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Abstract

Background Infants born with congenital diaphragmatic hernia (CDH) are at high risk of respiratory insufficiency
and pulmonary hypertension. Routine practice includes immediate clamping of the umbilical cord and endotracheal
intubation. Experimental animal studies suggest that clamping the umbilical cord guided by physiological changes
and after the lungs have been aerated, named physiological-based cord clamping (PBCC), could enhance the fetal-to-
neonatal transition in CDH. We describe the statistical analysis plan for the clinical trial evaluating the effects of PBCC
versus immediate cord clamping on pulmonary hypertension in infants with CDH (PinC trial).

Design The PinC trial is a multicentre, randomised controlled trial in infants with isolated left-sided CDH, born > 35.0
weeks of gestation. The primary outcome is the incidence of pulmonary hypertension in the first 24 h after birth.
Maternal outcomes include estimated maternal blood loss. Neonatal secondary outcomes include mortality

before discharge, extracorporeal membrane oxygenation therapy, and number of days of mechanical ventilation.
Infants are 1:1 randomised to either PBCC or immediate cord clamping using variable random permutated block sizes
(4-8), stratified by treatment centre and estimated severity of pulmonary hypoplasia (i.e. mild/moderate/severe). At
least 140 infants are needed to detect a relative reduction in pulmonary hypertension by one third, with 80% power
and 0.05 significance level. A chi-square test will be used to evaluate the hypothesis that PBCC decreases the occur-
rence of pulmonary hypertension. This plan is written and submitted without knowledge of the collected data. The
trial has been ethically approved.

Trial registration ClinicalTrials.gov NCT04373902 (registered April 2020).
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Background

Two thirds of all infants born with congenital diaphrag-
matic hernia (CDH) develop severe pulmonary hyper-
tension after birth, which is associated with a high risk
of mortality [1-5]. Postnatal treatment of pulmonary
hypertension mainly consists of pulmonary vasodilators
and haemodynamic support including extracorporeal
membrane oxygenation (ECMO) therapy. However, the
effects of currently used pulmonary vasodilators such as
inhaled nitric oxide and intravenous sildenafil in infants
with CDH-related pulmonary hypertension are often
variable and insufficient [6, 7]. Preclinical studies in an
ovine model of diaphragmatic hernia have suggested that
the current standard of care including immediate cord
clamping contributes to the high pulmonary vascular
resistance after birth [8]. Clamping the umbilical cord
after the lungs have been aerated potentially attenuates
the high pulmonary pressures after birth [8]. To evaluate
the effects of this approach, called physiological-based
cord clamping (PBCC), on pulmonary hypertension, we
are currently conducting a multicentre, randomised con-
trolled trial: PBCC versus immediate cord clamping in
infants born with CDH (PinC). The study protocol was
published previously [9]. This paper describes the statisti-
cal analysis plan (SAP) for the PinC trial in detail and is
written and submitted without knowledge of the data.

Objectives

The primary aim of the PinC trial is to investigate the
hypothesis that implementation of PBCC in the stabi-
lisation period of infants born with CDH is effective in
reducing the incidence of pulmonary hypertension in the
first 24 h after birth when compared to the standard of
care of immediate cord clamping.

Methods/design

Design and setting

The PinC trial is an international, multicentre, ran-
domised controlled superiority trial in infants born with
CDH. Patients are currently recruited from nine tertiary
care centres in the Netherlands, Belgium, Austria, Aus-
tralia, Sweden, Italy, and Germany.

Study protocol development and conduct

This trial has been approved by the Medical Ethical Com-
mittee of the Erasmus MC University Medical Center,
Rotterdam, The Netherlands (MEC2019-0414). The trial
is registered with the registry sponsored by the United
States National Library of Medicine Clinicaltrials.gov
NCT04373902 (registered April 2020). Local ethical
approval was obtained from the ethical committees of
participating centres before trial initiation. The study is
conducted according to the principles of the Declaration
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of Helsinki, good clinical practice and international rules
and regulations on personal data protection [10-12].
Changes in the trial protocol made after initiation of the
trial are further explained in this paper.

Randomisation and data collection

Inclusion criteria and exclusion criteria are reported
in detail in the study protocol [9]. Infants are eligible if
diagnosed with an isolated left-sided CDH on prena-
tal ultrasound with gestational age at delivery > 35.0
weeks [9]. Exclusion criteria are right-sided and bilateral
CDH, antenatal diagnosed major associated structural
or genetic abnormalities, high urgency caesarean section
(intended interval to delivery < 15 min), cases that have
been treated during pregnancy with experimental drug
therapy aiming to decrease the occurrence of pulmo-
nary hypertension, twin pregnancies in which the infant
diagnosed with CDH is born first, multiple birth > 2, and
placental abnormalities (i.e. anterior placenta praevia,
placental abruption). Written informed consent from
both parents is required for inclusion. Eligible fetuses
will be randomised 1:1 to either PBCC or the standard
approach of immediate cord clamping. Study proce-
dures regarding PBCC and immediate cord clamping are
explained in the study protocol [9]. Blinding of the allo-
cation arm during intervention is not possible due to the
nature of the intervention. Allocation will be stratified by
predicted lung size (determined by observed to expected
lung-to-head ratio and liver position, graded as mild/
moderate/severe lung hypoplasia, measured between 20
and 26 weeks of gestation or at initial visit) and by treat-
ment centre, using variable random permutated block
sizes (4-8) [13]. Randomisation and data collection are
performed in the electronic data capture system Cas-
tor EDC. This electronic database facilitates on-site data
entry and ensures concealment of allocation. Security is
guaranteed with login names, login codes, and two fac-
tor authentication. Only dedicated and trained co-inves-
tigators in each centre receive credentials for Castor
EDC and are thus allowed to enter data and randomise
patients. Patient data are collected until the end of the
study period, which is defined as discharge from the ter-
tiary care hospital or death before discharge depending
on which occurs first and with a maximum study dura-
tion of 6 months.

Data collection and management are implemented
according to good clinical practice guidelines. To ensure
feasibility of the trial, participating centres use their
local CE-approved devices to assess the outcome meas-
ures strictly defined in the trial protocol. Those devices
include amongst others resuscitation trolleys, respiratory
function monitors, pulse oximeters, echocardiography
machines, and laboratory equipment. All participating
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centres are certified tertiary academic hospitals that can
carry out high-standard neonatal intensive care and all
the trial-related investigational procedures. To increase
reliability of the data, it is promoted to measure echo-
cardiographic parameters in triplicate and averaged,
although this is not possible in each centre. Biochemi-
cal and haematological outcomes, such as haemoglobin
and bilirubin, are assessed in the local certified laborato-
ries. Measurement units will be standardised as has been
specified in Tables 1, 2, 3, and 4.

Baseline characteristics

Baseline characteristics will be collected for mothers and
infants and will be presented in the final report of the
trial. All collected data are depicted in Table 1.

Primary outcome

The primary outcome is pulmonary hypertension diag-
nosed in the first 24 h after birth based on a combina-
tion of clinical and echocardiographic criteria, as was
described in the study protocol [9]. Clinical parameters
are as follows: (1) a difference between preductal and
postductal oxygen saturation > 10% for a minimum of
15 min, with the specification of 15 min being added to
the protocol after trial commencement because a single
measurement of > 10% is likely due to a measurement
error; (2) oxygenation index > 20. Echocardiographic
parameters are as follows: (1) right ventricular systolic
pressure > 2/3 systemic systolic pressure; (2) right ven-
tricle dilatation/septal displacement or right ventricular
dysfunction + left ventricular dysfunction [14, 15]. Pul-
monary hypertension is present if at least 2 out of 4 cri-
teria are present or if the infant requires ECMO therapy
within the first 24 h after birth [14].

The initial version of the research protocol described
echocardiographic evaluation between 12 to 24 h after
birth. To guarantee feasibility in all centres, the trial team
changed the evaluation period to within the first 24 h
after birth, as routine evaluation in some centres takes
places within the first 12 h. This change was reported to
and approved by the medical ethical committee of the
Erasmus MC in March 2020, before inclusion of the first
patient. Furthermore, aiming to limit bias, the primary
outcome was refined with the statement about ECMO
therapy after discussions with additional centres in April
2021.

Secondary outcomes and exploratory outcomes

To limit type I errors, we predefined a limited num-
ber of secondary outcomes that will be included in
formal statistical analyses. The choice of secondary
outcomes was based on clinical relevance and existing
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literature and includes the following: (1) mortality
before discharge from the tertiary care hospital, (2)
presence of > 3 criteria for pulmonary hypertension
or extracorporeal membrane oxygenation within 24
h after birth, (3) ECMO therapy, (4) duration of sup-
plemental oxygen need, (5) duration of mechanical
ventilation, (6) duration of admission to the tertiary
care hospital, and the safety parameter (7) postpartum
haemorrhage (Table 2). All other secondary outcomes
will be considered exploratory outcomes that will not
be included in formal statistical testing. Additional to
the exploratory outcomes depicted in Table 3, we will
collect the following data: echocardiographic confir-
mation of the presence of pulmonary hypertension
requiring therapy on days 7, 14, 21, and 28 and at dis-
charge; the response to iNO defined as one of the fol-
lowing criteria: a decline of 10-20% in pre-postductal
SpO, difference, or an increase of 10-20% in PaO,, or
improvement in haemodynamic parameters meaning
10% increase in mean blood pressure, or a decrease
in lactate levels [6]. The number of days needing sup-
plemental oxygen is defined as each calendar day on
which the infant required FiO, > 21% for any duration
that day. For each calendar day of respiratory support,
only the modality with the highest level of support
applied on that day will be counted. Causes of death
for deceased infants will be summarised in the final
report. To objectify the echocardiographic criteria in
the primary outcome, we will collect specific echocar-
diographic parameters in the first 24 h after birth, as
depicted in Table 4 [15]. Where possible, the investiga-
tor evaluating the echocardiography is blinded to allo-
cation, which will not be feasible in all centres due to
limited human resources in routine practice. The first
echocardiography including the parameters mentioned
in Table 4 will be analysed.

Finally, continuous physiological measurements will
be collected in the first 72 h if feasible, including the
following: heart rate (bpm), preductal and postductal
saturation (%), cerebral oxygenation (%), mean arte-
rial blood pressure (mmHg), arterial partial pressure
of oxygen (PaO,, kPa), and respiratory support settings
(mean airway pressure in cmH,O, fraction of inspired
oxygen in %, flow in L/min). Limited to infants born
in the Erasmus MC, parental perception and appre-
ciation of the approach during birth and stabilisation
of their infant will be evaluated with a short ques-
tionnaire in both treatment arms. This questionnaire
includes rating of 7 items on a 5-point scale and an
open question. Topics include parental anxiety, safety,
size of the team present, and provision of information.
The results from physiological measurements and the
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Table 1 Baseline characteristics
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PBCC (n=70)

ICC(n=70)

Maternal baseline characteristics
Age at giving birth (years)
Parity (n)
Smoking during pregnancy
Preterm premature rupture of the membranes
- Gestational age at occurrence (weeks)
Any administration of antenatal corticosteroids
Mode of delivery:
- Vaginal birth
- Caesarean section
o Indication:
m Flective
= Emergency
+ Reason:
o Fetal distress
o Failure to progress
o Maternal indication
- Use of general anaesthetics
Fetal baseline characteristics
Estimated severity of lung hypoplasia:
- Mild
- Moderate
- Severe
Liver position:
- Intra-abdominal
- Intrathoracic
Observed to expected lung-to-head ratio (%)
- Gestational age at measurement (weeks)
Fetal lung volume right lung (ml)
Fetal lung volume left lung (ml)
Observed to expected fetal lung volume (%)
- Gestational age at measurement (weeks)
Fetoscopic endoluminal tracheal occlusion therapy
- Duration of tracheal occlusion (days)
Neonatal baseline characteristics
Sex:
- Male
- Female
Birth weight (g)
Gestational age at birth (weeks)
Apgar score at 1 min
Apgar score at 5 min
Umbilical artery pH
Intubation in the delivery room
- Conventional mechanical ventilation
- High frequency oscillatory ventilation
© Mean airway pressure (cmH,0)
o Frequency (Hz)
o Amplitude (cmH,0)

Mean + SD or median [IQR]
Mean =+ SD or median [IQR]
n (%)
n (%)
Mean #+ SD or median [IQR]

n (%)
n (%)

n (%)

n (%)

Mean + SD or median [IQR
Mean =+ SD or median [IQR
Mean + SD or median [IQR
Mean =+ SD or median [IQR
Mean + SD or median [IOR
Mean + SD or median [IQR
n (%)

Mean + SD or median [IQR]

]
]
]
]
]
]

n (%)

n (%)

Mean + SD or median [IQR]
Mean = SD or median [IQR]
Mean =+ SD or median [IQR]
Mean + SD or median [IQR]
Mean =+ SD or median [IQR]

n (%)
n (%)
Mean + SD or median [IQR]
Mean + SD or median [IQR]
Mean =+ SD or median [IQR]

Mean + SD or median [IQR]
Mean = SD or median [IQR]
n (%)
n (%)
Mean + SD or median [IQR]

n (%)

n (%)

Mean + SD or median [IQR
Mean = SD or median [IQR
Mean + SD or median [IQR
Mean = SD or median [IQR
Mean + SD or median [IQR
Mean + SD or median [IQR
n (%)

Mean + SD or median [IQR]

]
]
]
]
]
]

n (%)

n (%)

Mean = SD or median {

Mean = SD or median [IQR]

Mean + SD or median [IQR]

Mean + SD or median ]
1

Mean + SD or median

n (%)
n (%)
Mean + SD or median [IQR]
Mean + SD or median [IQR]
Mean + SD or median [IQR]
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Table 1 (continued)
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PBCC (n=70) ICC (n=70)
Continuous positive airway pressure in the delivery room n (%) n (%)
High flow in the delivery room n (%) n (%)

Initial fraction of inspired oxygen (%)
Maximum fraction of inspired oxygen (%)

Maximum positive end-expiratory pressure (cmH,0)

Maximum peak inspiratory pressure (cmH,0)

Maximum flow (I/min)

Body temperature at admission to the intensive care unit (degrees Celsius)
Haemoglobin level at admission to the intensive care unit (mmol/l)

Mean = SD or median [IQR]
Mean =+ SD or median [IQR]
Mean =+ SD or median [IQR]
Mean =+ SD or median [IQR]
Mean + SD or median [IQR]
Mean =+ SD or median [IQR]
Mean + SD or median [IQR]

Mean = SD or median [IQR]
Mean + SD or median [IQR]
Mean = SD or median [IQR]
Mean + SD or median [IQR]
Mean + SD or median [IQR]
Mean = SD or median [IQR]
Mean + SD or median [IQR]

ICCImmediate cord clamping, QR Interquartile range, PBCC Physiological-based cord clamping

Table 2 Primary and secondary outcomes

PBCC (n=70)

ICC (n=70) p value Difference® Relative risk?

Primary outcome

Pulmonary hypertension (defined
as at least 2 out of 4 criteria for pulmonary
hypertension or need for ECMO therapy
in the first 24 h) after birth in the total
study population

n (%)

n (%) p Difference (95% CI) RR (95% Cl)

Pulmonary hypertension or need for ECMO therapy in the first 24 h after birth in subgroups with estimated:

- Mild pulmonary hypoplasia

- Moderate pulmonary hypoplasia

- Severe pulmonary hypoplasia
Secondary outcomes®

Mortality before discharge from tertiary
care hospital

Presence of > 3 criteria for pulmonary
hypertension or extracorporeal mem-
brane oxygenation within 24 h after birth

ECMO therapy

Number of days needing supplemental
oxygen

Number of days on mechanical ventila-
tion

Number of days of admission to tertiary
care hospital

Postpartum haemorrhage (estimated
maternal blood loss > 1000 ml)

n (%)
n (%)
n (%)

n (%)

n (%)

n (%)

Mean =+ SD and median [IQR]

Mean =+ SD and median [IQR]

Mean =+ SD and median [IQR]

n (%)

n (%) p Difference (95% CI) RR (95% Cl)
n (%) p Difference (95% Cl) RR (95% Cl)
n (%) p Difference (95% Cl) RR (95% Cl)
n (%) Difference (95% CI) RR (95% Cl)
n (%) Difference (95% CI) RR (95% Cl)
n (%) Difference (95% Cl) RR (95% Cl)
Mean =+ SD and median [IQR] Difference (95% Cl)

Mean =+ SD and median [IQR] Difference (95% Cl)

Mean =+ SD and median [IQR] Difference (95% I)

n (%) Difference (95% Cl) RR (95% Cl)

Cl Confidence interval, ECMO Extracorporeal membrane oxygenation, /CC Immediate cord clamping, /QR Interquartile range, OR Odds ratio, PBCC Physiological-based
cord clamping, RR Relative risk, SD Standard deviation

2 Differences will be calculated as the absolute difference in percentages for dichotomous data or as the difference in medians and means for continuous data

b Relative risks will only be calculated for dichotomous data

€ Secondary outcomes will be reported in the total study population and in the subgroup with survivors, respectively

parental questionnaire will not be analysed in the main
report of the study but will be explored and reported

separately.

Safety

As CDH is a condition already associated with a sig-
nificant risk of complications, serious morbidity is often

inherent to the disease and unrelated to the intervention
that is under evaluation in this trial. Therefore, we have
specified context-specific SAEs that are reported to the
data and safety monitoring board (DSMB) and METC on
an annual base and that are collected as secondary out-
comes: oxygen dependency on day 28, sepsis, cerebral
complications, and ECMO therapy. Non-context specific
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Table 3 Exploratory outcomes

Page 6 of 12

PBCC (n=70)

ICC(n=70)

Treatment related exploratory outcomes
Protocol violations (yes/no)
Time interval between birth and positioning of the baby on the resuscitation table (s)
Time interval between birth and start of respiratory support (s)

Time interval between birth and time to ‘stable’ (heart rate > 100 bpm, saturation >
85%, and FiO, < 0.5;5)

Time interval between birth and cord clamping (s)
Maternal exploratory outcomes
Estimated maternal blood loss during delivery (ml)
Need for blood transfusion during admission (yes/no)
Surgical site infection after caesarean section (yes/no)
Other maternal morbidity (yes/no)
Neonatal exploratory outcomes
Highest oxygenation index in the first 24 h
Highest pre-postductal SpO, difference in the first 24 h (%)
Number of criteria for pulmonary hypertension present
Systemic blood pressure during echocardiography (mmHg)
ECMO duration (days)
ECMO complications (yes/no)
Pulmonary hypertension requiring therapy at:
- Day 7 (yes/no)
- Day 14 (yes/no)
- Day 21 (yes/no)
- Day 28 (yes/no)
- Discharge (yes/no)
Use of pulmonary vasodilators:
- Sildenafil (yes/no)
o Number of days
- Prostaglandin E (yes/no)
o Number of days
- Bosentan (yes/no)
o Number of days
- Prostacyclins (yes/no)
o Number of days
- Milro inone (yes/no)
o Number of days
-iNO (yes/no)
o Number of days
o Response to iNO (yes/no)
0 iNO started as routine management (yes/no)
Use of inotropes in the first 72 h:
- Adrenalin (yes/no)
0 Maximum dosage (mcg/kg/min)
- Dobutamine (yes/no)
0 Maximum dosage (mcg/kg/min)
- Dopamine (yes/no)
o Maximum dosage (mcg/kg/min)
- Milrinone (yes/no)
o Maximum dosage (mcg/kg/min)
- Noradrenalin (yes/no)

n (%)

Mean =+ SD or median [IQR]
Mean =+ SD or median [IQR]
Mean =+ SD or median [IQR]

Mean =+ SD or median [IQR]

Mean + SD or median [IQR]
n (%)
n (%)
n (%)

Mean + SD or median
Mean + SD or median
Mean + SD or median

Mean + SD or median [IQR

]

]

IQR]

]

Mean =+ SD or median ]
n (%)

S

>S5 3 3 > >
g8 &EE

S

n (%)
Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
n (%)

n (%)
Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)

n (%)

Mean = SD or median [IQR]
Mean + SD or median [IQR]
Mean = SD or median [IQR]

Mean = SD or median [IQR]

Mean + SD or median [IQR]
n (%)
n (%)
n (%)

Mean + SD or median
Mean + SD or median
Mean + SD or median

Mean + SD or median [IQR

]

]

IQR]

1

Mean + SD or median {
n (%)

S

535 3 3 3 >
£8&ELEE

S

n (%)
Mean + SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
n (%)

n (%)
Mean + SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
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Table 3 (continued)
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PBCC (n=70)

ICC(n=70)

0 Maximum dosage (mcg/kg/min)
- Vasopressin (yes/no)

o Maximum dosage (units/kg/min)
Administration of a bolus of fluid in the first 24 h (yes/no)
Frequency of bolus of fluid in first 24 h
Total volume of fluid therapy in the first 24 h (ml/kg)

Culture proven early onset sepsis < 72 h (yes/no)

- Start day

Culture proven late onset sepsis > 72 h (yes/no)
- Start day

Hyperbilirubinemia requiring therapy (yes/no)
- Maximum bilirubin level (mg/dl)

Phototherapy (yes/no)
- Duration of phototherapy (days)

Exchange transfusion (yes/no)

Cerebral complications:

- Haemorrhage (yes/no)

- Infarction (yes/no)

- Other (yes/no)

Surgical repair diaphragm (yes/no)

Day of surgery

Use of patch during surgery (yes/no)
Surgical approach:

- Laparotomic (yes/no)

- Thoracoscopic (yes/no)

- Laparoscopic (yes/no)

Diaphragmatic defect size [18]:

-A

-B

-C

-D

- Unknown

Number of days on:

- NIPPV/NIV (days)

- CPAP/high flow > 2 L (days)

- Low flow < 2 L (days)

Oxygen dependency on day 28 (yes/no)

Participation in other randomised controlled trials (yes/no)
Number of days on intensive care unit

Discharge without oxygen dependency (yes/no)
Discharged on pulmonary vasodilators (yes/no)
Discharged with palliative care (yes/no)

Number of days alive if death before discharge

Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean + SD or median [IQR]
Mean =+ SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean =+ SD or median [IQR]
n (%)

S

S 3 3 >
=

)
Mean =+ SD or median [IQR]
n (%)

n (%)
n (%)

S

S 3 3 3 >
S =

S

Mean =+ SD or median [IQR]
Mean + SD or median [IQR]
Mean =+ SD or median [IQR]
n (%)
n (%)
Mean =+ SD or median [IQR]
n (%)
n (%)
n (%)
Mean =+ SD or median [IQR]

Mean = SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean + SD or median [IQR]
Mean = SD or median [IQR]
n (%)
Mean = SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)
Mean + SD or median [IQR]
n (%)

%

S

)
)
)

S

S 3 3 >
IS

)
Mean = SD or median [IQR]
n (%)

n (%)

S

>S5 3 3 S 3
A/O\B/O\EAA

S

Mean + SD or median [IQR]
Mean + SD or median [IQR]
Mean = SD or median [IQR]
n (%)
n (%)
Mean + SD or median [IQR]
n (%)
n (%)
n (%)
Mean = SD or median [IQR]

CPAP Continuous positive airway pressure, ECMO Extracorporeal membrane oxygenation, ICC Immediate cord clamping, iNO, Inhaled nitric oxide, IQR Interquartile
range, NIPPV Non-invasive positive pressure ventilation; non-invasive ventilation, PBCC Physiological-based cord clamping, SpO, Oxygen saturation

SAEs are reported to the METC within 15 days after
the sponsor has first knowledge of the SAE. Postpartum
haemorrhage (estimated maternal blood loss > 1000 ml)

is considered a safety parameter, and the sponsor will
as such report this serious adverse event (SAE) to the
METC within 7 days of first knowledge.
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Table 4 Echocardiographic parameters [15]
PBCC (n=70) ICC (n=70)

Right ventricular systolic pressure (mmHg) Mean + SD or median [IQR] Median [IQR]
Right ventricular size:

- Normal (yes/no) n (%) n (%)

- Dilated (yes/no) n (%) n (%)
Right ventricular function:

- Normal (yes/no) n (%) n (%)

- Impaired (yes/no) n (%) n (%)
Pulmonary artery acceleration time (PAAT; ms) Mean + SD or median [IQR] Median [IQR]
Right ventricular ejection time (RVET; ms) Mean = SD or median [IQR] Median [IQR]
PAAT to RVET ratio Mean + SD or median [IQR] Median [IQR]
Interventricular septum configuration:

- Normal (O-shaped; yes/no) n (%) n (%)

- Flattened (D-shaped; yes/no) n (%) n (%)

- Displaced (crescent-shaped; yes/no) n (%) n (%)

Left ventricular dimension parallel to the septum (D1) Mean + SD or median [IQR] Median [IQR]
Left ventricular dimension perpendicular to the septum (D2) Mean + SD or median [IQR] Median [IQR]
Left ventricular systolic eccentricity index: D1/D2 Mean + SD or median [IQR] Median [IQR]
Tricuspid regurgitation (yes/no) n (%) n (%)

Peak velocity of tricuspid regurgitation (m/s) Mean + SD or median [IQR] Median [IQR]
Tricuspid annular plane systolic excursion (mm) Mean + SD or median [IQR] Median [IQR]
Systolic duration (SD; ms) Mean + SD or median [IQR] Median [IQR]
Diastolic duration (DD; ms) Mean = SD or median [IQR] Median [IQR]
Right ventricular SD/DD ratio Mean + SD or median [IQR] Median [IQR]
Transductal shunting direction:

- Right-to-left (yes/no) n (%) n (%)

- Left-to-right (yes/no) n (%) n (%)

- Bidirectional (yes/no) n (%) n (%)
Transductal shunting peak flow velocity (m/s) Mean + SD or median [IQR] Median [IQR]
Interatrial shunting direction

- Right-to-left (yes/no) n (%) n (%)

- Left-to-right (yes/no) n (%) n (%)

- Bidirectional (yes/no) n (%) n (%)

ICC Immediate cord clamping, IQR, interquartile range, PBCC, physiological-based cord clamping

A DSMB was established to advise the principal
investigator in protecting trial safety. Members of this
committee are two neonatologists, an obstetrician, and
a statistician. As stated in the protocol, the DSMB will
conduct two interim statistical analyses on safety dur-
ing the course of this study, after approximately 25%
and 50% of the total required patients have completed
their primary outcome. Outcomes included in the
interim analysis on safety include the abovementioned
context-specific SAEs, neonatal mortality, and postpar-
tum haemorrhage. The first interim analysis has been
conducted and resulted in the DSMB advising in favour
of continuing the trial.

Statistical methods specified in the study protocol

Sample size calculation

As has been reported in the study protocol, the back-
ground incidence of pulmonary hypertension was pre-
viously reported at 69.7% in the first week after birth
[9, 16]. Based on a suggested clinically relevant reduc-
tion in pulmonary hypertension incidence of one third,
a total sample size of at least 140 infants was calculated
with 80% power and a two-sided type I error of 5%.

Originally proposed analyses
After start of the trial, the initially proposed analysis
plan was updated to increase feasibility of the study in
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all participating centres and to limit bias where pos-
sible. Here, we present our updated statistical analysis
plan.

Interim analyses and safety reporting

As was specified in the study protocol, no interim analy-
ses on efficacy will be performed. Only two interim anal-
yses on safety are planned, after 25% and 50% of the total
required patients have completed the primary outcome.
The only stopping condition will be concerns regarding
safety outcomes. The decision to terminate or continue
the trial is advised by the DSMB. The interim safety anal-
yses include SAEs and the pre-specified context-specific
safety outcomes listed as exploratory outcomes. Before
each interim analysis, the DSMB will receive a report that
includes blinded data on safety outcomes. On request
of the DSMB, treatment allocation can be unblinded.
The first safety interim analysis, after 25% of the total
required patients had completed the primary outcome,
was performed in 2022. The DSMB advised to con-
tinue the trial based on this interim analysis. In the final
report of the trial, a list of SAEs and reasons of mortal-
ity will be reported by allocation arm in supplementary
tables. SAEs and context-specific safety outcomes will be
reported as is described in the ‘Statistical analyses’ sec-
tion on secondary outcomes.

Statistical analysis plan

Overall principle

Statistical significance is set at p < 0.05, using two-sided
tests. For all relevant outcomes, a 95% confidence inter-
val (CI) will be reported. Statistical analyses will be per-
formed using the computing environment R (R Core
Team (2020), Vienna, Austria).

Data handling

Potential outliers will be investigated, and extreme outli-
ers, defined as being more than three times the interquar-
tile (IQR) range below the first quartile or above the third
quartile, will be listed individually in a supplement to the
main analysis. If it can be reasonably assumed that those
extreme outliers are due to an error in the data, they will
be excluded from all analyses. The data set will only be
locked after completion of the data set, data cleaning,
and data validation. The statistical analyses for signifi-
cant differences are done on a blinded data set and will be
carried out after locking the data set, which can only be
reversed in case of exceptional circumstances and after
agreement of the trial team that consists of the principal
investigator, data managers, and the trial statistician.
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Definition of analysis sets

The primary outcome will be analysed in the intention-
to-treat population to estimate the realised benefit of the
intention to do PBCC over immediate cord clamping.
The intention-to-treat population includes all patients
that are randomised to a particular treatment arm (PBCC
or immediate cord clamping), independent of actual
treatment received, protocol deviations, or exclusion cri-
teria. Patients will only be excluded from the study and
thus from all analyses if parental consent is withdrawn.
A secondary analysis will be performed in the per-proto-
col population to estimate the benefit of using PBCC—
instead of having the intention to—over immediate cord
clamping in the target population. The per-protocol pop-
ulation includes all randomised patients who completed
the protocol for the arm they were assigned to, had the
primary endpoint measured, had no major protocol vio-
lations, met all inclusion criteria, and did not meet any
of the exclusion criteria. Relevant major protocol viola-
tions are limited to equipment-related decisions to devi-
ate from the assigned protocol. For example, infants that
are allocated to PBCC but receive immediate cord clamp-
ing due to the resuscitation trolley not being present will
be analysed in the PBCC group in the intention-to-treat
analysis but will be excluded from the per-protocol pop-
ulations. Analysing these infants in the immediate cord
clamping group could introduce bias, as we assume that
cross-over will not be random. Additionally, we do not
anticipate that infants receive PBCC despite being ran-
domised for immediate cord clamping.

Statistical analyses

Patient flow

Figure 1 shows the expected patient flow. A similar fig-
ure, completed with numbers per category, will be
included in the final report of the trial. We will sum-
marise the reasons why patients are not eligible and the
reasons for not including eligible patients if reported.
Protocol deviations, defined as deviations in eligibility
criteria and patients not being stabilised according to the
allocated protocol as set forth in the study protocol, will
also be reported.

Baseline characteristics

All baseline characteristics will be described for each
allocation arm of the trial as depicted in Table 1. No for-
mal statistical testing will be performed on baseline char-
acteristics. Continuous data will be reported as mean +
SD or median [IQR] depending on distribution, and cat-
egorical data will be reported as counts and percentages.
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X pregnant women with fetus with
congenital diaphragmatic hernia

X were excluded:

X right-sided CDH

X bilateral CDH

X eventration of diaphragm

X genetic or major structural malformations
X women with placental abnormalities

X chose termination of pregnancy

X multiple births >2

X twin pregnancy with CDH first born

X were eligible for inclusion

X were excluded:

X declined to participate
X missed
X no consent asked because of language barrier

X underwent randomisation

X were assigned to ICC

X were assigned to PBCC

X withdrew consent

X withdrew consent

X were included in intention-to-treat analysis

X were included in intention-to-treat analysis

X did not receive allocated treatment
X had no primary endpoint measured
X had a major protocol violation

X did not meet all inclusion criteria

X met any of the exclusion criteria

X did not receive allocated treatment
X had no primary endpoint measured
X had a major protocol violation

X did not meet all inclusion criteria

X met any of the exclusion criteria

X were included in per protocol analysis

X were included in per protocol analysis

Fig. 1 Flowchart of inclusion. CDH, congenital diaphragmatic hernia; ICC, immediate cord clamping; PBCC, physiological-based cord clamping

Primary outcome

The effect of PBCC on the primary outcome will be ana-
lysed as a complete case analysis in the intention-to-treat
population. The main effect of PBCC on pulmonary
hypertension will be analysed using the chi-square test.
To explore the effect of PBCC on pulmonary hyperten-
sion per strata, subgroup analysis per strata (estimated
mild/moderate/severe pulmonary hypoplasia) will be
performed. An additional sensitivity analysis applying
mixed effect models will be conducted to investigate the

specific strata. The primary outcome will also be reported
as absolute differences in percentages with 95% CI and
relative risks with 95% CI to compare the intervention
group with the control group (Table 2).

Analysis of the primary outcome will be based on com-
plete cases and by protocol the independent variables in
this multivariable analysis cannot be missing as these are
required for randomisation. In the rare event that evalu-
ation of the primary outcome has not been performed
in the first 24 h, e.g. in the event of mortality before
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echocardiographic evaluation, the dependent outcome
(i.e. pulmonary hypertension) will be missing. To evalu-
ate the robustness of our findings and potential bias by
such missing data, we will perform a sensitivity analysis.
In this sensitivity analysis, missing values will be imputed
by using the ‘worst case’ observed in cases in which the
primary outcome was assessed.

Secondary outcomes
To limit multiplicity, formal statistical analyses will be
carried out for only a limited number of pre-defined sec-
ondary outcomes that were regarded most relevant from
a clinical perspective (Table 2). When mortality competes
with outcomes, the risk for these outcomes can be under-
estimated. Therefore, these secondary outcomes will
be reported in both the group of survivors and the total
study population. For continuous variables, we will report
absolute differences in means and medians with 95% CI.
For dichotomous variables, we will report relative risks
with 95% CI and absolute differences in percentages with
95% CI. The results will not be adjusted for multiplicity
and p-values will not be calculated. Additionally, the dis-
tribution of the data for each of the pre-defined continu-
ous secondary outcomes will be presented in histograms.
All possible effort will be made to complete the data-
set and we expect that data on the predefined secondary
outcomes will be present in nearly all infants. Hence, we
will not use imputation to complete the dataset in case of
missing values. The number of missing data in secondary
outcomes will be reported.

Exploratory secondary outcomes

Descriptive statistics will be used to report all exploratory
secondary outcomes—including context-specific safety
outcomes—in the intervention group and control group,
separately, and formal statistical testing will thus not be
performed. Continuous data will be reported as mean +
SD or median [IQR] depending on distribution, and cat-
egorical data will be reported as counts and percentages.

Trial reporting and status

The trial will be reported following the principles laid
out in the CONSORT statement [17]. The trial was initi-
ated in the Erasmus MC in May 2020. Eight additional
centres started recruitment of patients between August
2020 and March 2024. We anticipate on including the
final patient end-2024.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513063-024-08027-7.

[ Supplementary Material 1. }
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