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ABSTRACT
Introduction Following the detection of fetal growth 
restriction, there is no consensus about the criteria that 
should trigger delivery in the late preterm period. The 
consequences of inappropriate early or late delivery are 
potentially important yet practice varies widely around 
the world, with abnormal findings from fetal heart rate 
monitoring invariably leading to delivery. Indices derived 
from fetal cerebral Doppler examination may guide such 
decisions although there are few studies in this area. We 
propose a randomised, controlled trial to establish the 
optimum method of timing delivery between 32 weeks 
and 36 weeks 6 days of gestation. We hypothesise that 
delivery on evidence of cerebral blood flow redistribution 
reduces a composite of perinatal poor outcome, death and 
short- term hypoxia- related morbidity, with no worsening of 
neurodevelopmental outcome at 2 years.
Methods and analysis Women with non- anomalous 
singleton pregnancies 32+0 to 36+6 weeks of gestation 
in whom the estimated fetal weight or abdominal 
circumference is <10th percentile or has decreased 
by 50 percentiles since 18–32 weeks will be included 
for observational data collection. Participants will 
be randomised if cerebral blood flow redistribution 
is identified, based on umbilical to middle cerebral 
artery pulsatility index ratio values. Computerised 
cardiotocography (cCTG) must show normal fetal heart 
rate short term variation (≥4.5 msec) and absence of 
decelerations at randomisation. Randomisation will be 

1:1 to immediate delivery or delayed delivery (based on 
cCTG abnormalities or other worsening fetal condition). 
The primary outcome is poor condition at birth and/or fetal 
or neonatal death and/or major neonatal morbidity, the 
secondary non- inferiority outcome is 2- year infant general 

Strengths and limitations of this study

 ► Changes in cerebral Doppler measures are con-
sidered a strong candidate for triggering delivery 
following detection of late preterm fetal growth 
restriction.

 ► The primary outcome is a composite of perinatal 
and neonatal outcome, and infants will be followed 
to determine health and two- neurodevelopment 
at 2 years to ensure safety and non- inferiority of 
intervention.

 ► This appropriately powered UK and European mul-
ticentre trial will inform NHS policy and the findings 
will be generalisable to late preterm fetal growth 
restriction in other healthcare systems.

 ► There are limited data available in respect of se-
lecting the threshold of cerebral Doppler change for 
randomisation.

 ► Some non- UK centres will not randomise women at 
the earlier gestation range (32–33+6 weeks) and 
this could limit the generalisability of the results in 
this group of women.
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health and neurodevelopmental outcome based on the Parent Report of 
Children’s Abilities- Revised questionnaire.
Ethics and dissemination The Study Coordination Centre has obtained 
approval from London- Riverside Research Ethics Committee (REC) and 
Health Regulatory Authority (HRA). Publication will be in line with NIHR 
Open Access policy.
Trial registration number Main sponsor: Imperial College London, 
Reference: 19QC5491. Funders: NIHR HTA, Reference: 127 976. Study 
coordination centre: Imperial College Healthcare NHS Trust, Du Cane Road, 
London, W12 0HS with Centre for Trials Research, College of Biomedical & 
Life Sciences, Cardiff University. IRAS Project ID: 266 400. REC reference: 
20/LO/0031. ISRCTN registry: 76 016 200.

INTRODUCTION
Third trimester poor fetal growth and compromise are 
strongly associated with stillbirth, neonatal illness1 and an 
increased risk of fetal or neonatal brain injury.2 The only 
therapeutic option is delivery of the fetus. This poses a 
dilemma: delivery too early may incur the complications 
of prematurity, delivery too late risks further fetal compro-
mise, brain injury and late stillbirth. The problem of when 
to deliver these babies is twofold: there is no consensus on 
how to identify fetal compromise and there is no ‘ideal’ 
evidence- based monitoring strategy. Current screening 
strategies include standardised symphysis- fundal height 
measurement, third trimester ultrasound and umbilical 
Doppler velocimetry.3 4 National Institute for Health and 
Care Excellence (NICE) acknowledges that methods to 
identify fetal growth restriction (FGR) are ‘poorly devel-
oped or not tested by rigorous methodology’.

The use of Doppler ultrasound of fetal vessels allows 
non- invasive assessment of blood flow. Fetal ‘cerebral 
blood flow redistribution’, prioritising blood flow toward 
the brain at the expense of other organs, is a response 
to an adverse intrauterine environment characterised by 
hypoxaemia. Ultrasound markers of such fetal compro-
mise include Doppler assessment of blood flow velocity5–7 
and abdominal circumference growth velocity ‘drop off’ 
in the third trimester.8 9 Intervention by delivery of the 
fetus in response to either evidence of blood flow redis-
tribution or fetal growth slowing has never been tested 
in a randomised trial. Computerised cardiotocography 
(cCTG) has been used in several observational studies to 
determine fetal condition in relation to hypoxaemia and 
acidosis. The RCOG (Royal College of Obstetricians and 
Gynaecologists) recommends that research is required to 
evaluate the effectiveness of third trimester ultrasound 
assessment, concluding that ‘middle cerebral artery 
(MCA) Doppler may be a more useful test in small for 
gestational age (SGA) fetuses detected after 32 weeks’4 but 
does not define parameters that should trigger delivery. 
Even with effective screening for FGR, the questions of 
how to monitor and when to deliver would remain.

A Cochrane review of the management of ‘compro-
mised babies’ at term showed no difference in perinatal 
or long- term outcome with a policy of early delivery 
versus conservative management.10 Only three trials were 
included: two included small babies, both part of the 

DIGITAT (Disproportionate Intrauterine Growth Inter-
vention Trial At Term) study (a small pilot and the main 
trial),11 the third included babies with reduced amniotic 
fluid. There is no Cochrane review on the optimal timing 
of delivery in late preterm growth restricted babies.

A systematic review included only one trial of timed 
delivery in late preterm babies. The Growth Restriction 
Intervention Trial12 included 547 babies from 24 to 36 
weeks of gestation with evidence of preterm growth restric-
tion or compromise, where there was clinical uncertainty 
whether immediate delivery was indicated. Of these, 210 
babies were recruited between 33+0 and 36+6 weeks: 
107 women were randomised to early delivery and 103 to 
delayed delivery. Mortality and a range of neurodevelop-
mental measures were similar between the groups. These 
results cannot be used to inform management because of 
the small number of infants assessed using only umbilical 
artery Doppler velocimetry, the subjective assessment of 
the cardiotocograph (ie, not computerised analysis), and 
the use of clinician’s discretion rather than standardised 
management.

Results from our previous randomised trial of delivery 
decision- making using Doppler velocimetry and cCTG in 
pregnancies with FGR at 26–32 weeks of gestation—the 
TRial of Umbilical Fetal FLow in Europe (TRUFFLE) 
provided evidence associating monitoring strategies with 
improved outcomes13 and guides practice internation-
ally.14 15 In TRUFFLE (2005–2010) we studied FGR <32 
weeks of gestation using cCTG as the standard of care for 
timing delivery, compared with early or late fetal ductus 
venosus (DV) Doppler velocimetry changes with a cCTG 
‘safety net’. Surviving infants whose mothers had been 
randomised to delivery in late DV changes arm showed 
better neurodevelopment at 2 years of age.13

We then carried out the prospective multicentre 
observational TRUFFLE 2 Feasibility Study (2017–2018, 
n=1024). A range of markers of cerebral redistribu-
tion were evaluated as potential delivery trigger points 
in two gestational age bands. These included the MCA 
Doppler and the umbilical cerebral ratio (UCR); calcu-
lated by dividing the Doppler pulsatility index of the 
umbilical artery by that of the MCA. Participating clini-
cians suggested greater concern about fetal condition is 
required to trigger delivery at earlier rather than later 
gestational ages between 32 and 36 weeks. We, therefore, 
selected a more abnormal threshold for cerebral redis-
tribution at earlier gestational ages, based on stepped 
UCR z- score values.16 Of note was the finding from a 
prospective study that birth condition, fetal mortality 
and neonatal morbidity rate were more common among 
fetuses showing higher UCR z- score, indicating cerebral 
redistribution, compared with those with a lower UCR 
z- score (15 vs 9%).17

On this basis, we designed this randomised trial of 
delivery for women identified with late preterm FGR, 
to test the hypothesis that delivery based on UCR values 
derived from the feasibility study will safely lead to 
improved fetal outcomes (TRUFFLE 2).

P
rotected by copyright.

 on M
ay 5, 2022 at U

ppsala U
niversitet B

IB
S

A
M

 C
onsortia.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055543 on 15 A
pril 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


3Mylrea- Foley B, et al. BMJ Open 2022;12:e055543. doi:10.1136/bmjopen-2021-055543

Open access

METHODS AND ANALYSIS
Study design
This is an individual unblinded randomised trial of preg-
nant women experiencing FGR. Following informed 
consent, 1560 women will be randomised to either imme-
diate or delayed delivery. Women are being recruited 
from UK and European centres.

Potential participants are women with singleton non- 
anomalous pregnancies between 32+0 and 36+6 weeks 
of gestation in whom a SGA fetus is identified or one 
whose growth has slowed. This is defined as estimated 
fetal weight or abdominal circumference <10th percen-
tile and/or having decreased by 50 percentiles since an 
ultrasound scan at 18–32 weeks. Each centre will use local 
growth charts. Data is collected on absolute measurements 
and growth chart- derived percentiles. Once identified 
as potential participants women receive regular moni-
toring as per local standard of care for fetal condition, 
using ultrasound biometry, umbilical and MCA Doppler 
velocimetry assessments and cCTG (using Dawes- Redman 
criteria). This is recommended to be repeated every 14 
days; these observational data are recorded.

Women become eligible for randomisation when signs 
of fetal cerebral blood flow redistribution are detected by 
Doppler, defined below and shown in the study flow chart 
(online supplemental file 1—flow chart).

Delivery is based on UCR pulsatility index z- scores, 
of >1.5 (between 32+0 and 33+6 weeks) or >1.0 (34+0 to 
36+6 weeks). These correspond to an absolute UCR 
of ≥1.0 at 32+0 to 33+6 weeks and ≥0.8 at 34+0 to 36+6 
weeks. Abnormal UCR measurements must be repeated 
within 15 minutes–24 hours to confirm these values. This 
need not be consecutive, so that if the second measure-
ment is normal the patient may still be randomised if 
a repeat Doppler measurement is abnormal within 72 
hours of the first abnormal measurement. Randomisa-
tion will occur at the time of the second qualifying UCR 
measurement and is stratified by centre and gestational 
age. Randomisation is through the CASTOR website 
(Amsterdam, NL) into which eligibility, monitoring and 
outcome data are entered.

Women are consented in a two- stage process. Stage 1 
(pre- eligible) consent is not a prerequisite and women 
may be consented directly for randomisation with stage 2 
(eligible for randomisation) consent.

Pre-eligible: consent for observational data collection
Consented for prospective data collection once identified 
as meeting criteria for SGA or slowed fetal growth (as 
defined above) but not meeting cerebral Doppler thresh-
olds for randomisation or not willing to be randomised. 
This will include demographics, medical history, ultra-
sound findings and outcomes. This consent will include 
obtaining a personal email address, which is entered into 
and stored on Castor, and willingness to be contacted in 
the future for follow- up where women are randomised 
(online supplemental file 2—consent form for observa-
tional data collection).

Eligible for randomisation: consent for randomisation
Consent for randomisation once cerebral redistribution 
is identified, with UCR (as defined above) of ≥1.0 at 
32+0 to 33+6 weeks and ≥0.8 at 34+0 to 36+6 weeks. This 
consent will also include contact details and willingness 
to be contacted in the future for follow- up data collection 
(online supplemental file 3—consent for randomisation).

Women are randomly allocated to either immediate 
delivery or delayed delivery as defined below. Rando-
misation has a 1:1 allocation ratio and stratified based 
on gestational age (above or below 34 weeks) and 
centre. Randomisation is conducted on the electronic 
data capture platform (Castor EDC, Amsterdam, The 
Netherlands).

Immediate delivery
Participants in the immediate delivery arm will be 
delivered by Caesarean or induction of labour will be 
commenced within 48 hours, allowing for administration 
of corticosteroids and infusion of magnesium sulphate 
as per local protocol and guidance. Start of induction of 
labour is defined as administering cervical preparation 
(cervical balloon, prostaglandins, etc), artificial rupture 
of membranes or administration of oxytocin.

Delayed delivery
Participants in the delayed delivery arm will be moni-
tored using twice weekly Doppler and cCTG monitoring, 
or more frequently based on local clinical protocols if 
required. Umbilical artery Doppler velocities may be 
measured in this time and delivery may be based on these 
safety net criteria (see box below). We strongly recom-
mend that MCA measurements are not undertaken 
during monitoring in the delayed delivery arm. Delivery 
is indicated when short term variation (STV) is <4.5 ms 
on cCTG or there are repeated fetal heart rate deceler-
ations. Once participants reach 37+0 weeks of gestation 
the delivery plan will be based on local protocols.

Study timeline
Study setup: 0–10 months; recruitment/randomisation: 
11–36 months. Two years follow- up questionnaires 35–60 
months; analyses, writing up, reporting and dissemination: 
61–66 months. This equates to 5 and ½ years (66 months).

Study outcome measures
Primary outcome
The primary outcome for the study is a composite of fetal 
or infant death, composite measure of poor condition at 

Box 1 Delivery thresholds based on umbilical artery 
Doppler for participants in all arms of the study

Umbilical Doppler delivery thresholds.
In all arms absolute indications for delivery include:

 ► Umbilical artery Doppler with reversed end diastolic flow after entry 
into the trial, OR

 ► Umbilical artery Doppler absent end diastolic flow from 34+0 weeks.
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birth and neonatal morbidity—as defined by presence of 
any of the following:
1. Poor condition at birth

 – Apgar score at 5 min <7, umbilical artery pH <7.0 or 
umbilical vein pH <7.1.

 – Need for resuscitation with intubation, chest com-
pressions or medication.

2. Fetal death/ death before neonatal hospital discharge
3. Neonatal brain injury syndromes

 – Infants with a diagnosis consistent with hypoxic 
ischaemic encephalopathy (HIE): term and near- 
term infants only.

 – Infants with a diagnosis of intracranial haemor-
rhage, perinatal stroke, HIE, central nervous system 
infection, or kernicterus (bilirubin encephalopa-
thy): all infants.

 – Preterm white matter disease (periventricular leu-
komalacia): preterm infants only.

 – Infants with a recorded seizure confirmed by 
Electro- encephalogram (EEG).

4. Respiratory support
 – Need for mechanical support of respiration after 

admission to neonatal unit (NNU), for more than 
1 hour; includes need for continuous positive air-
ways pressure (or NIPPV; Noninvasive positive- 
pressure ventilation) or mechanical ventilation via 
endotracheal tube but excludes need for supple-
mental oxygen.

5. Cardiovascular abnormality
 – Hypotensive treatment, patent ductus arteriosus 

requiring treatment, or disseminated coagulopa-
thy.

6. Sepsis
 – Clinical sepsis with positive blood culture.
 – necrotising enterocolitis requiring surgery.

7. Retinopathy of prematurity requiring treatment (laser 
or anti Vascular Endothelial Growth Factor (VEGF) 
injections)

Secondary outcomes
For the baby
Health and developmental outcomes—assessed using 
Parent Report of Children’s Abilities- Revised (PARCA- R) 
questionnaire at 2 years corrected age and an Infant 
Health Questionnaire up to 2 years (online supplemental 
file 4—PARCA- R Questionnaire and online supplemental 
file 5—Infant Health Questionaire).

The PARCA- R18 will be completed at 24 months term- 
equivalent age, this allows derivation of the non- verbal 
cognitive scale and language development scale. Raw 
scores from the scales are standardised (by corrected 
age and gender) to a notional population mean of 100 
(SD=15) and the average of these two component scores 
will be taken as the overall composite score. Corrected 
age is used for preterm babies (born before 37 weeks) 
and represents the age of the child from the estimated 
date of delivery.

The Infant Health Questionnaire19 will be used to 
derive the following health outcomes at 6, 12, 18 and 24 
months post partum:

 ► Use of any hospital service (yes/no) and total number 
of contacts over the 2- year period.

 ► Admitted to hospital (yes/no) and total number of 
admissions over the 2- year period.
 – Planned/unplanned admissions to hospital (yes/

no) over the 2- year period.
 – Intensive care or not over the 2- year period.

 ► Attended emergency department (and not subse-
quently admitted) (yes/no) over the 2- year period.

 ► Attended Outpatients/clinic (yes/no) over the 2- year 
period.

For the mother
1. Gestational hypertension developed post study entry

 – As defined by the International Society for Study of 
Hypertension in pregnancy (ISSHP): hypertension 
(blood pressure ≥140/90 mm Hg) arising de novo 
after 20 weeks gestation in the absence of protein-
uria.

2. Pre- eclampsia developed post study entry
 – As defined by the ISSHP: blood pressure ≥140/90 mm 

Hg and significant proteinuria (protein/creatinine 
ratio of 30 mg/mmol or more).

3. Onset of labour (spontaneous, induction (method), 
prelabour caesarean section).

4. Mode of delivery (spontaneous vaginal, assisted vagi-
nal, caesarean section).

Doppler quality control
Sonographer standardisation
Each sonographer in each centre taking part in the 
trial are assessed by the local principal investigator (PI). 
Each sonographer will submit to the local PI two images: 
pseudo anonymised ultrasound images for each Doppler 
parameter (umbilical artery and MCA) each showing a 
colour Doppler image with the gate placed over the vessel, 
and the pulsed wave Doppler waveform arising from that 
image. The local PI will determine whether these images 
are satisfactory using a predefined quality control scoring 
system (online supplemental file 6—Doppler image 
scoring sheet).

Doppler ultrasound criteria
Measurements are obtained in fetuses between 32+0 and 
36+6 weeks of gestation. Umbilical artery and MCA pulsa-
tility index images are collected according to specific 
predefined objective criteria for both the colour Doppler 
images and pulsed wave Doppler.

Doppler quality control
The local PI will provide details of all sonographers 
having undergone standardisation in that centre to the 
Centre for Trials Research (CTR). The CTR will inde-
pendently request all images submitted to the local PI 
for the first five patients randomised from each unit, 
and then for up to 10% of patients thereafter, for 
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anonymised quality control assessment by the Quality 
Control Board. All images are collected as pseudo 
anonymised .jpeg images and saved electronically in a 
Doppler ultrasound sonographer standardisation file 
by the PI, with the submitting sonographer identifiable. 
Images are scored using the predefined scoring criteria. 
The CTR will manage this process and will provide 
feedback if necessary, and ensure that members of the 
TRUFFLE 2 Quality Control Board do not assess images 
from their own unit.

Participant entry
Preregistration evaluations

 ► Ultrasound scan of fetal growth between 32+0 and 
36+6 weeks of gestation, including measurement of 
MCA and umbilical artery Doppler velocities.

 ► cCTG STV analysed using Dawes- Redman criteria.

Inclusion criteria
(All criteria should be fulfilled to be eligible for 
randomisation)

 ► Women ≥18 years old.
 ► Pregnant with singleton non- anomalous fetus.
 ► Between 32+0 and 36+6 weeks of gestation.
 ► Estimated fetal weight or abdominal circumfer-

ence <10 th percentile OR decreased by 50 percentiles 
since an ultrasound scan at 18+0–32+0 weeks.

 ► Cerebral redistribution defined as UCR ≥1.0 (between 
32+0 and 33+6 weeks) or ≥0.8 (34+0 to 36+6 weeks) 
repeated within 15 minutes–24 hours.

 ► Normal STV on cCTG (4.5 msec or above).

Exclusion criteria
 ► Indication for immediate delivery required within 48 

hours.
 ► Unable to give informed consent.
 ► Preterm prelabour rupture of the membranes.
 ► Suspected placental abruption or antepartum 

haemorrhage.
 ► Presence of reversed end diastolic flow in the umbil-

ical artery.

Assessment and follow-up
Assessment of the primary outcome is at infant discharge 
from the NNU and assessment of the key secondary infant 
outcomes will use the Infant Health Questionnaire and 
PARCA- R. The Infant Health Questionnaire will be sent 
out by investigators via Castor at 6, 12, 18 and 24 months 
post partum. Neurodevelopment is assessed at 2 years age 
corrected for prematurity using the PARCA- R, also sent via 
Castor (translated into local language). The window for 
determining 2- year outcome is from 23.5 to 27.5 months 
over which range the PARCA- R has been standardised.

Endpoint is 30 months after the estimated date of 
delivery of the last participant to deliver (24 months 
follow- up with additional 6 months for data cleaning and 
additional enquiries).

Statistics and data analysis
Sample size
The trial is powered to detect if immediate delivery 
following cerebral redistribution is superior to expectant 
management following cerebral redistribution on 
this outcome. A difference in the proportion with the 
primary outcome from 15% in the delayed delivery to 
9% in the immediate delivery (from TRUFFLE 2 feasi-
bility study) demonstrates an OR of 0.56. At two- sided 
5% significance with 95% power, 780 participants per 
arm are required, giving 1560 in total. Given the imme-
diacy of this outcome, no loss to follow- up is expected. 
An important non- inferiority secondary safety outcome is 
infant neurodevelopment, which is measured by parent 
completed questionnaire at 2 years using the PARCA- R, 
as recommended in NICE Guidance,20 supplemented by 
infant health information over the intervening 2 years. 
Assuming a loss to follow- up at 2 years of 20%, 2- year 
outcomes for approximately 1248 infants are expected 
(624 per group assuming no difference in the lost to 
follow- up between the groups). The PARCA- R ques-
tionnaire provides a composite score for neurodevel-
opment with a standardised mean of 100 and SD of 15. 
With a one- sided significance level of 1%, under a non- 
inferiority hypothesis, a sample size of 624 in each group 
achieves a 98% power to detect a non- inferiority margin 
of difference in the mean PARCA- R score of no less than 
four points (0.25 of a SD). A margin of no less than three 
points can be detected with 90% power.

Main analysis
The primary analysis approach for the primary outcome of 
composite of adverse fetal/neonatal outcomes, maternal 
secondary outcomes and the Infant Health Questionnaire 
will be intention to treat with participants analysed in the 
groups to which they are assigned regardless of deviation 
from the protocol or intervention received. The PARCA- R 
will be both an intention to treat and a per protocol anal-
ysis, since the hypothesis under examination for these 
outcomes is a non- inferiority hypothesis. The per- protocol 
analysis will exclude babies of women who do not receive 
their intervention as planned. As the trial includes multiple 
centres (and will involve a reasonable number of partici-
pants randomised per centre), the analysis will be based on 
the individual participant, allowing for clustering between 
participants within centre using robust SEs. All analyses will 
additionally adjust for gestational age at inclusion (stratifi-
cation risk factor used in randomisation) as a fixed factor. 
For binary outcomes (composite of adverse fetal/neonatal 
outcomes, gestational hypertension, pre- eclampsia) a logistic 
regression model will be used to compare this outcome by 
arm and results presented as ORs and two- sided 95% CI. 
Continuous outcomes (PARCA- R, Infant Health Question-
naire) will be analysed using linear regression and results 
presented as adjusted differences in means alongside 95% 
CIs. The Infant Health Questionnaire will also be examined 
over time using a repeated measures model, and will include 
an interaction term for time (6, 12, 18 and 24 months) and 

P
rotected by copyright.

 on M
ay 5, 2022 at U

ppsala U
niversitet B

IB
S

A
M

 C
onsortia.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055543 on 15 A
pril 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Mylrea- Foley B, et al. BMJ Open 2022;12:e055543. doi:10.1136/bmjopen-2021-055543

Open access 

trial arm to investigate any divergent or convergent pattern 
in Infant Health Questionnaire. The categorical outcomes 
of mode of delivery and onset of labour will be compared 
between trial arms by fitting a multilevel ordinal regression 
model. The neonatal secondary outcome will be examined 
using the mean PARCA- R score between each trial arm 
using linear regression, and a one- sided 95% CI constructed 
to assess non- inferiority. Additional pre- specified sub- group 
analyses will be carried out to analyse the primary outcome 
in the whole cohort by those that are <10th percentile 
(vs ≥10th) and <3rd percentile (vs ≥3rd) based on different 
growth charts, maternal morbidity (yes/no) and corticoste-
roid administration (yes/no).21 22 If numbers are sufficient, 
we will also describe the intervention effect in the subgroups 
<3rd percentile versus 4–10th vs >10th percentile but will not 
statistically tested for intervention effect.

All analyses will be undertaken after database lock 
following data collection at 2 years. No interim analyses 
are planned. Missing outcome data but will be accounted 
for in sensitivity analyses using multiple imputation, 
where we will assume that outcome data are missing at 
random given the observed measurements. All planned 
analyses will be described in detail in a statistical anal-
ysis plan, which will be finalised prior to database lock. 
The reporting of findings will be in accordance with the 
Consolidated Standards of Reporting Trials guidelines for 
Randomized Controlled Trials (RCTs). Statistical analysis 
will be performed in Stata (V.16 or higher).

Data collection
Data collection and randomisation are carried out on a 
secure cloud- based electronic data capture platform (Castor 
EDC, Amsterdam, The Netherlands). Participants can only 
be identified by their recruiting centres using unique trial 
identifiers. Participant email addresses will be stored for 
sending follow- up questionnaires within an encrypted section 
of Castor only their recruiting centre has access to.

Trial monitoring
A Trial Management Group will meet monthly to review 
study progress and recruitment targets. In addition there 
will be a Trial Steering Committee and Data Monitoring 
Committee, with a majority of independent members, to 
guarantee the safety of study participants.

A clinical trial risk assessment has been developed 
by CTR at Cardiff University, to determine the inten-
sity and focus of central and on- site monitoring activity 
in the TRUFFLE 2 trial. Appropriate monitoring levels 
will be employed and are fully documented in the trial 
monitoring plan. Investigators should agree to allow 
trial related monitoring, including audits and regulatory 
inspections, by providing direct access to source data/
documents as required. Findings generated from on- site 
and central monitoring will be shared with the Sponsor, 
Chief Investigator (CI), PI and local Research & Develop-
ment (R&D) departments.

Serious adverse events (SAEs) will be reported for 
randomised participants and their infants. The reporting 

period is from the point of randomisation until discharge 
home for the mother and neonate, maternal death is to be 
reported up to 42 days after delivery. SAEs will be reported 
on the data capture platform (Castor) in accordance with the 
UK policy framework for Health and Social care research.

Patient and public involvement
Patient and public involvement (PPI) has been embedded 
throughout the development of this study.

SANDS, the Stillbirth and Neonatal Death charity in 
the UK, has been closely involved in the development and 
design of this study. SANDS is clear that there is an urgent 
need for better assessment and care of women and their 
babies in late pregnancy and are fully supportive of the 
study. They will play an integral role throughout the study 
and in publicising the study and disseminating results in 
accessible formats. The research and development lead at 
SANDS is a member of the Trial Management Group. In 
their role, they represent members of the public affected 
by stillbirth and neonatal death.

An FGR PPI panel was convened to discuss TRUFFLE 
2 study design. The purpose of the workshop was to 
ask members of the public for their views on the study, 
with specific focus on the concept of randomisation, the 
current situation for the treatment of FGR, and the scope 
of this study. The FGR panel comprised eight women who 
had experienced FGR, stillbirth or uncomplicated preg-
nancies. At the workshop the proposed study design was 
discussed. Following the workshop, the women were asked 
to complete an anonymous questionnaire relating to early 
delivery compared with monitoring the health of the baby 
in the womb and randomisation. Overall, women were 
supportive of the study, one stated ‘I believe a lot of women 
will benefit from this study’. Another stated ‘The study will 
have an impact; it will act as a ripple effect on the family and 
wider public for the better.’ Regarding randomisation, most 
women said that they would be happy to be randomised 
to either arm while acknowledging that they would need 
support, one woman stated ‘Yes, I would be randomised but 
would need the right support from the clinical staff. I would 
need to have 100% trust in my doctors’. Two women from 
this panel have agreed to be involved in the management 
of the study as independent members of the Trial Steering 
Committee. We incorporated the views and feedback of the 
PPI panel in the drafting of the patient information leaflet 
and consent forms to ensure clarity and comprehensibility.

Ethics and dissemination
This protocol was written in accordance with the Standard 
Protocol Items: Recommendations for Interventional Trials 
(SPIRIT) 2013 Statement (see online supplemental file 
7—SPIRIT Checklist). The Study Coordination Centre has 
obtained approval from the London- Riverside Research 
Ethics Committee (REC) and Health Regulatory Authority 
(HRA). The study must also receive confirmation of capacity 
and capability from each participating NHS Trust before 
accepting participants into the study or any research activity 
is carried out. The study has also been submitted to research 
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ethics committees in all participating countries, and each 
centre must confirm local ethical and hospital approval 
before starting recruitment. The study will be conducted 
in accordance with the recommendations for physicians 
involved in research on human subjects adopted by the 18th 
World Medical Assembly, Declaration of Helsinki 1964 and 
later revisions. Publication will be in line with National Insti-
tutes of Health Research (NIHR) Open Access policy.

Author affiliations
1Imperial College London, Obstetrics and Gynaecology, Queen Charlotte's & Chelsea 
Hospital London, London, UK
2Department of Obstetrics and Gynaecology, University of Nottingham, City hospital, 
Nottingham, UK
3Elizabeth Garrett Anderson Institute for Women's Health University College London, 
London, UK
4Department of Obstetrics and Fetal Medicine, University Medical Center Hamburg- 
Eppendorf, Hamburg, Germany
5University College London Hospitals NHS Foundation Trust, London, UK
6Department of Obstetrics Charite, Humboldt University of Berlin, Berlin, Germany
7Department of Obstetrics and Gynecology, University Hospital of Innsbruck, 
Innsbruck, Austria
8Department of Women’s and Children’s Health, Uppsala University, Uppsala, 
Sweden
9Fetal Medicine Unit, St George's University Hospitals NHS Foundation Trust, 
London, UK
10Department of Obstetrics Amsterdam, Vrije Universiteit Amsterdam, Noord- 
Holland, Netherlands
11Department of Obstetrics and Fetomaternal Medicine, Medical University of 
Vienna, Vienna, Austria
12Fetal medicine Unit, Leeds Teaching Hospitals NHS Trust, Leeds, UK
13Department of Obstetrics and Gynecology, Lund Skanes universitetssjukhus Lund, 
Skåne, Sweden
14Department of Obstetrics and Gynaecology, Charles University, Praha, Czech 
Republic
15Department of Obstetrics & Gynaecology, General University Hospital and First 
Faculty of Medicine, Charles University, Prague, Czech Republic
16Centre for Trials Research, Cardiff University, Cardiff, UK
17Department of Obstetrics and Gynecology, Vittore Buzzi Hospital, University of 
Milan, Milan, Italy
18Medicine and Surgery, University of Parma, Parma, Italy
19St Olav’s Hospital, Trondheim, Norway
20Unit of Fetal Medicine and Prenatal Diagnosis, RCCS materno infantile Burlo 
Garofolo Dipartimento di Pediatria, Trieste, Italy
21Department of Clinical Sciences and Community Health, Fondazione IRCCS Ca' 
Granda Ospedale Maggiore Policlinico, Milano, ltaly
22Department of Obstetrics & Gynecology, University of Parma, Parma, Italy
23Department of Obstetrics and Gynecology, Medical University of Graz, Graz, 
Austria
24Department of Obstetrics and Gynecology, Hospital Oost- Limburg, Genk, Belgium
25Obstetrics & Gynaecology, East Suffolk and North Essex NHS Foundation Trust, 
Colchester Hospital, Colchester, UK
26Obstetrics and Gynecology, Hannover Medical School, Hannover, Germany
27National Medical Research Center for Obstetrics, Gynecology & Perinatology, 
Moscow, Russia
28Division of Obstetrics and Maternal Fetal Medicine, Medical University of Graz, 
Graz, Austria
29Institute for Care of Mother and Child, Prague, Czech Republic
30Division of Obstetrics and Gynecology, Department of Clinical Science, 
Intervention & Technology (CLINTEC), Karolinska Institutet, Stockholm, Sweden
31Department of Obstetrics and Gynecology, Klinikum rechts der Isar, Technical 
University of Munich, Munich, Germany
32Obstetrics and Gynaecology, Faculty of Medicine, Lunds Universitet, Lund, Sweden
33Department of Neurosciences, Reproductive and Dentistry Sciences, Federico II 
University Hospital, Napoli, Italy
34High Risk Pregnancy Unit, University Hospital Careggi, Firenze, Italy

35Department of Obstetrics, Children's and Women's Health, St Olavs Hospital 
University Hospital, Trondheim, Norway
36Molecular & Clinical Sciences Research Institute, St George’s, University of 
London, London, UK
37Department of Obstetrics and Gynaecology, Università degli Studi di Brescia, 
Brescia, Italy
38Department of Obstetrics and Gynaecology, University of Bern, Bern, Switzerland
39Department of Obstetrics and Gynaecology, Stavanger University Hospital, 
Stavanger, Norway
40Department of Gynecology and Obstetrics, Katholieke Universiteit Leuven, Leuven, 
Belgium
41Vivantes Network for Health, Clinicum Neukoelln, Clinic for Obstetric Medicine, 
Berlin, Germany
42Klinik für Geburtsmedizin, Universitätsklinikum Jena, Jena, Germany
43Division of Obstetrics and Gynaecology Policlinico Casilino, Roma, Italy
44Department of Obstetrics, University Medical Center, Utrecht University, Utrecht, 
The Netherlands
45Obstetrics And Gynaecology, Princess Alexandra Hospital NHS Trust, Harlow, UK
46Department of Obstetrics and Gynaecology, Amsterdam University Medical 
Centres, Amsterdam, The Netherlands

Twitter Bronacha Mylrea- Foley @BronachaMF, Elena Cesari @CTRCardiffUni, 
Christoph C Lees @Christoph_Lees and TRUFFLE 2 Collaborators List @TruffleStudy

Collaborators TRUFFLE 2 Investigators Group: Abin Thomas (Centre for Trials 
Research, Cardiff University, UK), Andrea Smith (Imperial College London, UK), 
Andrew Sharp (Harris- Wellbeing Preterm Birth Centre, University of Liverpool, UK), 
Andy Simm (Department of Diabetes and Endocrinology, Nottingham City Hospital, 
Nottingham, UK), Angela Ramoni (Department of Obstetrics and Gynecology, 
Medical University of Innsbruck, Austria), Barry Lloyd(Centre for Trials Research, 
Cardiff University, UK), Bianca Masturzo (Città della Salute e della Scienza, Turin, 
Italy), Christine Morfeld (Diakoniekrankenhaus Henriettenstiftung, Perinatalzentrum 
Hannover, Hannover, Germany), Christoph Brezinka (University of Innsbruck, 
Austria), Christopher Lloyd (Centre for Trials Research, Cardiff University, Cardiff, 
UK), Claudia Seidig (Perinatalzentrum, Hannover, Germany), Danielle Thornton 
(Imperial College London, Obstetrics and Gynaecology, Queen Charlotte's & Chelsea 
Hospital, London, UK), Elena Mantovani (Sezione di Ostetricia e Ginecologia, 
Dipartimento di Scienze della Vita e della Riproduzione, Università degli Studi di 
Verona, Verona, Italy), Emanuela Taricco (Department of Woman, Mother and Child, 
Buzzi Hospital, University of Milan, Italy), Emma Bertucci (Department of Medical 
and Surgical Sciences for Mothers, Children and Adults, University of Modena and 
Reggio Emilia, Azienda Ospedaliero Universitaria Policlinico, Modena, Italy, Erich 
Cosmi (Department of Woman' and Child's Health, University of Padova, Italy), 
Ferenc Macsali (Department of Obstetrics and Gynecology, Haukeland University 
Hospital, Bergen, Norway), Francesca Ferrari (Obstetrics & Gynecology, Policlinico 
University Hospital of Modena, Modena, Italy), Francesco D'Antonio (Centre for High 
Risk Pregnancy and Fetal Care, University of Chieti, Department of Obstetrics and 
Gynaecology, Chieti, Italy), Giuseppe Cali (Department of Obstetrics and Gynecology, 
Azienda Ospedaliera Villa Sofia Cervello, Palermo, Italy), Giuseppe Rizzo (Division 
of Maternal Fetal Medicine, Università di Roma Tor Vergata, Ospedale Cristo Re 
Roma, Rome, Italy), Ilaria Giuditta Ramezzana (Gynaecology and Obstetrics Unit, 
Department of Women's and Children's Health, Fondazione Ospedale Maggiore, 
Via Francesco Sforza 35, Milan 20122, Italy), Ioannis Kyvernitakis (Asklepios 
Hospital Barmbek, Hamburg, Germany), Karen Melchiorre (Department of 
Obstetrics and Gynecology, Spirito Santo Hospital of Pescara, Pescara, Italy), 
Kristiina Rull (Department of Obstetrics and Gynaecology, University of Tartu, Tartu, 
Estonia), Laura Sarno (Department of Neurosciences, Reproductive and Dentistry 
Sciences, University of Naples ‘Federico II’, Naples, Italy), Ligita Jokubkiene 
(Mälmo Department of Obstetrics and Gynecology, Skåne University Hospital, Lund 
University, Mälmo, Sweden), Liina Rajasalu (East Tallinn Central Hospital, Tallinn, 
Estonia), Louisa Jones (Imperial College London, Obstetrics and Gynaecology, 
Queen Charlotte's & Chelsea Hospital, London, London, UK), Makrina Savvidou 
(Chelsea and Westminster Hospital, Imperial College London, London, UK), Maria 
Stefopoulou (Center for Fetal Medicine Karolinska, University Hospital, Stockholm, 
Sweden), Mark Kilby (Birmingham Women's and Children's Hospital, Birmingham, 
UK), Nicola Fratelli (Department of Obstetrics and Gynecology, ASST Spedali Civili 
di Brescia and University of Brescia, Brescia, Italy), Nishigandh Deole (Obstetrics & 
Gynaecology, East Suffolk and North Essex NHS Foundation Trust, Ipswich Hospital, 
UK), Petra Pateisky (Department of Obstetrics and Gynecology, Division of Obstetrics 
and Feto- Maternal Medicine, Medical University of Vienna, Vienna, Austria), Pilar 
Palmrich (Department of Obstetrics and Gynecology, Division of Obstetrics and 

P
rotected by copyright.

 on M
ay 5, 2022 at U

ppsala U
niversitet B

IB
S

A
M

 C
onsortia.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055543 on 15 A
pril 2022. D

ow
nloaded from

 

https://twitter.com/BronachaMF
https://twitter.com/CTRCardiffUni
https://twitter.com/Christoph_Lees
https://twitter.com/TruffleStudy
http://bmjopen.bmj.com/


8 Mylrea- Foley B, et al. BMJ Open 2022;12:e055543. doi:10.1136/bmjopen-2021-055543

Open access 

Feto- Maternal Medicine, Comprehensive Center for Pediatrics, Medical University 
of Vienna, Vienna, Austria), Ralf Schild (Diakoniekrankenhaus Henriettenstiftung, 
Perinatalzentrum Hannover, Hannover, Germany), Roland Devlieger (Department 
of Obstetrics and Gynaecology, University Hospitals Leuven, Leuven, Belgium), 
Sabina Ondrová (Department for Mother and Child Care, Third Faculty of Medicine, 
Charles University, Prague, Czech Republic), Sanne Gordijn (Department of 
Obstetrics and Gynecology, University Medical Center Groningen, University of 
Groningen, Groningen, The Netherlands), Sarah Gumpert (Klinik für Geburtshilfe 
und Pränatalmedizin, Universitätsklinikum Eppendorf, Hamburg, Germany), Serena 
Simeone (Department of Sciences for the Health of Women and Children, Azienda 
Ospedaliera Universitaria Careggi, Florence, Italy), Silvia Salvi (UOC di Patologia 
Ostetrica, Dipartimento Scienze della Salute della Donna, del Bambino e di Sanità 
Pubblica, Fondazione Policlinico Universitario A. Gemelli IRCCS, Roma, Italy), Silvia 
Visentin (Department of Woman and Child's Health, University of Padova, Padova, 
Italy), Sofia Amylidi- Mohr (Department of Obstetrics and Gynecology, Inselspital, 
University of Bern, Bern, Switzerland), Stefan Verlohren (Department of Obstetrics, 
Charité - Universitätsmedizin, Berlin, Germany), Tanja Groten (Department of 
Obstetrics, University Hospital Jena, Jena, Germany), Tatjana Radaelli (Department 
of Obstetrics and Gynecology, Fondazione IRCCS Ca' Granda Ospedale Maggiore 
Policlinico, Milan, Italy), Tinne Mesens (Faculty of Medicine and Life Sciences, 
Hasselt University, Hasselt, Belgium), Tiziana Fanelli (Fetal Medicine Unit, Di Venere 
and Sarcone Hospitals, ASL, BA, Bari, Italy), Wessel Ganzevoort (Department of 
Obstetrics and Gynecology, Academic Medical Center, University of Amsterdam, 
Amsterdam, The Netherlands), Yvonne Heiman (Department of Obstetrics, Jena 
University Hospital, Jena, Germany), Zulfiya Khodzhaeva (National Medical Research 
Center for Obstetrics, Gynecology and Perinatology Named After Academician V.I. 
Kulakov of Ministry of Healthcare of Russian Federation, 117997, Moscow, Russia).

Contributors BM- F drafted and revised the protocol. BA, ABe, EB, ABh, CB, 
ACB, JB, PC, EC, IC, AD'A, CE, EF, TF, WG, KH, PK, LK, PL, SL, NM, KMa, GMM, FM, 
KMy, RN, FP, LR, JR, RKS, TS, JT, HV, GV and LW contributed intellectually to the 
development of the protocol and revised the draft protocol. EM, JG, CP and JT 
revised the draft protocol. RC- J wrote the statistical analysis plan. HW designed 
the data collection database, wrote the statistical analysis plan, contributed 
intellectually to the development of the protocol and revised the draft protocol. 
CCL initiated the collaborative project, led the development of the protocol and 
revised the draft protocol. All authors approved the final version for publication. All 
members of the TRUFFLE 2 Investigator Group collaborated on the study.

 Methodology

Funding This research was funded by the National Institute for Health Research 
(NIHR) (127976). CCL is supported by the NIHR Biomedical Research Centre (BRC) 
based at Imperial College Healthcare NHS Trust and Imperial College London. 
BM- F was supported by a Fellowship Grant from Imperial Health Charity and NIHR 
Imperial BRC (RFRFPrD1920/104).

Disclaimer The views expressed are those of the author(s) and not necessarily 
those of the NHS, the NIHR or the Department of Health and Social Care.

Competing interests All authors have completed the ICMJE uniform disclosure 
form at www.icmje.org/coi_disclosure.pdf and declare: no financial relationships 
with any organisations that might have an interest in the submitted work in the 
previous 3 years; no other relationships or activities that could appear to have 
influenced the submitted work.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; peer reviewed for ethical and 
funding approval prior to submission.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iDs
Bronacha Mylrea- Foley http://orcid.org/0000-0002-4560-1681
Jim G Thornton http://orcid.org/0000-0001-9764-6876
Irene Cetin http://orcid.org/0000-0002-9217-3034
Andrea Dall'Asta http://orcid.org/0000-0001-7201-0206
Claire Potter http://orcid.org/0000-0003-0831-3514
Christoph C Lees http://orcid.org/0000-0002-2104-5561

REFERENCES
 1 Baschat AA. Planning management and delivery of the growth- 

restricted fetus. Best Pract Res Clin Obstet Gynaecol 2018;49:53–65.
 2 Malhotra A, Ditchfield M, Fahey MC, et al. Detection and assessment 

of brain injury in the growth- restricted fetus and neonate. Pediatr Res 
2017;82:184–93.

 3 NICE. Antenatal care for uncomplicated pregnancies. Guidance, 2019.
 4 RCOG. Small- for- gestational- age fetus, investigation and 

management (green- top guideline no. 31), 2013.
 5 Meher S, Hernandez- Andrade E, Basheer SN, et al. Impact of 

cerebral redistribution on neurodevelopmental outcome in small- for- 
gestational- age or growth- restricted babies: a systematic review. 
Ultrasound Obstet Gynecol 2015;46:398–404.

 6 Khalil A, Morales- Roselló J, Townsend R, et al. Value of third- trimester 
cerebroplacental ratio and uterine artery doppler indices as predictors of 
stillbirth and perinatal loss. Ultrasound Obstet Gynecol 2016;47:74–80.

 7 Akolekar R, Syngelaki A, Gallo DM, et al. Umbilical and fetal middle 
cerebral artery doppler at 35- 37 weeks' gestation in the prediction of 
adverse perinatal outcome. Ultrasound Obstet Gynecol 2015;46:82–92.

 8 Sovio U, White IR, Dacey A, et al. Screening for fetal growth 
restriction with universal third trimester ultrasonography in 
nulliparous women in the pregnancy outcome prediction (POP) 
study: a prospective cohort study. Lancet 2015;386:2089–97.

 9 Gordijn SJ, Beune IM, Thilaganathan B, et al. Consensus definition 
of fetal growth restriction: a Delphi procedure. Ultrasound Obstet 
Gynecol 2016;48:333–9.

 10 Bond DM, Gordon A, Hyett J, et al. Planned early delivery versus 
expectant management of the term suspected compromised 
baby for improving outcomes. Cochrane Database Syst Rev 
2015;2015:CD009433.

 11 Boers KE, Vijgen SMC, Bijlenga D. Induction versus expectant 
monitoring for intrauterine growth restriction at term: randomised 
equivalence trial (DIGITAT). BMJ 2011;342:35.

 12 Thornton JG, Hornbuckle J, Vail A, et al. Infant wellbeing at 2 years 
of age in the growth restriction intervention trial (GRIT): multicentred 
randomised controlled trial. Lancet 2004;364:513–20.

 13 Lees CC, Marlow N, van Wassenaer- Leemhuis A, et al. 2 year 
neurodevelopmental and intermediate perinatal outcomes in infants 
with very preterm fetal growth restriction (TRUFFLE): a randomised 
trial. Lancet 2015;385:2162–72.

 14 Martins JG, Biggio JR, Abuhamad A. Society for maternal- fetal 
medicine consult series #52: diagnosis and management of fetal 
growth restriction. Am J Obstet Gynecol 2020;223:B2–17.

 15 Lees CC, Stampalija T, Baschat A, et al. ISUOG practice guidelines: 
diagnosis and management of small- for- gestational- age fetus and 
fetal growth restriction. Ultrasound Obstet Gynecol 2020;56:298–312.

 16 Mylrea- Foley B, Bhide A, Mullins E, et al. Building consensus: 
thresholds for delivery in TRUFFLE- 2 randomized intervention study. 
Ultrasound Obstet Gynecol 2020;56:285–7.

 17 Stampalija T, Thornton J, Marlow N, et al. Fetal cerebral doppler changes 
and outcome in late preterm fetal growth restriction: prospective cohort 
study. Ultrasound Obstet Gynecol 2020;56:173–81.

 18 Johnson S, Bountziouka V, Brocklehurst P, et al. Standardisation of 
the parent report of children's abilities- revised (PARCA- R): a norm- 
referenced assessment of cognitive and language development at 
age 2 years. Lancet Child Adolesc Health 2019;3:705–12.

 19 Chappell LC, Brocklehurst P, Green ME, et al. Planned early delivery 
or expectant management for late preterm pre- eclampsia (Phoenix): 
a randomised controlled trial. Lancet 2019;394:1181–90.

 20 NICE. Developmental follow- up of children and young people born 
preterm. Quality standards, 2018.

 21 Papageorghiou AT, Ohuma EO, Altman DG, et al. International 
standards for fetal growth based on serial ultrasound measurements: 
the fetal growth longitudinal study of the INTERGROWTH- 21st 
project. Lancet 2014;384:869–79.

 22 Kiserud T, Piaggio G, Carroli G. The world health organization fetal 
growth charts : a multinational longitudinal study of ultrasound biometric 
measurements and estimated fetal weight. PLos Med 2017.

P
rotected by copyright.

 on M
ay 5, 2022 at U

ppsala U
niversitet B

IB
S

A
M

 C
onsortia.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055543 on 15 A
pril 2022. D

ow
nloaded from

 

www.icmje.org/coi_disclosure.pdf%20and%20declare
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4560-1681
http://orcid.org/0000-0001-9764-6876
http://orcid.org/0000-0002-9217-3034
http://orcid.org/0000-0001-7201-0206
http://orcid.org/0000-0003-0831-3514
http://orcid.org/0000-0002-2104-5561
http://dx.doi.org/10.1016/j.bpobgyn.2018.02.009
http://dx.doi.org/10.1038/pr.2017.37
http://dx.doi.org/10.1002/uog.14818
http://dx.doi.org/10.1002/uog.15729
http://dx.doi.org/10.1002/uog.14842
http://dx.doi.org/10.1016/S0140-6736(15)00131-2
http://dx.doi.org/10.1002/uog.15884
http://dx.doi.org/10.1002/uog.15884
http://dx.doi.org/10.1002/14651858.CD009433.pub2
http://dx.doi.org/10.1136/bmj.c7087
http://dx.doi.org/10.1016/S0140-6736(04)16809-8
http://dx.doi.org/10.1016/S0140-6736(14)62049-3
http://dx.doi.org/10.1016/j.ajog.2020.05.010
http://dx.doi.org/10.1002/uog.22134
http://dx.doi.org/10.1002/uog.22124
http://dx.doi.org/10.1002/uog.22125
http://dx.doi.org/10.1016/S2352-4642(19)30189-0
http://dx.doi.org/10.1016/S0140-6736(19)31963-4
http://dx.doi.org/10.1016/S0140-6736(14)61490-2
http://dx.doi.org/10.1371/journal.pmed.1002220
http://bmjopen.bmj.com/

	Perinatal and 2-year neurodevelopmental outcome in late preterm fetal compromise: the TRUFFLE 2 randomised trial protocol
	Abstract
	Introduction
	Methods and analysis
	Study design
	Pre-eligible: consent for observational data collection
	Eligible for randomisation: consent for randomisation
	Immediate delivery
	Delayed delivery

	Study timeline
	Study outcome measures
	Primary outcome
	Secondary outcomes
	For the baby
	For the mother


	Doppler quality control
	Sonographer standardisation
	Doppler ultrasound criteria
	Doppler quality control

	Participant entry
	Preregistration evaluations
	Inclusion criteria
	Exclusion criteria

	Assessment and follow-up
	Statistics and data analysis
	Sample size
	Main analysis

	Data collection
	Trial monitoring
	Patient and public involvement
	Ethics and dissemination

	References


