
 

 

 University of Groningen

Longitudinal Doppler Assessments in Late Preterm Fetal Growth Restriction
TRUFFLE-2 Group; Mylrea-Foley, Bronacha; Wolf, Hans; Stampalija, Tamara; Lees,
Christoph; Arabin, B.; Berger, A.; Bergman, E.; Bhide, A.; Bilardo, C. M.
Published in:
Ultraschall in der Medizin

DOI:
10.1055/a-1511-8293

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
TRUFFLE-2 Group, Mylrea-Foley, B., Wolf, H., Stampalija, T., Lees, C., Arabin, B., Berger, A., Bergman,
E., Bhide, A., Bilardo, C. M., Breeze, A. C., Brodszki, J., Calda, P., Cetin, I., Cesari, E., Derks, J., Ebbing,
C., Ferrazzi, E., Ganzevoort, W., ... Wee, L. (2023). Longitudinal Doppler Assessments in Late Preterm
Fetal Growth Restriction. Ultraschall in der Medizin , 44(1), 56-67. https://doi.org/10.1055/a-1511-8293

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 29-04-2023

https://doi.org/10.1055/a-1511-8293
https://research.rug.nl/en/publications/31dbb1ec-6f71-47e3-8811-c44919040b8e
https://doi.org/10.1055/a-1511-8293


Longitudinal Doppler Assessments in Late Preterm Fetal Growth
Restriction

Longitudinale Doppler-Bewertungen bei später fetaler
Wachstumsrestriktion

Authors

Bronacha Mylrea-Foley1, 2, Hans Wolf3*, Tamara Stampalija4, 5, Christoph Lees1, 2, 33*, On behalf of the Truffle-2 Group

TRUFFLE 2 Authors:

B. Arabin6, A. Berger7, E. Bergman8, A. Bhide9, C. M. Bilardo10, A. C. Breeze11, J. Brodszki12, P. Calda13, I. Cetin14, E. Cesari14,

J. Derks15, C. Ebbing16, E. Ferrazzi17, W. Ganzevoort3, T. Frusca18, S. J. Gordijn19, W. Gyselaers20, K. Hecher21, P. Klaritsch22,

L. Krofta23, P. Lindgren24, S. M. Lobmaier25, N. Marlow26, G. M. Maruotti27, F. Mecacci28, K. Myklestad29, R. Napolitano26, 30,

F. Prefumo31, L. Raio32, J. Richter33, R. K. Sande34, J. Thornton35, H. Valensise36, G. H. A. Visser16, L. Wee37

TRUFFLE-2 GROUP AND COLLABORATING AUTHORS

C. Brezinka, Department of Obstetrics and Gynecology, Medical University of Innsbruck, Innsbruck, Austria,

D. Casagrandi, University College London Hospitals NHS Foundation Trust, London, UK, A. Cerny, Department of Obste-

trics and Gynaecology, GeneralUniversity Hospital and First Faculty of Medicine, Charles University, Prague, Czech

Republic, A. Dall’Asta, Department of Obstetrics and Gynecology, University of Parma, Parma, Italy, R. DeVlieger,

Department of Gynecology and Obstetrics, UZ Leuven, Leuven and Department of Regeneration and Development, KU

Leuven, Leuven, Belgium, J. Duvekot, Department of Obstetrics and Gynecology, Erasmus Academic Centre Rotterdam,

Rotterdam, The Netherlands, T. M. Eggebo, St Olav’s Hospital, Trondheim, Norway, I. Fantasia, Unit of Fetal Medicine and

Prenatal Diagnosis, Institute for Maternal and Child Health, IRCCS Burlo Garofolo, Trieste, Italy, F. Ferrari, Obstetrics &

Gynecology, Policlinico University Hospital of Modena, Modena, Italy, N. Fratelli, Department of Obstetrics and Gyneco-

logy, ASST Spedali Civili di Brescia and University of Brescia, Brescia, Italy, T. Ghi, Department of Obstetrics and Gyneco-

logy, University of Parma, Parma, Italy, O. Graupner, Department of Obstetrics and Gynecology, Klinikum Rechts Der Isar,

Technical University of Munich, Munich, Germany, P. Greimel, Department of Obstetrics and Gynecology, Medical Uni-

versity of Graz, Graz, Austria, C. Hofstaetter, Department of Obstetrics & Gynecology, University Hospital of Bern, Bern,

Switzerland, D. Lo Presti, Department of Surgery, Division of Obstetrics and Gynecology, Tor Vergata University, Policli-

nico Casilino Hospital, Rome, Italy, M. Georg, Helsinki University Central Hospital, Helsinki, Finland, F. Macsali, Depart-

ment of Obstetrics and Gynecology, Haukeland University Hospital, Bergen, Norway, K. Marsal, Department of Obstetrics

and Gynecology, Lund University, Skåne University Hospital, Lund, Sweden, P. Martinelli, Department of Neurosciences,

Reproductive and Dentistry Sciences, University of Naples ‘Federico II’, Naples, Italy, E. Ostermayer, Department of Ob-

stetrics and Gynecology, Klinikum Rechts Der Isar, Technical University of Munich, Munich, Germany, A. Papageorghiou,

Fetal Medicine Unit, St George’s University Hospitals NHS Foundation Trust and Molecular & Clinical Sciences Research

Institute, St George’s, University of London, London, UK, R. Peasley, Fetal Medicine Unit, University College London Hos-

pitals NHS Foundation Trust, London, UK, A. Ramoni, Department of Obstetrics and Gynecology, Medical University of

Innsbruck, Innsbruck, Austria, L. Sarno, Department of Neurosciences, Reproductive and Dentistry Sciences, University of

Naples ‘Federico II’, Naples, Italy, L. Seikku, Helsinki University Central Hospital, Helsinki, Finland, S. Simeone, Depart-

ment of Health Sciences, University of Florence, Obstetrics and Gynecology, Careggi University Hospital, Florence, Italy,

B. Thilaganathan, Fetal Medicine Unit, St George’s University Hospitals NHS Foundation Trust and Molecular & Clinical

Sciences Research Institute, St George’s, University of London, London, UK, G. Tiralongo, Department of Surgery, Division

of Obstetrics and Gynecology, Tor Vergata University, Policlinico Casilino Hospital, Rome, Italy, A. Valcamonico, Depart-

ment of Obstetrics and Gynecology, ASST Spedali Civili di Brescia and University of Brescia, Brescia, Italy, C. Van Holsbeke,

Department of Obstetrics & Gynaecology, Ziekenhuis Oost-Limburg, Genk, Belgium, A. Vietheer, Department of Obste-

trics and Gynecology, Haukeland University Hospital, Bergen, Norway

* joint corresponding authors & guarantors

Original Article

. Longitudinal Doppler Assessments… Ultraschall in Med | © 2021. Thieme. All rights reserved.

D
ow

nl
oa

de
d 

by
: R

ijk
su

ni
ve

rs
ite

it 
G

ro
ni

ng
en

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.

Published online: 2021-11-12



Affiliations

1 Institute for Reproductive and Developmental Biology,

Department of Metabolism, Digestion and Reproduction,

Imperial College London, UK

2 Queen Charlotteʼs and Chelsea Hospital, Imperial College

Healthcare NHS Trust, London W12 0HS

3 Department of Obstetrics and Gynecology, Amsterdam

University Medical Center (Location AMC), University of

Amsterdam, Amsterdam, The Netherlands

4 Unit of Fetal Medicine and Prenatal Diagnosis, Institute for

Maternal and Child Health, IRCCS Burlo Garofolo, Trieste,

Italy

5 Department of Medicine, Surgery and Health Sciences,

University of Trieste, Trieste, Italy

6 Department of Obstetrics Charite, Humboldt University

Berlin and Clara Angela Foundation, Berlin, Germany

7 Department of Obstetrics and Gynecology, Medical

University of Innsbruck, Innsbruck, Austria

8 Department of Women’s and Children’s Health, Uppsala

University, Uppsala, Sweden

9 Fetal Medicine Unit, St George’s University Hospitals NHS

Foundation Trust and Molecular & Clinical Sciences Research

Institute, St George’s, University of London, London, UK

10 Department of Obstetrics and Gynecology, Amsterdam

University Medical Centers, University of Amsterdam,

location VUMC, Amsterdam, The Netherlands

11 Fetal Medicine Unit, Leeds General Infirmary, Leeds

Teaching Hospitals NHS Trust, Leeds, UK

12 Department of Pediatric Surgery and Neonatology, Lund

University, Skane University Hospital, Lund, Sweden

13 Department of Obstetrics and Gynaecology, General

University Hospital and First Faculty of Medicine, Charles

University, Prague, Czech Republic

14 Department of Obstetrics and Gynecology, Vittore Buzzi

Children’s Hospital, University of Milan, Milan, Italy

15 Department of Perinatal Medicine, University of Utrecht,

Utrecht, The Netherlands

16 Department of Obstetrics and Gynecology, Haukeland

University Hospital, Bergen, Norway

17 Department of Obstetrics and Gynecology, Fondazione

IRCCS Ca’ Granda Ospedale Maggiore Policlinico and

Department of Clinical Sciences and Community Health,

Università degli Studi di Milano, Milan, Italy

18 Department of Obstetrics and Gynecology, University of

Parma, Parma, Italy

19 Department of Obstetrics and Gynaecology, University

Medical Center Groningen, University of Groningen,

Groningen, The Netherlands

20 Faculty of Medicine and Life Sciences, Hasselt University,

Agoralaan, Diepenbeek, Belgium, Department of

Obstetrics & Gynaecology, Ziekenhuis Oost-Limburg, Genk

and Department Physiology, Hasselt University,

Diepenbeek, Belgium

21 Department of Obstetrics and Fetal Medicine, University

Medical Centre Hamburg-Eppendorf, Hamburg, Germany

22 Department of Obstetrics and Gynecology, Medical

University of Graz, Graz, Austria

23 Institute for the Care of Mother and Child, Prague, Czech

Republic and Third Medical Faculty, Charles University,

Prague, Czech Republic

24 Center for Fetal Medicine, Karolinska University Hospital,

Stockholm, Sweden

25 Department of Obstetrics and Gynecology, Klinikum Rechts

Der Isar, Technical University of Munich, Munich, Germany

26 UCL Elizabeth Garrett Anderson Institute for Women’s

Health, University College London, London, UK

27 Department of Neurosciences, Reproductive and Dentistry

Sciences, University of Naples ‘Federico II’, Naples, Italy

28 Department of Health Sciences, University of Florence,

Obstetrics and Gynecology, Careggi University Hospital,

Florence, Italy

29 St Olav’s Hospital, Trondheim, Norway

30 Fetal Medicine Unit, University College London Hospitals

NHS Foundation Trust, London, UK

31 Department of Obstetrics and Gynecology, ASST Spedali

Civili di Brescia and University of Brescia, Brescia, Italy

32 Department of Obstetrics & Gynecology, University

Hospital of Bern, Bern, Switzerland

33 Department of Gynecology and Obstetrics, UZ Leuven and

Department of Regeneration and Development, KU

Leuven, Leuven, Belgium

34 Department of Obstetrics and Gynecology, Stavanger

University Hospital, Stavanger and Department of Clinical

Science, University of Bergen, Bergen, Norway

35 School of Clinical Sciences, University of Nottingham,

Division of Obstetrics and Gynaecology, Maternity

Department, City Hospital, Nottingham, UK

36 Department of Surgery, Division of Obstetrics and

Gynecology, Tor Vergata, University, Policlinico Casilino

Hospital, Rome, Italy

37 The Princess Alexandra Hospital NHS Trust, Harlow, UK

Key words

late fetal growth restriction, Doppler, middle cerebral artery,

brain sparing, adverse outcome

received 23.02.2021

accepted 05.05.2021

published online 2021

Bibliography

Ultraschall in Med

DOI 10.1055/a-1511-8293

ISSN 0172-4614

© 2021. Thieme. All rights reserved.

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Correspondence

Dr. Christoph Lees

Institute for Reproductive and Developmental Biology,

Department of Metabolism, Digestion and Reproduction,

Imperial College London, UK

Tel.: +44/20/75 94 21 04

christoph.lees@nhs.net

. Longitudinal Doppler Assessments… Ultraschall in Med | © 2021. Thieme. All rights reserved.

Original Article

D
ow

nl
oa

de
d 

by
: R

ijk
su

ni
ve

rs
ite

it 
G

ro
ni

ng
en

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.

https://doi.org/10.1055/a-1511-8293


ABSTRACT

Purpose To assess the longitudinal variation of the ratio of

umbilical and cerebral artery pulsatility index (UCR) in late

preterm fetal growth restriction (FGR).

Materials and Methods A prospective European multicenter

observational study included women with a singleton preg-

nancy, 32+ 0–36+ 6, at risk of FGR (estimated fetal weight

[EFW] or abdominal circumference [AC] < 10th percentile,

abnormal arterial Doppler or fall in AC from 20-week scan of

> 40 percentile points). The primary outcome was a compo-

site of abnormal condition at birth or major neonatal morbid-

ity. UCR was categorized as normal (< 0.9) or abnormal

(≥ 0.9). UCR was assessed by gestational age at measurement

interval to delivery, and by individual linear regression coeffi-

cient in women with two or more measurements.

Results 856 women had 2770 measurements; 696 (81 %)

had more than one measurement (median 3 (IQR 2–4). At in-

clusion, 63 (7 %) a UCR ≥ 0.9. These delivered earlier and had a

lower birth weight and higher incidence of adverse outcome

(30 % vs. 9 %, relative risk 3.2; 95 %CI 2.1–5.0) than women

with a normal UCR at inclusion. Repeated measurements after

an abnormal UCR at inclusion were abnormal again in 67 %

(95%CI 55–80), but after a normal UCR the chance of finding

an abnormal UCR was 6% (95%CI 5–7%). The risk of compo-

site adverse outcome was similar using the first or subsequent

UCR values.

Conclusion An abnormal UCR is likely to be abnormal again

at a later measurement, while after a normal UCR the chance

of an abnormal UCR is 5–7% when repeated weekly. Repeated

measurements do not predict outcome better than the first

measurement, most likely due to the most compromised fetu-

ses being delivered after an abnormal UCR.

ZUSAMMENFASSUNG

Ziel Beurteilung der longitudinalen Variation der umbiliko-

zerebralen Ratio (UCR) der Pulsatilitätsindizes bei später feta-

ler Wachstumsrestriktion (FGR).

Material und Methoden Eine prospektive europäische

multizentrische Beobachtungsstudie schloss Frauen mit

Einlingsschwangerschaft (32+ 0–36+6) und Risiko für FGR ein

(geschätztes fetales Gewicht (EFW) oder Abdomenumfang

(AU) < 10. Perzentile, abnormaler arterieller Doppler oder Ab-

sinken der AU-Perzentile um > 40 Punkte im US in der 20.

SSW). Der primäre Outcome war kombiniert aus auffälligen

Geburtsparametern oder schwerer neonataler Morbidität.

Die UCR wurde als normal (< 0,9) oder abnormal (≥ 0,9) ein-

gestuft. Die UCR wurde im Messintervall bis zur Entbindung

mittels SSW und mittels individuellen linearen Regressions-

koeffizienten bei Frauen mit 2 oder mehr Messungen

bewertet.

Ergebnisse 856 Frauen hatten 2770 Messungen; 696 (81%)

hatten mehr als eine Messung (Median 3, IQR 2–4). Bei Ein-

schluss hatten 63 (7 %) eine UCR ≥ 0,9. Diese entbanden

früher und hatten ein niedrigeres Geburtsgewicht und eine

höhere Inzidenz für einen unerwünschten Outcome (30% vs.

9 %, relatives Risiko 3,2; 95 %-KI 2,1–5,0) im Vergleich zu

Frauen mit normaler UCR bei Einschluss. Wiederholte Mes-

sungen nach abnormaler UCR bei Einschluss waren in 67 %

(95%-KI 55–80) erneut abnormal, aber nach einer normalen

UCR betrug die Wahrscheinlichkeit, eine abnormale UCR zu

finden, 6 % (95%-KI 5–7%). Das Risiko für einen kombinierten

unerwünschten Outcome war ähnlich, wenn man den ersten

oder den nachfolgenden UCR-Wert verwendete.

Schlussfolgerung Eine abnormale UCR ist wahrscheinlich bei

einer späteren Messung wieder abnormal, während nach ei-

ner normalen UCR die Wahrscheinlichkeit einer abnormalen

UCR bei wöchentlicher Wiederholung 5–7% beträgt. Wieder-

holte Messungen sagen das Ergebnis nicht besser voraus als

die erste Messung, was höchstwahrscheinlich darauf zurück-

zuführen ist, dass die am stärksten gefährdeten Föten nach

einer abnormalen UCR entbunden werden.

Introduction

Late preterm fetal growth restriction (FGR) is generally considered
to have only moderate risk for perinatal complications. However,
the condition is associated with lower scores in neurodevelopmen-
tal outcome and school achievement [1–3] and thus has impact on
long-term development and health. Management remains cen-
tered on optimal timing of delivery, but which monitoring param-
eters should trigger this and at what thresholds remains to be elu-
cidated. Serial ultrasound assessment with fetal biometry and
Doppler velocimetry is the usual method of follow-up, with umbili-
cal artery (UA) pulsatility index (PI) as the mainstay of FGR monitor-
ing [4], together with cardiotocography. Other Doppler measure-
ments, in particular cerebral Doppler indices, have garnered
increased interest of late. However, there is only limited evidence
from observational studies, which are generally hampered by inter-

vention bias, and no evidence from randomized controlled trials
(RCTs) to support the use of these for clinical decision making.

Various national and international recommendations for
monitoring FGR after 32 weeks have proposed strategies based on
expert opinion [5]. The recently published guidelines from the Inter-
national Society of Ultrasound in Obstetrics and Gynecology advise
twice weekly Doppler monitoring of late FGR but concede that
“there is currently no evidence as to how cerebral Doppler should
be utilized in the delivery timing of FGR” [4]. The Royal College of
Obstetricians and Gynecologists recommends the use of the middle
cerebral artery (MCA) in FGR with normal UA Doppler. However, for
late preterm it is less clear, stating that the MCA “may be a more
useful test“ with no clear guidance on its use at this time [6]. There
is insufficient knowledge to define an effective threshold for MCA to
UA ratios, cerebro-placental ratio (CPR) or umbilical-cerebral ratio
(UCR), and at which interval measurements should be repeated.
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A limited number of studies presented longitudinal data [7–13].
However, all these studies pooled measurement data, and there-
fore the data analysis became similar to a cross-sectional study.
Thus, differences in gestational age and growth restriction at entry
and delivery in the population do not allow for information on the
pattern of individual UCR values over time. The objectives of this
secondary analysis of data from a prospective multicenter European
observational feasibility study in women at risk for FGR at a
gestational age of 32–36 weeks (TRUFFLE 2) are to determine:
1. How the UCR values vary between consecutive measurements

during the observational period;
2. Whether the use of repeated longitudinal Doppler observa-

tions improves the association with adverse composite out-
come in comparison to a single measurement.

Methods

Study population

Study data were collected during the TRUFFLE 2 feasibility study, a
prospective multicenter observational study conducted between
April 1, 2017 and July 1, 2018 in 33 European perinatal centers
with fetal medicine and specialized neonatal intensive care services.
The detailed methodology of this study was described previously
[14]. In brief, women were eligible if they had a singleton pregnan-
cy at 32+0 to 36+6 weeks of gestation with a fetus considered to be
at risk for growth restriction, defined as estimated fetal weight
(EFW) or abdominal circumference (AC) < 10th percentile, an abnor-
mal arterial Doppler, or a fall in AC growth velocity from the 20-
week scan of more than 40 percentile points, and an expected
date of delivery verified by ultrasound < 20 weeks. The references
for EFW, AC, and Doppler parameters were based on local charts.
Fetuses with absent end diastolic flow in the umbilical artery (UA),
an abnormal cardiotocograph (CTG), an immediate indication for
delivery, or structural abnormalities were not eligible. Preeclampsia
was defined as hypertension and proteinuria, or hypertension and
clinical signs of preeclampsia, at any time during pregnancy [15].
The study protocol advised the use of computerized CTG or ab-
sent/reversed UA flow to decide if delivery was needed. UCR was
not specified as a criterion for delivery.

Study endpoint

The primary adverse outcome was a composite of abnormal condi-
tion at birth or major neonatal morbidity. Abnormal condition at
birth was defined as at least one of the following: Apgar score
< 7 at 5 minutes, umbilical artery pH <7.0 or vein pH < 7.1, resusci-
tation with intubation, chest compressions or medication, or still-
birth. Major neonatal morbidity was defined as at least one of the
following: neurological abnormality (intracerebral hemorrhage
grade 3 or 4, periventricular leukomalacia grade 2 or 3, encephalo-
pathy, or seizures necessitating anti-epileptic drug treatment); car-
diovascular abnormality (hypotensive treatment, ductus arteriosus
treatment, or disseminated coagulopathy); respiratory morbidity
(respiratory support for more than 1 week, or mechanical ventila-
tion, meconium aspiration, persistent pulmonary hypertension);

or sepsis (clinical sepsis with positive blood culture, necrotizing
enterocolitis [Bell’s stage 2 or greater], or meningitis).

Data analysis

The gestational age at measurement of UCR and EFW was catego-
rized to complete gestational age week. If a woman had more than
one measurement in a week, then only the last measurement was
selected. A second classification was made for complete weeks 0
to 5 before delivery, allowing only one (last) measurement/week/
woman. Box plots that show median, interquartile range (IQR),
and the 5th and 95th percentile were made for UCR by gestational
age week and by weeks before delivery to show a change over
time. The box plots were further subdivided for women who deliv-
ered before 35 weeks, at 35–37 weeks, and at 38 weeks or later.

UCR was categorized as normal (< 0.9) or abnormal (≥ 0.9),
corresponding to a CPR of 1.1, as reference charts of UCR or CPR
show very little variation in the gestational age window of 32–
37 weeks, and this threshold was most closely associated with ad-
verse birth and neonatal outcome in a previous study of TRUFFLE2
data [16]. Birth weight Multiple of the Median (MoM) and EFW
MoM were calculated using the Hadlock fetal growth chart [17].

A Cox regression analysis using gestational age at delivery as
the time axis, composite outcome as status variable, a UCR < 0.9
and ≥ 0.9 as strata, and EFW MoM and gestational age at inclusion
as covariates was made to assess if the timeline of gestational age
from inclusion to delivery differed for women with an abnormal
versus a normal UCR.

A flowchart was compiled to graphically describe the results of
a maximum of 5 consecutive measurements with UCR at each
step divided into ≥ 0.9 or < 0.9. For each measurement from the
1st to the 5th, in a logistic regression analysis, the odds ratio (OR)
for an abnormal UCR ≥ 0.9 was calculated, using gestational age
and EFW MoM at the specified measurement, and the number of
previous measurements that were either normal or abnormal. Si-
milarly, including also the UCR at the specified measurement, the
OR for an adverse composite outcome was calculated by logistic
regression analysis at each measurement node in the flowchart.

For each individual measurement series with two or more mea-
surements, a linear regression line was calculated, using UCR as the
dependent variable and gestational age at measurement in weeks
as the independent variable. A possible difference in increase of
UCR over time between adverse and normal composite outcome
groups was assessed by comparison of the median of all regression
coefficients.

Data were presented as number with percentage or median
with interquartile range (IQR). Groups were compared by Kruskal
Wallis test, Median test, or Chi Square test as appropriate. Statisti-
cal significance was calculated two-sided at p < 0.05. Logistic
regression was performed by backward procedure with the pro-
bability for removal at 0.1. Calculations were made with IBM
SPSS software (version 25; IBM Corp., New York, NY, USA).

Ethical approval

The study was observational, and practice (monitoring, delivery,
steroid administration) was based on existing local guidance. Data
were recorded and anonymized after delivery outcomes were
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obtained. In six countries (19 centers) ethical approval was required
and obtained, and participating women gave informed signed con-
sent. In the remaining five countries, this was not required.

Results

Study population

Complete delivery and outcome data were recorded for 873
women. 17 women were excluded because of the presence of
major congenital abnormalities, leaving 856 women and their
fetuses for the final cohort analysis. Demographic, obstetric, and
fetal Doppler velocimetry characteristics of the women included
in the cohort are shown in ▶ Table 1. ▶ Table 2 shows neonatal
outcome. 2770 measurements of UCR and EFW were performed
(median 3 [IQR 2–4]/woman). In 696 (81 %) women with more
than one measurement of UCR, the median interval between
measurements was 7 (IQR 5 to 10) days; 160 (19%) women had
only one measurement. At inclusion, 63 (7 %) of the women had
a UCR ≥ 0.9. These women had fetus with a lower EFW at inclu-
sion. While gestational age at study entry was similar, they deliv-
ered earlier, had neonates with a lower birth weight and with
higher incidence of composite adverse outcome (30% vs. 9%, re-
lative risk [RR] 3.2; 95 % confidence interval [CI] 2.1–5.0) than
women with a normal UCR at inclusion (▶ Table 3, first row).

Analysis by week of gestation

The profile of all UCR measurements by gestational age was hori-
zontal (linear regression coefficient 0.000; p = 0.22). At 32, 33,
and 34 weeks, the UCR was higher in women with an adverse
composite outcome compared to a normal outcome. In the
remaining epochs, the UCR was similar (data not shown). How-
ever, when these data were further specified for gestational age
at delivery < 35 weeks, 35–37 weeks and ≥ 38 weeks (▶ Fig. 1), it
became clear that these overall differences were caused by signif-
icant differences between the three gestational ages in the deliv-
ery groups, with those delivered < 35 weeks having the highest
UCR values. ▶ Fig. 1 further shows that the distribution of UCR
differs across categories of gestational age at measurement with
a slight increase over time.

Analysis by week before delivery

The UCR in the last two periods (1 and 0 weeks) before delivery
was higher than in the first two periods (5 and 4 weeks before
delivery) (p < 0.00; data not shown). ▶ Fig. 2 shows that this
was due to a significantly higher UCR in women who delivered
< 35 weeks. In women who delivered > 35 weeks, the distribution
of UCR differed across categories of weeks before delivery with a
slight increase.

Survival analysis

A Cox regression analysis using gestational age at delivery as the
time axis, composite outcome as the status variable, a UCR < 0.9
and ≥ 0.9 at inclusion as the strata, and EFW MoM and gestational
age at inclusion as covariates is shown in ▶ Fig. 3. EFW MoM (OR

0.07; 95% CI 0.03–0.17/median) and gestational age at measure-
ment (OR 0.96; 95% CI 0.92–1.00/week) contributed significantly
to the model. Delivery was approximately 2 weeks earlier after an
abnormal UCR at inclusion.

Sequential measurements of UCR

▶ Fig. 4 shows a flowchart of the first five consecutive fetal Dop-
pler measurements for normal (< 0.9) and abnormal (≥ 0.9) UCR.
The total number of women decreased at each following meas-
urement due to censoring by delivery. Repeated measurements
of UCR were fairly consistent. When previous measurements
were normal, the median chance of an abnormal value was 6 %
(IQR 5–7) at a next weekly measurement. In women with abnor-
mal UCR at first or at any subsequent measurement, the median
chance of a repeated abnormal UCR value was 67% (IQR 55–80).

▶ Table 3 shows further details of the repeated measure-
ments. The table shows for each measurement order the gesta-
tional age at measurement, the abnormal UCR rate and the num-
ber of women who delivered after this measurement. From the
63 women (7 %) who had an abnormal UCR at inclusion, 24
(38 %) delivered before a next measurement was performed.
These women had an adverse composite outcome rate of 33 %,
while this was 10 % in the remaining 136 women (p < 0.05). At
any measurement epoch, the median interval to delivery after an
abnormal UCR was approximately a week or less, which was signif-
icantly shorter compared to women who had a normal UCR, and
the birth weight MoM was significantly smaller, except in those
who delivered after the first measurement.

▶ Table 4 shows odds ratios for having an abnormal UCR at the
1st to the 5th measurement, calculated by logistic regression anal-
ysis, using gestational age at measurement, EFW MoM, and the
number of previous abnormal UCR measurements as indepen-
dent parameters. Gestational age and EFW MoM at measurement
and the number of previous abnormal UCR measurements were
the most relevant parameters on an alternating basis. However,
the predictive efficacy of the model was similar for all measure-
ment epochs, and repeated measurement data did not improve
prediction.

▶ Table 5 shows a similar analysis with composite endpoint as
the dependent variable. The results are similar to the results in
▶ Table 4 and no improvement of the prediction of adverse out-
come by repeating measurements is observed.

Individual linear regression analysis

For 696 (81%) women with more than one UCR measurement, a
regression line could be calculated for each woman. ▶ Table 6
specifies the regression coefficient for gestational age in the deliv-
ery groups (< 35w, 35–37w, and ≥ 38w), and for abnormal UCR at
inclusion, at any time thereafter, or never abnormal. Only the
group who delivered < 35 weeks and had an abnormal UCR at in-
clusion had a significantly higher weekly UCR increase (0.3; IQR
0.0–0.5) than the other groups. The lowest linear coefficient, not
significantly different from zero, was observed in women who de-
livered ≥ 38 weeks and/or never had an abnormal UCR. The UCR
regression coefficients were similar between adverse and normal
outcome.
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▶ Table 1 Demographic and obstetric characteristics of the study population.

variable women (n = 856)

maternal age 31 (28 to 35)

nulliparity 524 (61%)

body mass index (kg/m2) 22.5 (20.3 to 26.0)

smoking 68 (8%)

diabetes type 1, 2, or gestational 70 (8%)

chronic hypertension 19 (2%)

at inclusion

gestational age (weeks) 34 (33 to 35)

inclusion indication* EFW or AC < 10°pc 792 (93%)

AC growth velocity drop ≥40°pc 50 (6%)

Doppler abnormality 98 (11%)

EFW (g) 1894 (1624 to 2145)

EFW MoM 0.79 (0.73–0.83)

umbilical artery PI 1.00 (0.86–1.14)

umbilical artery PI ≥ = p95 141 (17%)

middle cerebral artery PI 1.75 (1.51–2.01)

middle cerebral artery PI < p5 91 (11%)

UCR 0.56 (0.47–0.69)

CPR 1.79 (1.45–2.14)

UCR ≥= 0.9 63 (7%)

before delivery

preeclampsia or HELLP 79 (9%)

any hypertensive disorder of pregnancy 119 (14%)

corticosteroids for fetal lung maturation (> 24 hrs. before delivery) 98 (11%)

arterial Doppler measurements – number 2770

arterial Doppler measurements – per women 3 (2 to 4)

interval inclusion to delivery (days) 27 (14 to 38)

umbilical artery PI& 0.97 (0.82–1.15)

umbilical artery PI ≥ = p95& 137 (25%)

middle cerebral artery PI& 1.42 (1.27–1.62)

middle cerebral artery PI < p5& 112 (20%)

last UCR& 0.67 (0.55–0.84)

last CPR& 1.49 (1.19–1.81)

UCR ≥= 0.9& 116 (21%)

delivery

planned CS indication 219 (26%)

fetal condition (CTG or Doppler) 155 (71%)

fetal growth/EFW 25 (11%)

maternal condition 39 (18%)
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Discussion

A first abnormal measurement of the UCR was significantly asso-
ciated with adverse composite outcome, with or without adjust-

ment for gestational age and EFW MoM at first measurement. If
the initial measurement of UCR was abnormal, there was a 67%
chance that a subsequent measurement would also be abnormal,
while this occurred in only 6 % (IQR 5–7%) of the women after a
normal UCR. This recurrence rate was similar at the first five con-
secutive measurements. Abnormal measurements are more likely
to remain or return to being abnormal, whereas the likelihood of
developing an abnormal UCR de novo is around 1 in 20 at each fol-
low-up assessment. The most likely reason for the lack of change
of UCR over time is that women with an abnormal UCR were de-
livered earlier than those with a normal UCR. Within the latter
group, 6% (IQR 5–7%) of women had an abnormal UCR, replacing
those with elevated UCR values that had been delivered. This oc-
curred equally in women with or without adverse composite out-
come. An abnormal UCR was associated with a shorter interval to
delivery and lower birth weight MoM at all measurement epochs.
However, UCR was associated with adverse outcome only in those
delivered < 35 weeks. These associations were not affected by the
number of previous abnormal or normal UCR measurements.

Analysis of longitudinal UCR data in subgroups with different
gestational age at delivery showed that those who delivered
earliest (< 34 weeks) had the highest UCR. Although we cannot
exclude delivery being triggered by an abnormal UCR, it is more
likely that the early delivery was a sign of the severity of the FGR
in these pregnancies. In this respect, gestational age at delivery
can be viewed as an independent indicator of perinatal risk (and
not as a dependent factor as it is usually considered). In FGR the
underlying pathology is insufficient oxygen and nutrient supply
to maintain normal fetal growth. The severity of the condition is
balanced by individual growth velocity and need for nutrition, ver-
sus the maximum amount that can be supplied. Fetal adaptation
is first by reduced growth. However, if malnutrition increases or
persists, fetal condition can deteriorate, ultimately resulting in
fetal death. Therefore, those with the most severe FGR need the
earliest delivery and in this way gestational age at delivery may in-
dicate the severity of FGR. Though many other factors are also
responsible, we have no methods to measure these. The param-
eters that we can measure are fetal Doppler and EFW. However,

▶ Table 1 (Continuation)

variable women (n = 856)

induction of labor indication 369 (43%)

fetal condition (CTG or Doppler) 112 (30%)

fetal growth/EFW 213 (58%)

maternal condition 44 (12%)

spontaneous onset of labor 268 (31%)

cesarean section after onset of labor 117 (18%)

Data are presented as number (%) or median (interquartile range).
* Multiple indications possible.
& Measurement within one week before delivery, n = 551.

▶ Table 2 Neonatal outcomes.

variable infants (n = 856)

gestational age at delivery, weeks 38 (37 to 39)

birth weight, g 2478 (2140 to 2790)

birth weight MoM** 0.76 (0.70–0.82)

birth weight < 10°pc** 596 (70%)

male sex 372 (44%)

composite adverse outcome
(abnormal condition at birth
or major neonatal morbidity)

93 (11%)

abnormal condition at birth* 27 (3%)

▪ fetal death 2 (0%)

▪ pH art < 7.0 or pH ven < 7.1 (17 %
missing data)

7 (1%)

▪ Apgar score at 5 minutes < 7 15 (2%)

▪ resuscitation with intubation or
medication

10 (1%)

major neonatal morbidity* 77 (9%)

▪ cerebral 7 (1%)

▪ cardiovascular 7 (1%)

▪ respiratory 53 (6%)#

▪ infection 17 (2%)

neonatal death 0

Data are presented as number (%) or median (interquartile range).
** Reference chart for calculation by Hadlock [17].
* Multiple conditions possible.
# 39/53 (74%) had only some respiratory support of short duration in
the 1st week.
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even though they are significantly related to perinatal adverse
outcome, they are relatively poor predictors of it.

Several studies reported longitudinal changes of fetal Doppler in
association with the severity of FGR and earlier delivery [7–13]. All
collected data were from clinical databases, except Hecher et al.,
who performed measurements prospectively for research purposes

in a selected predefined population. Studies that targeted early FGR
< 32 weeks described a more predictable sequential pattern of de-
terioration of fetal monitoring parameters [7–10]. These findings
differ from our results as the pattern of Doppler measurement
values is different in women with early vs. late preterm FGR.

▶ Table 3 For each order of measurements, gestational age, abnormal UCR rate, and number of women for whom this was the last UCR measure-
ment are shown. For those who had their last measurement at the indicated measurement order, the rate of composite adverse outcome, interval to
delivery, and birth weight MoM are specified by UCR being abnormal or normal.

order of
measure-
ment

gestational
age at
doppler

abnormal
UCR rate

delivered
after this
UCR (n)

composite adverse
outcome rate

interval to
delivery (days)

birth weight MoM

UCR ≥0.9 UCR
< 0.9

UCR ≥0.9 UCR
< 0.9

UCR ≥ 0.9 UCR < 0.9

first 34 (33–35) 63/856 = 7% 160/856
(19%)

8/24
(33%)

13/136
(10%)

5
(2–11)

17
(5–34)

0.77
(0.64–0.80)

0.77
(0.68–0.84)

second 35 (34–37) 35/696 = 5% 179/696
(26%)

6/26
(23 %)

22/153
(14%)

2
(1–6)

8
(4–17)

0.71
(0.60–0.81)

0.78
(0.72–0.84)

third 36 (35–37) 25/517 = 5% 214/517
(41%)

1/28
(4 %)

21/186
= 11%

2
(1–5)

5
(2–9)

0.74
(0.69–0.79)

0.78
(0.73–0.84)

fourth 37 (36–38) 20/303 = 7% 115/290
(40%)

3/15
(20 %)

6/100
(6 %)

2
(1–6)

4
(2–6)

0.70
(0.66–0.73)

0.77
(0.71–0.82)

fifth 37 (36–38) 10/188 = 6% 92/188
(49%)

1/14
(7 %)

8/78
(10 %)

1.5
(0.6–2.4)

5
(2–7)

0.68
(0.63–0.77)

0.76
(0.70–0.81)

Specification of women delivered for abnormal UCR: No earlier abnormal UCR + abnormal UCR at earlier measurement. Total 14 + 18 – four deliveries
indicated by abnormal UCR occurred after a later measurement order.
Bold = Chi-Square test or Kruskal-Wallis test p < 0.05, ≥ compared to the next column.

▶ Fig. 1 Box plot of UCR and gestational age at measurement – one measurement/woman/gestational age period. 2502 measurements (268
double measurements in a week excluded), 856 women. * The distribution of UCR differs across categories of gestational age at measurement
(Kruskal-Wallis). ** The medians of UCR differ across the categories of gestational age at delivery for each gestational age in the measurement
group (Median test).
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Where fetal arterial Doppler was measured biweekly in women
with FGR diagnosed at 30–36 weeks, a gradual, nearly linear
decrease of CPR Z-score from 0 at 30 weeks to –1.3 at 40 week
was reported [11]. 7 % of the women had an abnormal CPR at
37 weeks and 23% at the last measurement before birth. In con-
trast, we observed less change with increasing gestational age in
women with both normal and adverse composite outcome. 7 %
had an abnormal UCR at inclusion and 15% at last measurement,
recognizing that we used absolute values and not Z-scores.
However, when we adjusted for gestational age at delivery, this
increase in UCR disappeared because those who delivered earlier
had more abnormal values. A study that compared two CPR mea-
surements after 30 weeks described only a small decrement in
CPR Z-scores between measurements (–0.02/week) [13]. In 941
women with small for gestational age (SGA) in whom repeated
Doppler measurements were performed from 20 weeks onwards
[12], the prediction of stillbirth was best using the last measured

CPR, while earlier longitudinal changes did not improve predic-
tion. A plot of CPR against gestational age showed a fairly horizon-
tal pattern after 32 weeks, in both normal women and those with
an SGA fetus, although the values in the latter group were lower.
Thus, longitudinal studies that have reported on late preterm FGR
had conclusions comparable to our study.

There has been some debate in relation to the preference of
CPR [18, 19] or UCR [20, 21] for describing the degree of cerebral
blood flow redistribution. Our preference for UCR derives from
the analysis of the early FGR TRUFFLE cohort [22], where UCR
and MCA z-score but not CPR were related to long-term outcome.
Moreover, most ratios used in medicine show a progressively
greater separation in the abnormal (not normal) range as is the
case for UCR but not CPR. This is true for sflt/PLGF ratio for risk
assessment of preeclampsia, protein creatinine ratio in the diag-
nosis of preeclampsia, and V/Q ratio for ventilation: perfusion
mismatch [16].

▶ Fig. 2 Boxplot of UCR and weeks to delivery – one measurement/woman/week. N = 2287 measurements (209 excluded with an interval of more
than 5 weeks and 274 excluded to prevent > 1 measurement/period/woman, 856 women, specified for gestational age at delivery and composite
outcome. * The distribution of UCR differs across categories of weeks before delivery (Kruskal-Wallis). ** The medians of UCR differ across the
categories of gestational age in the delivery groups within each interval to delivery group (Kruskal Wallis).

▶ Fig. 3 Cox regression analysis for delivery after inclusion, specified for an abnormal UCR ≥ 0.9 or normal UCR < 0.9 at inclusion, adjusted by
gestational age and EFW at inclusion.
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A characteristic of all observational studies, including this one,
is that obstetric management is frequently based on Doppler
observations. The association of an abnormal UCR and adverse
perinatal outcome is clear, but whether perinatal outcome can
be improved by using the UCR to determine delivery timing re-
mains unproven. This can only be assessed by a randomized trial,
and, given the low incidence of adverse perinatal outcome after
32 weeks such a trial would need a large sample size.

Conclusion

An abnormal UCR is likely to be abnormal again at a later measure-
ment in 67% (IQR 55–80), while after a normal UCR the chance of
an abnormal value is 6 % (IQR 5–7). Repeated measurements do
not predict outcome better than the first measurement, most
likely due to the most compromised fetuses being delivered earli-
er. Adverse outcome is most strongly linked to an earlier gesta-
tional age at abnormal UCR measurement.

▶ Fig. 4 Flowchart of 5 sequential UCR measurements, specified for abnormal (≥ 0.9) or normal (< 0.9) UCR. At first measurement, the total group
of 856 women was measured. Thereafter, numbers decreased due to delivery. The median interval between measurements was 7 days (IQR 5 to
10).

▶ Table 4 Odds ratios with 95% confidence intervals for an abnormal UCR > = 0.9 at consecutive measurements (the first is at inclusion), calculated
by logistic regression analysis. The area under the curve (AUC) of a receiver operating characteristic (ROC) curve is calculated using the probability for
an abnormal UCR calculated by the regression analysis. The logistic regression was started with all parameters in the title row; absent results: —: the
parameter was removed from the model because p > = 0.10.

order of
measurement

N gestational age/week EFW MoM count of earlier UCR ≥0.9 AUC ROC

first 856 — 0.57
(0.41–0.78)

— 0.68
(0.62–0.75)

second 696 — 0.59
(0.42–0.83

31.2
(14.4–68)

0.71
(0.64–0.78)

third 517 0.74
(0.59–0.93)

— 8.3
(4.43–15.52)

0.60
(0.51–0.69)

fourth 303 0.74
(0.56–0.96)

— 0.45
(2.51–0.96)

0.65
(0.53–0.77)

fifth 188 — 0.56
(0.33–0.97)

3.49
(1.91–6.36)

0.77
(0.64–0.89)
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