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Abstract

Background Mortality, cerebral injury, and necrotizing enterocolitis (NEC) are common complications of very
preterm birth. An important risk factor for these complications is hemodynamic instability. Pre-clinical studies
suggest that the timing of umbilical cord clamping affects hemodynamic stability during transition. Standard care

is time-based cord clamping (TBCC), with clamping irrespective of lung aeration. It is unknown whether delaying
cord clamping until lung aeration and ventilation have been established (physiological-based cord clamping, PBCC)
is more beneficial. This document describes the statistical analyses for the ABC3 trial, which aims to assess the efficacy
and safety of PBCC, compared to TBCC.

Methods The ABCS3 trial is a multicenter, randomized trial investigating PBCC (intervention) versus TBCC (control)
in very preterm infants. The trial is ethically approved. Preterm infants born before 30 weeks of gestation are rand-
omized after parental informed consent.

The primary outcome is intact survival, defined as the composite of survival without major cerebral injury and/or NEC.
Secondary short-term outcomes are co-morbidities and adverse events assessed during NICU admission, parental
reported outcomes, and long-term neurodevelopmental outcomes assessed at a corrected age of 2 years.

To test the hypothesis that PBCC increases intact survival, a logistic regression model will be estimated using gen-
eralized estimating equations (accounting for correlation between siblings and observations in the same center)
with treatment and gestational age as predictors. This plan is written and submitted without knowledge of the data.

Discussion The findings of this trial will provide evidence for future clinical guidelines on optimal cord clamping
management at birth.

Trial registration ClinicalTrials.gov NCT03808051. Registered on 17 January 2019.
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Background
The purpose of this document is to describe the statisti-
cal analyses to be conducted for the Aeration, Breath-
ing, Clamping 3 (ABC3) trial. The details of the study
are further described in the trial protocol, published
previously [1]. This statistical analysis plan is written
and submitted without knowledge of the data.
International guidelines recommend delayed umbili-
cal cord clamping (DCC) up to 1 min in preterm
infants, unless the condition of the infant requires
immediate resuscitation [2, 3]. Delaying cord clamp-
ing until lung aeration and ventilation have been estab-
lished (physiological-based cord clamping (PBCC))
may allow for a more adequately established pulmonary
circulation and may result in a more stable circulatory
transition at birth [4, 5]. The hypothesis in the ABC3
trial is that PBCC, compared to time-based cord clamp-
ing (TBCC), results in a more stable transition in very
preterm infants, leading to improved clinical outcomes.

Methods

Aim of the trial

The ABCS3 trial investigates and tests the hypothesis
that physiological-based cord clamping (PBCC, inter-
vention) will lead to an increase in intact survival
(survival without significant cerebral injury and/or
necrotizing enterocolitis (NEC)), when compared to
time-based delayed cord clamping (TBCC, standard
treatment) in very preterm infants.

Trial design

The ABC3 trial is a parallel-group, multicenter supe-
riority randomized controlled clinical trial, run in The
Netherlands, in which infants are randomized between
the interventional PBCC group and TBCC [1].

Primary outcome

The primary outcome is the dichotomous outcome of
intact survival at NICU discharge, defined as survival
without major cerebral injury and/or intestinal injury
(i.e., IVH >grade 2 and/or PVL > grade 2 and/or perive-
ntricular venous infarction and/or modified NEC Bell’s
stage>2). The time frame of observation is from the
date of randomization until the date of death or the
date of NICU discharge, whichever came first. Each
component of the primary outcome will be reviewed

by an independent researcher blinded for treatment
allocation.

Study population screening

In recruiting centers, all consecutive pregnant women
at risk for preterm birth before 30 weeks of gestation are
screened to check for eligibility for the trial. If not eligi-
ble, no further information is collected. In case of eligi-
bility, either randomization will follow or the reason for
no randomization (e.g., no consent or no birth before
30 weeks) will be recorded.

Eligibility

Eligible patients are preterm infants born at < 30 weeks of
gestation in one of the participating centers after obtain-
ing parental informed consent. The exclusion criteria are:

— Significant congenital malformations

— Signs of acute placental abruption

— Total placenta previa, anterior placenta previa, or
invasive placentation

— Birth by emergency caesarean section

— Twin gestation with signs of twin transfusion syn-
drome or twin anemia polycythemia syndrome not
treated with fetoscopic laser treatment

— Multiple pregnancy with more than two fetuses

— Decision documented to give palliative neonatal care

If all eligibility criteria are met, the parents are asked
for consent. In case of consent and imminent birth before
30 weeks of gestation, randomization will follow.

Note that once an infant is randomized, it remains in
the study even when it later becomes apparent that one or
more eligibility criteria were not met. The only exception
is that when the 30th week of gestation is reached after
randomization, the allocated intervention will not be car-
ried out and the infant will be excluded. In the unlikely
event that labor or practical preparations for a caesarean
section start just before 30 weeks, and the team and par-
ents are prepared to carry out the randomized strategy
and birth takes place at 30 +0 weeks, the exclusion is not
deemed appropriate.

Randomization, blinding, and treatment allocation

Infants are 1:1 randomized to either PBCC or TBCC.
Allocation is stratified by gestational age (<2740
and >27 +0 weeks) and treatment center using random
permutated block (4—8) sizes. Concealment of allocation
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is ensured by using the randomization process of Castor
Electronic Data Capture (Amsterdam, The Netherlands,
www.castoredc.com), an electronic data capture system.
Blinding of the allocation arm during the intervention
is not possible in this trial. Independent assessors who
verify the primary outcome are blinded for treatment
allocation.

In the case of twin vaginal birth, both infants are ran-
domized to the same group. In the case of caesarean
section for twins, it is technically not possible at this
moment to perform PBCC in both infants. After con-
sent, both infants are included; the first infant always
receives standard treatment without randomization. The
second infant is randomized to either PBCC or standard
treatment.

Determination of sample size

The sample size is determined to detect an increase in
intact survival due to treatment of 10% (from 72 to 82%)
with 80% power and a test size (alpha) of 5%. The inci-
dence of intact survival (72%) was calculated from recent
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historical databases of Leiden University Medical Cen-
tre and Erasmus Medical Centre. We have performed
the sample size calculation as if a chi-square test would
be used in the analysis to reduce the number of assump-
tions needed. The required sample size was 275 individu-
als in each arm. Because of the inclusion of twins and an
anticipated 10% cross-over from the intervention group
to the control group, we increased the sample size to 330
randomized participants in each arm, resulting in 660
randomizations in total. When there are 25% of twins of
which 66% are delivered by a caesarean section, we antic-
ipate the need for parental consent for circa 720 infants.

Statistical methods

The flow diagram in Fig. 1 shows the different study
stages and expected patient flow. In the final report, a
similar figure will be completed with the actual numbers,
to clarify the number of infants not receiving the allo-
cated intervention, lost to follow-up, or excluded from
analysis for another reason. In case of treatment failure
(defined as the number of participants in which abortion

Exclusion
- Congenital malformations

inclusion criteria met

- Acute placental abruption
- Placenta praevia

- Emergency C-section

- TTS/TAPS

- Multifetal pregnancy > 2

- Palliative care

- Missed inclusion
- No parental consent

INTENTION TO TREAT ANALYSIS

- Withdrawal of parental consent

- Exclusion criteria met

PER PROTOCOL ANALYSIS

Fig. 1 Flow diagram of the ABC3 trial

- Not started with intended strategy
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of prescribed procedure (PBCC or TBCC) occurred), the
reasons for abortion will be reported.

Handling of missing data
All possible efforts will be made to complete the data-
sets. Anticipating a (nearly) complete dataset, we plan
to conduct all analyses on complete cases only. Infants
for which one of the variables required in the analysis is
missing will be excluded from that analysis. Complete-
ness of cases is judged on an analysis-by-analysis basis
and will be reported. We assume that missing data are
likely missing not at random. As imputation may increase
bias, we decided not to apply multiple imputation.
Infants for which consent is withdrawn are excluded
from all analyses. We will report how often this occurred.
If consent is withdrawn before discharge, while study
recruitment is still running in that center, replacement
will take place by inclusion and randomization of another
infant.

Data handling
Data handling and monitoring have been described in
detail in the study protocol [1].

Potential outliers are investigated. Extreme outliers,
defined as being more than three times the interquartile
range below the first quartile or more than three times
the interquartile range above the third quartile, will be
listed individually in a supplement to the main analy-
ses. They will be excluded only if it can be reasonably
assumed that they are due to an error in the data.

After completion, cleaning, and validation of the data,
the dataset will be locked before the statistical analyses
will be carried out. The lock for the final database will be
applied once and will not be reversed, except in excep-
tional circumstances and only with agreement from the
trial team.

Analysis sets

Intention-to-treat set

The primary analysis for this study is done on an inten-
tion-to-treat basis. This allows estimation of the realized
(causal) benefit of implementing PBCC over TBCC. Fur-
thermore, in this way, selection bias is minimized and
the benefits of randomization are optimally used. The
analysis set for these analyses consists of all infants that
have been randomized, irrespective of actual treatment
received, protocol violations, or exclusion criteria.

Per-protocol set

A secondary per-protocol analysis is performed to esti-
mate the benefit of using PBCC (instead of merely having
the intention to do so) over TBCC in infants that actually
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receive PBCC, in the target group. This set takes the
intention-to-treat set as a basis, but excludes:

— infants who do not meet the inclusion criteria or do
meet any of the exclusion criteria.

— infants who do not start with the intended strategy,
for any reason. For example, in the case of rand-
omization for PBCC in twins based on an expected
vaginal birth, followed by a switch to a caesarean sec-
tion, the first twin who will not receive PBCC will be
excluded from the PP set.

Note that infants who switch to TBCC after initiating
PBCC will be analyzed in the PBCC group to which they
were randomized. We do not anticipate that infants rand-
omized to the TBCC group receive the PBCC treatment.

An as-treated analysis, where the infants who do not
start with intended PBCC are analyzed in the TBCC
group, may introduce bias as cross-over is likely not ran-
dom. Therefore, an as-treated analysis (as mentioned in
the study protocol) is not deemed appropriate.

If birth took place at 30+0 weeks, the infant will
remain in the dataset.

First twins’ caesarean section set

The first twins from an anticipated caesarean section will
be included as a separate group in the descriptive analy-
ses, but are not included in any comparative analysis.

Descriptive analyses

Baseline variables of interest are gestational age at birth,
birth weight, sex, maternal age and parity, maternal
smoking, single or twin gestation, monochorionic or
dichorionic placentation, small for gestational age (birth-
weight < P10), mode of birth, complications of pregnancy
(preterm prelabor rupture of membranes, hypertensive
disorders, chorioamnionitis), use of prenatal corticoster-
oids, and other maternal medication.

For both trial arms and the additional control group
consisting of the first twins, we list the median (1st quar-
tile; 3rd quartile) of continuous baseline variables and the
observed frequencies (and percentages) of categorical
baseline variables. No statistical test will be performed to
compare these baseline variables.

Primary analyses

To compare the difference in primary outcome between
the two arms, a logistic regression model will be esti-
mated using generalized estimating equations (GEE)
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 is
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intact survival at NICU discharge and the covariates are
the treatment arm and gestational age.

We will report the number of infants that reached the
primary endpoint for the PBCC or standard treatment
arm as well as for the group of first twins. This will also
be presented as a percentage together with a confidence
interval.

We will also calculate the marginal absolute risk differ-
ence (ARD) for the intervention. This is done by calcu-
lating the predicted probability of the primary outcome
under both arms for each individual in the intention-to-
treat set. The ARD can now be estimated by taking the
average of the difference between the arms. A confidence
interval will be calculated using the bootstrap.

We will repeat the analyses for the per-protocol set
(Table 1).

Secondary outcomes

Secondary outcomes to be explored are listed in Table 2.
To explore competing risks with mortality, composite
outcomes with mortality will be defined for each of the
following four major secondary outcomes: IVH, BPD,
NEC, and ROP. Additionally, treatment failure defined as
abortion of prescribed procedure (PBCC or TBCC) and
reasons for abortion are collected.

Short-term parental reported outcomes are based on
questionnaires on parental perception and appreciation
of the approach during birth and perinatal stabilization.
These include the rating of 10 items (appreciation of the
procedure, anxiety, satisfaction, maternal and newborn
safety, contact with their newborn (general, visual, and
tactile), size of the team present, provision of informa-
tion), on a 5-point scale, as well as an open question.

Long-term outcomes will be assessed at the standard
follow-up visits at 2 years of corrected age. These second-
ary outcomes will include mental and psychomotor neu-
rodevelopmental outcomes and quality of life items [1].
Definitions and detailed descriptions of the analysis plan
for these long-term outcomes are not clearly defined yet
and therefore not part of this statistical analysis plan.

The cost-effectiveness of the intervention will be evalu-
ated, based on quality-adjusted life years (QALYs) in rela-
tion to healthcare and non-health care costs during the
follow-up period of 2 years. A more detailed description
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of the methods and planned analyses is described in the
study protocol [1].

Secondary outcomes will be analyzed using generalized
estimating equations (GEE) as is done for the primary
outcome. For binary variables, a Bernoulli probability
function and logit-link function are used; for continu-
ous outcomes, a Gaussian probability function and an
identity-link are used, while for count outcomes a Pois-
son distribution with a log link is used. We will allow for
overdispersion and will use negative binomial or normal
models, in case the assumed mean—variance relation that
was assumed looks to be strongly violated as determined
by visual inspection. For the purpose of the analyses, the
parental reported outcomes measured on a 5-point scale
are considered to be continuous. For sparse binary out-
comes (quasi-)separation might occur which may result
in biased or even nonfinite parameter estimates. In
these cases, we will apply Firth bias correction. Further-
more, the working correlation is simplified by not taking
twins into account (GEE is robust to misspecification of
the working correlation). The analyses of the secondary
outcomes aim to generate new hypotheses. As no multi-
plicity adjustments will be applied, results on secondary
outcomes will be reported as explorative.

Subgroup analyses

To explore differences in response to the intervention in
different categories of infants, subgroup analysis will be
done, using the intention-to-treat set. Separate analyses
will be carried out for two groups based on gestational
age, mode of birth, and sex of the infant (Table 3). The
logistic model used will be expanded by an interaction
term between the grouping variable and the treatment.
We will compare treatment arms within both subgroups
and also report the p-value for the test of a different treat-
ment effect between the subgroups. Note that regard-
less of the outcome of this test, the interaction term will
remain in the model.

An exploratory analysis is planned on the learning
curve of this new intervention. We hypothesize that the
practice of the intervention may improve with more
experience within a center. Therefore, we will study the
interaction between the number of passed interventions
and the intervention effect on the primary outcome. This
will be added to the earlier described model.

Table 1 Mock table of the reporting on the results of the analysis of the primary outcome of the ABC3 study

Analyses set Intact survival PBCC Intact survival TBCC p-value Odds ratio Absolute risk difference
Intention to treat N (%) N (%) p-value OR (95% CI) ARD (95% Cl)
Per protocol N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)

PBCC Physiological-based cord clamping, TBCC Time-based cord clamping, N Number, OR Odds ratio, C/ Confidence interval, ARD Absolute risk difference
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Table 2 List of secondary outcomes, including the levels of measurement
Unit of measurement Categorial Additional
Maternal and placental variables
Estimated total blood loss mL
Postpartum hemorrhage > 1000 mL Yes/No
Rupture of umbilical cord Yes/No
Placental weight Gram
Surgical site infection after caesarean section Yes/No
Variables related to stabilization at birth
Support during transition Yes/No
Use of supplemental oxygen Yes/No
Use of continuous positive airway pressure Yes/No
Use of positive pressure ventilation Yes/No
Use of endotracheal ventilation Yes/No
Use of chest compressions Yes/No
Use of epinephrin Yes/No
Number of lung inflations Total number
Number of sustained inflation Total number
Maximum FiO2 administered Fraction
Apgar scores at 1, 5,and 10 min 1-10
Time to stabilization Minutes and seconds
Cord clamping time Minutes and seconds
Arterial umbilical cord pH
Infant variables
Temperature at admission Degrees Celsius
Hemoglobin (<24 h) mmol/L
Hematocrit /L
Polycythemia (venous hematocrit > 0.65 I/1) Yes/No
Intubation (<72 h) Yes/No
Respiratory distress syndrome Yes/No
Surfactant therapy Yes/No
Pneumothorax Yes/No
Pulmonary hemorrhage Yes/No
Pulmonary interstitial emphysema Yes/No
Oxygen requirement (>21%) Days
Bronchopulmonary dysplasia [6, 7] Yes/No Stage
Volume expansion (<72 h) Yes/No
Inotropic use (<72 h) Yes/No
Persistent ductus arteriosus requiring treatment Yes/No Treatment
Highest bilirubin level pumol/I
Hyperbilirubinemia requiring therapy Yes/No Treatment
Culture-proven early-onset sepsis Yes/No
Culture-proven late-onset sepsis Yes/No Total number
Meningitis Yes/No
Necrotizing enterocolitis [8] Yes/No Stage, treatment
Focal intestinal perforation Yes/No
Red blood cell transfusion Yes/No Total number
Intraventricular hemorrhage [9] Yes/No Stage
Post-hemorrhagic ventricular dilatation Yes/No Treatment
Periventricular venous infarction [9] Yes/No
Periventricular leukomalacia [10] Yes/No Stage
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Table 2 (continued)
Unit of measurement Categorial Additional
Cerebellar hemorrhage Yes/No
Seizures Yes/No
Retinopathy of prematurity [11] Yes/No Stage, treatment
Retinopathy of prematurity plus disease [11] Yes/No
Mortality at 28 days postnatal age Yes/No
Mortality at 36 weeks PMA Yes/No
Mortality at hospital discharge Yes/No
Length of NICU stay Days
Length of hospital stay Days
Weight, length, and head circumference at discharge Gram, cm
FiO2 Fraction of inspired oxygen, PMA Post-menstrual age, NICU Neonatal intensive care unit
Table 3 Mock table showing reporting on the results of the subgroup analyses
Subgroup Intact survival Intact survival p-value Odds ratio Absolute risk difference
PBCC TBCC
Gestational age
<27 +0 weeks N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)
>27+0 weeks N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)
Interaction effect gestational age p-value OR (95% Cl)
Mode of birth
Vaginal N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)
CS N (%) N (%) p-value OR (95% CI) ARD (95% Cl)
Interaction effect mode of birth p-value OR (95% Cl)
Sex
Boys N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)
Girls N (%) N (%) p-value OR (95% Cl) ARD (95% Cl)
Interaction effect sex p-value OR (95% Cl)

PBCC Physiological-based cord clamping, TBCC Time-based cord clamping, CS Caesarean section, N Number, OR Odds ratio, C/ Confidence interval, ARD Absolute risk

difference

More exploratory post hoc (subgroup) analyses may be
conducted; these will be clearly marked as such. Based on
the exploratory nature of the subgroup analyses, no mul-
tiplicity adjustment is made to p-values and confidence
intervals.

Interim analyses

An external data monitoring committee (DMC) moni-
tors safety outcomes and provides recommendations
regarding the continuation or premature termination of
the trial. The independent DMC consists of an obste-
trician, neonatologist, statistician, and epidemiologist,
all experienced in clinical research and not involved in
the trial. No interim analyses concerning efficacy are
performed. We planned two interim statistical analyses
on safety during the course of this study, after approx-
imately 25% and 50% of the total required infants
completed their primary outcome. The only stopping

condition is based on safety. The decision to stop or
continue is made by the trial team based on the advice
of the DMC.

In the interim analyses, a reduced set of baseline
variables (gestational age, birthweight, and sex) and
outcomes is studied. To study safety, the primary out-
come of the study was analyzed using GEE as described
above. Secondary outcomes studied are infant death,
NEC Bell’s stage>2, severe cerebral injury, maternal
blood loss, maternal blood loss > 1000 mL, infant tem-
perature (°C), hypothermia (<32 °C), and rupture of
the umbilical cord. Unlike the final analysis, stratifica-
tion factors are not taken into account, as strata are
expected to be small in the interim stages. The causes
of death for deceased infants are summarized in line
listing for inspection by the DMC. Because the trial
will never be prematurely stopped based on efficacy, no
alpha-spending is required.
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Significance levels and multiplicity adjustments

A significance level of 5% will be used for all tests. No
formal multiplicity adjustment will be used; however,
allowance for multiple testing will be made in the discus-
sion of the results of the descriptive analyses, secondary
outcomes, and subgroups.

Software
We will use R version 3.5.0 (or later) for the interim and
final analysis [12].

Trial reporting
When reporting the results of the trial, we will follow the
principles laid out in the CONSORT statement [13].

Trial status

The study is conducted according to the principles of the
Declaration of Helsinki, good clinical practice guidelines,
and the Dutch law (Medical Research Involving Human
Subjects Act).

The trial is funded by The Netherlands Organisation
for Health Research and Development (project num-
ber 852001902). AtP is a recipient of an NWO innova-
tional research incentives scheme (VIDI 91716428). RK
received a grant from the Sophia Children’s Hospital
Foundation (Rotterdam, S17-14). This project was spon-
sored by the Gisela Thier Fund (Leiden).

The study protocol was reviewed and approved by
the Medical Ethical Committee of the LUMC, on Dec
19, 2018. The trial was registered at clinicaltrials.gov
NCTO03808051 on January 17, 2019, followed by the first
infant being recruited at the Leiden University Medi-
cal Centre. Since then, nine other centers have started
recruiting. All centers have been monitored as planned.
Also as planned, two interim analyses have been run,
upon which the DMC gave consent to continue the study.
Inclusion was completed in October 2022. Completion of
the short-term outcome dataset is expected in the second
quartile of 2023. Data analyses on the short-term out-
comes will not be started before the short-term dataset
has been locked, and this statistical analysis plan has been
submitted for publication in a peer-reviewed journal.

Abbreviations
ABC Aeration, Breathing, Clamping
DCC Delayed cord clamping

IVH Intraventricular hemorrhage
NEC Necrotizing enterocolitis
PVL Periventricular leukomalacia

BPD Bronchopulmonary dysplasia

TBCC  Time-based cord clamping
PBCC  Physiological-based cord clamping
NICU Neonatal intensive care unit

PMA Postmenstrual age
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cS Caesarean section

QALY Quality-adjusted life years

GEE Generalized estimating equations
OR Odds ratio

a Confidence interval

N Number

ARD Absolute risk difference

(S)AE (Serious) adverse event
DMC Data monitoring committee
MREC  Medical Research Ethics Committee
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