the trial.
Exclusion criteria were significant congenital malfor-
mations; signs of acute placental abruption; placenta
previa or invasive placentation (accreta/percreta); birth
by emergency caesarean section (ordered to be executed
within 15 min); monochorionic twin gestation with
signs of twin-to-twin transfusion syndrome or twin
anemia polycythemia syndrome not treated with feto-
scopic laser surgery; multiple pregnancy >2 (triplets or
higher order); or a documented decision to give pallia-
tive neonatal care. Maternal general anesthesia was an
exclusion criterium at the start of the trial, but inclusion
was allowed after amendment of the protocol and
approval by the IRB. During the COVID19-pandemic
inclusion was temporarily halted in some participating
centers following hospital regulations.

Randomisation and masking
Infants were 1:1 randomised to either PBCC or TBCC.
Allocation was stratified by gestational age (<27+0 and
≥27+0 weeks) and treatment center using random per-
mutated block (4–8) sizes. Concealment of allocation
was ensured by using the randomisation process of
www.thelancet.com Vol 48 January, 2025
Castor Electronic Data Capture (Amsterdam, The
Netherlands, www.castoredc.com). Blinding during the
intervention was not possible. Independent assessors,
all neonatologists, who verified the primary outcome
were blinded for treatment allocation.

In case of twin vaginal birth, both infants were
randomised to the same group. In case of caesarean
section for twins, it was deemed technically not possible
to perform PBCC in both infants. The first infant always
received standard delayed cord clamping without ran-
domisation and the second infant was randomised to
either PBCC or TBCC.

Procedures
Interventional treatment (PBCC)
A specifically designed trolley (Concord Neonatal B.V.,
Leiden, The Netherlands) was used to perform PBCC in
this trial. The trolley contains similar equipment as a
regular resuscitation table. Immediately after birth, the
infant was placed on the trolley, respiratory support was
commenced applying CPAP and PPV when necessary via
facemask, and temperature was managed using a plastic
wrap and radiant heater. The umbilical cord was clamped
when the infant was stabilised, defined as having a heart
rate >100 bpm and SpO2 >85% while using <40% sup-
plemental oxygen. The minimum time of cord clamping
was 3 min and maximum time 10 min. With the
exception of the PBCC procedure, the infants were
treated according to current local guidelines, based on
international Newborn Life Support resuscitation guide-
lines. Uterotonic drugs were administered immediately
after cord clamping, followed by active management of
placental delivery. Excessive maternal blood loss was a
predefined reason for earlier cord clamping.

Standard treatment (TBCC)
Infants randomised to the control group were stabilised
according to standard management. Cord clamping was
time-based and performed preferably after 30–60 s,
depending on the clinical condition of the infant ac-
cording to the national delayed cord clamping protocol.
The infant was then moved to the standard resuscitation
table for cardiopulmonary stabilisation. Respiratory
support was commenced applying CPAP and PPV when
necessary via facemask, and temperature was managed
using a plastic wrap and radiant heater. Infants were
treated according to current local guidelines, based on
international Newborn Life Support resuscitation
guidelines. Uterotonic drugs were administered imme-
diately after cord clamping, followed by active manage-
ment of placental delivery.

Outcomes
The primary outcome was the dichotomous outcome of
intact survival at Neonatal Intensive Care Unit (NICU)
discharge, defined as survival without major cerebral
injury (IVH ≥ grade 2 and/or periventricular venous
3
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infarction and/or periventricular leukomalacia
(PVL) ≥ grade 2) and/or NEC ≥ stage 2. The time frame
of observation was from the date of randomisation until
the date of death or the date of NICU discharge. Cere-
bral injury was assessed by ultrasonography performed
at pre-defined time points. For the grading of IVH and
PVL the definitions of Volpe and de Vries were used,
respectively.23,24 NEC was diagnosed according to
modified Bell’s staging criteria (Supplementary Table
S1).25 Each component of the primary outcome was re-
assessed by an independent researcher blinded for
treatment allocation.

Demographic details and patient characteristics were
extracted from medical files. Secondary outcomes were
collected during NICU stay and are listed in the statis-
tical analysis plan (Supplementary Table S1). Short-term
parental reported outcomes were collected using ques-
tionnaires on parental perception of the approach dur-
ing birth and perinatal stabilisation. The parental
questionnaires were sent within one week after birth.

Three pre-specified safety parameters were included
as Serious Adverse Events: severe hypothermia at NICU
admission (defined by World Health Organization as
temperature <32 ◦C), severe maternal post-partum
hemorrhage (defined as estimated blood loss
>1000 mL), and rupture of the umbilical cord.

Statistical analysis
The sample size was determined to detect an increase of
intact survival of 10% (from 72% to 82%) with 80%
power and test size (alpha) of 5%. The required sample
size was 330 randomised participants in each arm. The
first-born twins from an anticipated caesarean section
were not included in any comparative analysis.22

The primary analysis for this study was done on
intention-to-treat basis. Per-protocol analysis was per-
formed excluding infants who did not meet the inclu-
sion criteria, or who did not start with the intended
strategy for any reason. Software used is R version 3.5.0
for all analyses.

To compare the difference in primary outcome be-
tween the two arms, a logistic regression model was
estimated using generalized estimating equations with
an exchangeable working correlation matrix and non-
robust standard errors, to account for the potential
correlation in the outcome between siblings and infants
within the same center. The response of this model was
intact survival at NICU discharge and the covariates
were the treatment arm and gestational age. The mar-
ginal absolute risk difference (ARD) and bootstrapped
confidence intervals were calculated using marginal
standardization. A significance level of 5% was used for
all tests. No multiplicity adjustment was used.22

Secondary outcomes similarly were analyzed using
generalized estimating equations. The analyses for the
parental reported outcomes were measured on a five-
point scale and considered to be continuous.
Preplanned subgroup analysis was done based on
gestational age (<27+0 weeks and ≥27+0 weeks), mode of
birth and sex of the infant. Additionally, a preplanned
exploratory analysis was done on the learning curve of
this new intervention. We estimated the effect of the
number of previously performed PBCC procedures in a
center on the odds ratio of intact survival of the inter-
vention. The DMC performed two interim analyses on
safety outcomes after 25% and 50% of the total required
infants completed their primary outcome and found no
reason to stop the trial early.22 The trial was registered
with ClinicalTrials.gov (NCT03808051).

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report.
Results
From January 25, 2019, through October 2, 2022, 3113
women at risk for giving birth before 30 weeks of
gestation were assessed for eligibility and 1392 women
consented for the trial (Fig. 1). Infants of 627 women
were randomised, resulting in 669 infants (339 infants
in the PBCC and 330 infants in the TBCC group).
Baseline characteristics were balanced between the
groups (Table 1). Median gestational age was 27+5 weeks
in both groups. Almost all infants received at least one
dose of antenatal corticosteroids.

Data regarding the composite primary outcome were
available complete for all 669 infants. Intact survival
occurred in 241 of 339 infants (71.1%) after PBCC, and
in 223 of 330 infants (67.6%) after TBCC (odds ratio
1.18, 95% CI 0.84–1.66; absolute risk difference 3.1
percentage points, 95% CI −11.0 to 15.8, p = 0.33)
(Table 2). There were no differences in the components
of the primary outcome between the groups (Table 2).

PBCC resulted in a mean cord clamping time of 5:47
(SD ± 3:09) minutes, compared with 0:47 (SD ± 0:35)
minutes after TBCC (difference 5:00 min, 95% CI
4:30–5:30, p < 0.0001) (Table 3). Time to start respiratory
support (difference −0:30 min, 95% CI −0:41 to −0:17,
p < 0.001) and time to stabilisation (difference −1:44 min,
95% CI −2:14 to −1:16, p < 0.001) were shorter after PBCC.
Respiratory support was given to 666 infants (99.6%)
during stabilisation at birth. Hemoglobin level (difference
0.5 g/dl, 95% CI 0.2–0.8 g/dl, p = 0.0052) on the first
postnatal day was higher after PBCC, and infants in the
PBCC group received fewer red blood cell transfusions
(rate ratio 0.83, 95% CI 0.75–0.92, p = 0.0003). After PBCC
a lower incidence for late onset sepsis (odds ratio 0.77,
95% CI 0.62–0.95), p = 0.013) was observed. No differ-
ences were found for other important secondary clinical
outcomes, including respiratory distress syndrome, bron-
chopulmonary dysplasia and retinopathy op prematurity
(Table 3 and Supplementary Table S2).
www.thelancet.com Vol 48 January, 2025
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Fig. 1: Flow chart of assessment for Eligibility, Consent, Randomization, and Inclusion in the Analysis. TTS = twin transfusion syndrome.
TAPS = twin anemia polycythemia syndrome. MCMA = mono-chorionic mono-amniotic twin. CS = caesarean section. COVID19 = Coronavirus
disease 2019. GA = gestational age. IUFD = intra uterine fetal demise. TBCC = time-based cord clamping. PBCC = physiological-based cord
clamping.
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Characteristic PBCC (N = 339) TBCC (N = 330)

Maternal

Age (years) 31.3 (±4.6) 31.9 (±4.9)

Gravidity 1 (1–3) 1 (1–3)

Complications of pregnancy

Hypertensive disorder of pregnancy 66/309 (21%) 63/302 (21%)

PPROM 93/309 (30%) 95/302 (31%)

Chorioamnionitis 103/290 (36%) 109/287 (38%)

Single gestation 263 (79%) 261 (79%)

Twin gestation

Monochorionic 21/76 (28%) 20/69 (29%)

Dichorionic 55/76 (72%) 49/69 (71%)

Prenatal steroids 337 (99%) 329 (100%)

Complete 252 (74%) 226 (68%)

Infant

Gestational age (weeks) 27+5 (26+2–28+5) 27+5 (26+2–29+0)

Gestational age strata

<27+0 weeks 124 (37%) 124 (38%)

≥27+0 weeks 215 (63%) 206 (62%)

Birthweight (grams) 985 (758–1215) 990 (810–1200)

Small for gestational agea 84 (25%) 76 (23%)

Sex

Male 184 (54%) 186 (56%)

Female 155 (46%) 144 (44%)

Mode of birth

Vaginal 173 (51%) 179 (54%)

Caesarean section 166 (49%) 151 (46%)

Data are mean (±SD), n (%), n/N (%), or median (IQR). PBCC = physiological-based cord clamping. TBCC = time-
based cord clamping. PPROM = preterm premature rupture of membranes. aAccording to Fenton Growth
Chart < P10.

Table 1: Maternal and infant baseline characteristics.
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Parental response rates to the questionnaire
regarding the stabilisation process at birth were 155/339
(46%) in the PBCC group and 107/330 (32%) in the
TBCC group. Differences between the groups were
observed for contentedness with the approach, degree of
anxiety, the visibility of the infant, degree of conve-
nience, and the safety for mother and child, all scoring
better in the PBCC group (Fig. 2). Post-hoc non-
response analysis showed a higher parental response
with higher gestational age and when intact survival was
reached (Supplementary Table S5).

For the per-protocol analysis, 70 and 11 infants were
excluded respectively, leaving 269 (PBCC) and 319
(TBCC) infants for this analysis. In 61/339 (18.0%) the
intended procedure could not be performed in the
PBCC group, due to insufficient preparation time
(n = 19), emergency caesarian section or maternal
general anesthesia (n = 21), placental detachment
during birth (n = 11), technical issues (n = 4), too short
umbilical cord (n = 1), or obstetric contra-indication
(n = 5) (Fig. 1 and Supplementary Table S3). Intact
survival occurred in 196 of 269 infants (72.8%) after
PBCC and in 218 of 319 infants (68.3%) after TBCC
(absolute risk difference 3.4 percentage points, 95%
CI −14.6 to 15.2, p = 0.38) (Table 2 and Supplementary
Table S4).

Regarding safety, there were no umbilical cord rup-
tures and no differences between the groups for
maternal blood loss, postpartum hemorrhage, poly-
cythemia and hyperbilirubinemia (Table 3). Median in-
fant temperature at admission to the NICU was lower
after PBCC (36.3 ◦C) than after TBCC (36.7 ◦C)
(difference −0.5 ◦C, 95% CI −0.8 to −0.3 ◦C, p < 0.0001).

The preplanned intention-to-treat subgroup analysis
showed that males had higher intact survival of 69.9% after
PBCC versus 61.8% after TBCC (odds ratio 2.32, 95% CI
1.42–3.78, p for interaction 0.026) (Table 1). There were no
differences between the groups for the other preplanned
subgroups gestational age and mode of birth.

A preplanned exploratory intention-to-treat analysis
examined the effect that experience with the PBCC
procedure had on the primary outcome (Fig. 3),
showing increased difference between the groups, when
a center had more experience with the PBCC approach
(p = 0.010).
Discussion
In this multicentre randomised clinical trial comparing
physiological-based cord clamping with time-based cord
clamping of 30–60 s in very preterm infants, we found
that PBCC did not increase survival without major ce-
rebral injury and/or NEC in the entire cohort. This does
not confirm the conclusions of a recent meta-analysis
comparing different clamping strategies, demon-
strating longer deferral times had a high probability of
being the best cord clamping approach to decrease in-
fant mortality.7 Our trial is the first using cord clamping
based on the infant’s clinical condition with delayed
cord clamping as comparison, which complicates
comparing our results with previous studies, all using
time-based cord clamping as intervention and immedi-
ate cord clamping as comparison.14–17 More importantly,
most previous trials excluded infants needing immedi-
ate resuscitation and there was no specific intent to
aerate the lungs before clamping.1–3 We performed
delayed cord clamping in the control group, which may
have led to insufficient power to demonstrate a signifi-
cant difference in intact survival when compared to
PBCC.

In the present trial we were able to include a large
cohort of infants, with a marked difference in cord
clamping times between groups. Since it was only
possible to perform this trial using antenatal informed
consent, a selection of including less sick and well-
prepared infants may have influenced the results of
this trial, and may limit generalizability.26 The experi-
mental physiological evidence suggests that PBCC may
have a greater benefit in more unstable preterm in-
fants.12 Interestingly, we did notice a significant increase
www.thelancet.com Vol 48 January, 2025
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A) Intention-to-treat analysis

PBCC
(n = 339)

TBCC
(n = 330)

Odds ratio
(95% CI)

ARD (95% CI) p value

Composite primary outcome

Survival without major cerebral injury and/or necrotizing
enterocolitis

241 (71.1%) 223 (67.6%) 1.18 (0.84–1.66) 3.1 (−11.0 to 15.8) 0.33

Components of primary outcome

Infant death 46 (13.6%) 46 (13.9%) 0.99 (0.53–1.84) −0.2 (−8.8 to 14.1) 0.96

Major cerebral injury 57 (16.8%) 55 (16.7%) 1.03 (0.88–1.21) −0.4 (−6.0 to 10.9) 0.69

Necrotizing enterocolitis 25 (7.4%) 29 (8.8%) 0.83 (0.53–1.32) −0.6 (−6.0 to 16.1) 0.43

B) Per-protocol analysis

PBCC
(n = 269)

TBCC
(n = 319)

Odds ratio
(95% CI)

ARD (95% CI) p value

Composite primary outcome

Survival without major cerebral injury and/or necrotizing
enterocolitis

196 (72.8%) 218 (68.3%) 1.20 (0.80–1.80) 3.4 (−14.6 to 15.2) 0.38

Components of primary outcome

Infant death 32 (11.9%) 43 (13.5%) 0.92 (0.47–1.78) −0.8 (−8.8 to 13.0) 0.80

Major cerebral injury 42 (15.6%) 52 (16.3%) 0.99 (0.75–1.32) 0.2 (−7.1 to 13.9) 0.93

Necrotizing enterocolitis 20 (7.4%) 29 (9.1%) 0.83 (0.49–1.41) −1.4 (−7.0 to 20.8) 0.50

C) Subgroup analysis of the composite primary outcome: survival without major cerebral injury and/or necrotizing enterocolitis (Intention-to-treat
analysis)

PBCC (n = 339) TBCC (n = 330) Odds ratio
(95% CI)

p value within
subgroupa

p value for
interaction

Gestational age

< 27+0 weeks 65/124 (52.4%) 60/124 (48.4%) 1.15 (0.44–2.97) 0.77

≥ 27+0 weeks 176/215 (81.9%) 163/206 (79.1%) 1.21 (0.52–2.81) 0.66

0.96

Sex

Male 128/184 (69.6%) 115/186 (61.8%) 2.32 (1.42–3.78) 0.001

Female 113/155 (72.9%) 108/144 (75.0%) 0.54 (0.22–1.39) 0.20

0.026

Mode of birth

Vaginal 119/173 (68.8%) 114/179 (63.7%) 1.18 (0.35–3.96) 0.79

Caesarean section 122/166 (73.5%) 109/151 (72.2%) 1.17 (0.38–3.62) 0.79

0.99

Data are n (%) or n/N (%). CI = confidence interval. PBCC = physiological-based cord clamping. TBCC = time-based cord clamping. ARD = absolute risk difference. Major
cerebral injury was defined as intraventricular hemorrhage ≥ grade 2 and/or periventricular venous infarction and/or periventricular leukomalacia ≥ grade 2; Necrotizing
enterocolitis was defined as modified Bell’s stage ≥2. ap value was not adjusted for multiple comparisons.

Table 2: Effect of treatment on primary outcome and its components.

Articles
in intact survival in male infants receiving PBCC.
Additional analysis showed that the component of major
cerebral injury was the main driver of this increase in
intact survival (OR 0.34; 95% CI 0.14–0.86). This finding
needs to be interpreted with caution, as this is a sub-
group analysis, and requires confirmation from other
trials. It is previously described that male infants have
more difficulty going through transition at birth, need
resuscitation more often and have worse outcomes
when born prematurely.27,28 Our findings are in line with
the recent VentFirst trial, in which preterm infants in
the interventional arm received TBCC of 2 min, while
respiratory support was provided before clamping.18 No
difference was observed in the combined primary
outcome IVH by age 7–10 days or death before day 7.
www.thelancet.com Vol 48 January, 2025
Prior to the start of our trial, most study centers
required training on the PBCC approach before imple-
mentation. Only two centers had gained experience with
the PBCC approach before. In each new center training
sessions were performed. The fact that in most centers
experience was gained during the trial, may have
contributed to the reduced effect size between groups.
Our pre-specified analysis evaluating the effect of
experience on the primary outcome showed an increase
in the chance for intact survival as the number of pre-
vious PBCC procedures in a participating center
increased, which suggests a learning curve that we
might have underestimated. This finding requires
further exploration, as it stresses the importance of
appropriate and careful training as well as obtaining
7
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A) Characteristics at birth PBCC (N = 339) TBCC (N = 330) Odds ratio (95% CI) Difference (95% CI) p value

Time to:

Start respiratory support (min:sec) 0:59 (±1:08) 1:28 (±0:45) −0:30 (−0:41 to −0:17) <0.0001

Infant is stabilized (min:sec) 6:42 (±3:06) 8:24 (±7:24) −1:44 (−2:14 to −1:16) <0.0001

Cord clamping (min:sec) 5:47 (±3:09) 0:47 (±0:35) 5:00 (4:30–5:30) <0.0001

Respiratory support at birth 338 (99.7%) 328 (99.4%) 1.03 (0.05–19.4) 0.99

Type of support at birth

Supplemental oxygen 307 (90.6%) 287 (87.0%) 1.44 (0.87–2.38) 0.16

CPAP 324 (95.6%) 318 (96.4%) 0.81 (0.30–2.19) 0.68

PPV 224 (66.1%) 197 (59.7%) 1.45 (1.01–1.80) 0.039

Intubation 29 (8.6%) 30 (9.1%) 0.95 (0.44–2.03) 0.89

Chest compressions 2 (0.6%) 5 (1.5%) 0.38 (0.07–2.09) 0.30

Epinephrine 0 3 (0.9%) NA 0.12

Maximum FiO2 0.71 (±0.26) 0.67 (±0.27) 0.04 (−0.01 to 0.08) 0.10

Apgar score

at 1 min 6 (4–7) 6 (3–7) 0.16 (−0.27 to 0.59) 0.47

at 5 min 8 (7–9) 8 (7–9) 0.04 (−0.21 to 0.29) 0.77

at 10 min 9 (8–9) 9 (8–9) 0.05 (−0.08 to 0.18) 0.45

Umbilical pH 7.23 (7.15–7.31) 7.29 (7.23–7.35) −0.06 (−0.07 to −0.04) <0.0001

Rupture of umbilical cord 0 0 NA

Admission temperature (⁰C) 36.3 (35.6–36.8) 36.7 (36.2–37.2) −0.5 (−0.8 to −0.3) <0.0001

B) Maternal secondary outcomes PBCC (N = 309) TBCC (N = 302) Odds ratio (95% CI) Difference (95% CI)

Maternal blood loss (mL) 300 (200–500) 300 (200–500) 9 (−52 to 70) 0.78

Postpartum hemorrhage > 1000 mL 20 (6.5%) 14 (4.6%) 1.3 (0.51–3.52) 0.56

Surgical site infection CS 3/158 (1.9%) 3/148 (2.0%) 0.9 (0.12–6.9) 0.92

C) Infant secondary outcomes PBCC (N = 339) TBCC (N = 330) Odds ratio (95% CI) Difference (95% CI)

Hemoglobin < 24h (g/dl) 17.1 (15.2–19.2) 16.6 (14.8–18.9) 0.5 (0.2–0.8) 0.0052

Hematocrit < 24h (l/l) 0.50 (0.44–0.56) 0.49 (0.44–0.55) 0.01 (0.00–0.02) 0.0020

Polycythemia (Ht > 0.65) 10 (2.9%) 6 (1.8%) 1.58 (0.56–4.44) 0.38

Respiratory Distress Syndrome 226 (66.7%) 207 (62.7%) 1.20 (0.78–1.85) 0.40

Use of surfactant 202 (59.6%) 176 (53.3%) 1.31 (0.85–2.03) 0.12

Intubation < 72h 110 (33.3%) 98 (29.7%) 1.16 (0.76–1.77) 0.13

Volume expansion < 72h 41 (12.1%) 46 (13.9%) 0.84 (0.48–1.49) 0.80

Inotropes < 72h 33 (9.7%) 28 (8.5%) 1.18 (0.62–2.23) 0.50

PDA requiring therapy 48 (14.2%) 52 (15.8%) 0.89 (0.62–1.28) 0.42

Highest bilirubin (umol/l) 139 (116–169) 137 (113–170) −1.6 (−6.7 to 3.5) 0.54

Hyperbilirubinemia req. therapy 312 (92.0%) 301 (91.2%) 1.04 (0.73–1.48) 0.83

Early onset sepsis 12 (3.5%) 11 (3.3%) 1.07 (0.70–1.63) 0.77

Late onset sepsis 93 (27.4%) 110 (33.3%) 0.77 (0.62–0.95) 0.013

Number of late onset sepsis (n) 0 (0–1) 0 (0–1) 0.75 (0.63–0.89)a 0.0010

NEC ≥ stage 2 25 (7.4%) 29 (8.8%) 0.83 (0.53–1.32) 0.43

Red blood cell transfusion 170 (50.1%) 178 (53.9%) 0.85 (0.66–1.08) 0.15

Number of RBC transfusions (n) 1 (0–2) 1 (0–2) 0.83 (0.75–0.92)a 0.0003

Intraventricular hemorrhage 91 (26.8%) 102 (30.9%) 0.80 (0.55–1.15) 0.23

Intraventricular hemorrhage grade

Grade I or II 68 (20.1%) 81 (24.5%) 0.76 (0.49–1.18) 0.22

Grade III or IV 23 (6.8%) 21 (6.4%) 1.08 (0.73–1.62) 0.69

Post hemorrhagic ventricular dilatation 9 (2.7%) 20 (6.1%) 0.42 (0.32–0.55) <0.0001

Periventricular leukomalacia ≥ grade 2 6 (1.8%) 3 (0.9%) 1.9 (0.65–5.73) 0.24

Number of oxygen days 16 (2–50) 16 (1–54) −0.8 (−6.1 to 4.6) 0.78

Moderate or severe BPD 65 (19.2%) 78 (23.6%) 0.86 (0.60–1.23) 0.28

Retinopathy of prematurity ≥ stage 2 50 (14.7%) 50 (15.2%) 0.95 (0.80–1.12) 0.11

Treatment for ROP 20 (5.9%) 25 (7.6%) 0.76 (0.38–1.52) 0.44

Length of hospital stay (days) 81 (±27) 83 (±31) −1.3 (−4.5 to 1.9) 0.42

Data are mean (±SD), n (%), n/N (%), or median (IQR). CI = confidence interval. PBCC=Physiological Based Cord Clamping. ARD = absolute risk difference. CPAP=Continuous
Positive Airway Pressure. PPV=Positive Pressure Ventilation. NA=Not Applicable. FiO2=Fraction of inspired Oxygen. CS=Caesarean Section. PDA=Patent Ductus Arteriosus.
NEC=Necrotizing Enterocolitis. RBC=Reb Blood Cell. BPD=Bronchopulmonary Dysplasia. aRate Ratio instead of Odds Ratio.

Table 3: Secondary outcome measures (Intention-to-Treat Analysis).
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Fig. 2: Parental perception and appreciation of the approach during birth and stabilization (Intention-to-Treat Analysis).

Fig. 3: Learning curve: graph showing the estimated effect of the number of previously performed PBCC procedures in a center on the odds ratio
(with 95% confidence interval) of intact survival of the intervention (p = 0.010). For each additional procedure the odds of PBCC increases with
a factor 1.007 (95% CI 1.002–1.012).
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experience, when considering implementation of new
clinical approaches.

Strategies to minimize red blood cell transfusions
may improve long-term neurodevelopmental outcome
in preterm infants.29 In our trial, infants in the PBCC
group received fewer red blood cell transfusions. It is
uncertain whether the observed higher hemoglobin and
hematocrit levels in the PBCC group can explain the
decrease in transfusions. It is well known that these
levels are not the best indicators for estimating total
blood volume.30 It is also possible that PBCC infants
were more stable during admission, resulting in fewer
complications and interventions, and fewer blood sam-
ples. This is consistent with the finding that PBCC led to
a significant decrease in late onset sepsis. Although the
mechanism behind this remains unclear and highly
speculative, this effect on late onset sepsis was also
observed in a previous trial and was attributed to
increased numbers of stem cells from the placental
circulation reaching the infant.31

We hypothesized that PBCC may reduce the inci-
dence of IVH, which was based on the experimental
findings that PBCC mitigates the marked increase in
arterial blood pressure and cerebral blood flow induced
by immediate cord clamping.9,10 The earliest clinical
observations of this hypothesis date back to the 1980’s.32

While we found no difference in the incidence and
severity of IVH, the incidence of post hemorrhagic
ventricular dilatation was significantly decreased in the
PBCC cohort. While either outcome may be a chance
finding, this warrants further exploration.

We did not observe any differences between the
groups in maternal safety parameters, including
maternal blood loss. The lower umbilical cord pH in the
PBCC group has been described in previous trials and is
likely due to placental lactate, which merely reflects the
timing of cord clamping and not the condition of the
infant at birth.33,34 However, we did observe a signifi-
cantly reduced temperature in PBCC infants at NICU
admission. The measures to prevent temperature loss
were similar in both groups, however the location where
they received these measures differed. Further post-hoc
analyses are needed, but it is possible that laminar air
flow over the surgery table led to increased heat loss in
the PBCC cohort, although this would not explain
increased heat loss in vaginally born infants.

In line with earlier reports, we found greater parental
contentment and less anxiety after PBCC.35,36 Our data
suggest that PBCC is a valuable and safe approach
supporting the current trend towards zero separation
between mother and infant at birth. We support further
development of the approach in this regard.

Our trial has limitations. We were only able to
include infants after antenatal consent, resulting in in-
clusion of infants that were more prepared and stable.
No infants below 24 weeks of gestation were included,
limiting the generalizability for this group of extremely
preterm infants. It was not possible to perform PBCC in
all allocated infants, due to various reasons, which is
partly explained by the learning curve required for this
approach. Nevertheless, our success percentage was
comparable to earlier trials.14,15 The results of the sec-
ondary analyses should be interpreted with caution, as
no adjustments were made for multiplicity. Lastly, as
parental response to the surveys was low, it is possible
that a higher response rate would yield different results.

In conclusion, we found that physiological-based
cord clamping did not increase survival without major
cerebral injury or necrotizing enterocolitis in our entire
cohort of very preterm infants compared to time-based
cord clamping,. A possible beneficial effect in male in-
fants requires confirmation from other trials.
Physiological-based cord clamping was safe to perform
and parents were more content with this approach.
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