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A B S T R A C T

Introduction: Fetal growth restricted fetuses are less likely to receive evidence-based care; a previous
work demonstrated an improvement in neonatal prognosis when fetuses with intrauterine growth
restriction (IUGR) received minimum evidence based-care.
Objective: The objective of the study was to evaluate the impact of a standardized healthcare pathway on
the implementation of the recommended clinical practice in the antenatal management of IUGR fetuses,
in comparison to a traditional pathway. The quality of the implementation of practice has been defined
whether or not minimum evidence-based care (MEC), defined according to the recommendations of the
French college of gynecologists and obstetricians (CNGOF), has been implemented.
Study design: From a historical cohort of 31,052 children, born at the Femme Mère Enfant Hospital (Lyon,
France) between January 1st, 2011 and December 31st, 2017, we selected the population of IUGR fetuses.
We compared the rate of MEC between the IUGR fetuses followed-up in the traditional healthcare
pathway versus the IUGR fetuses followed-up in a standardized healthcare pathway between 2015 and
2017.
Results: A total of 245 IUGR were tracked between 2015 and 2017. Over this period, 120 fetuses were
followed within the traditional pathway and 125 within the IUGR pathway.
The standardized pathway resulted in a higher rate of MEC (86,4%) when compared to IUGR fetuses
followed-up in the traditional pathway (27,5% (OR* 20 (95 % CI 10.0�39.7). Among early-onset IUGR: 31 %
received MEC in the traditional pathway versus 83 % in the standardized pathway (p < 0.001). Among
late-onset IUGR: 22 % received MEC in the traditional pathway versus 92 % in the standardized pathway
(p < 0.001). The provided care in the standardized pathway resulted in an increase of complete antenatal
corticosteroid therapy (92,8 %) when compared to the traditional pathway (50.0 %; p < 0.001) and a
reduction of the rate of caesarean sections before labor for non-reassuring fetal heart rate (15 %) when
compared to the traditional pathway (41.3 % p = 0.007).
Conclusion: The standardized pathway improves the implementation of the local recommendations in
the management of early- and late-onset IUGR. This study is the first to suggest a standardized care
pathway in prenatal medicine. A medico-economic study could estimate the health care savings that such
a pathway would provide by allowing a medical management in accordance with the recommendations.

© 2020 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The diagnosis and management of fetuses with intrauterine
growth restriction (IUGR) remain an unresolved dilemma in
modern day obstetrics. It is due to several reasons such as unclear
diagnostic criteria, variable monitoring methods, complex
confounding factors affecting different gestational ages and
obstetrician and patient anxiety [1]. As our understanding
continues to evolve, and given that there is no treatment for
this condition, it is crucial to make an accurate diagnosis at a
correct gestational age, as this will determine the timing of
delivery and the perinatal outcomes associated with it. Over the
last couple of decades, it has become clear that early-onset IUGR,
diagnosed before 32 weeks of gestation, deals with a prolonged
status of hypoxia, while late-onset IUGR, deals with a lower
tolerance to hypoxia, associating rapid placental insufficiency to
numerous uterine contractions [2]. Studies have shown that
early-onset IUGR can rapidly deteriorate from umbilical arteries
and venous abnormalities to abnormal biophysical profile
leading to interventions and significant neonatal morbidity
and mortality [3,4].

Internationally and regionally, detection of small-for-gestation-
al-age (SGA) and management of IUGR fetuses vary considerably. A
recent publication in the American journal of obstetrics and
gynecology discussed areas where there is potential for conver-
gence between small-for-gestational-age guidelines based on
existing randomized trials, and areas of controversy, emphasizing
research priorities [5]. While first-trimester screening for IUGR has
been the focus of much research, biomarkers have not performed
well enough to date to be offered as stand-alone screening tests [6].
Moreover, even if there is universal agreement about multiple
practices (e.g. use of corticosteroids when birth is likely to occur
before 34 weeks, importance of undertaking umbilical artery (UA)
Doppler studies in suspected IUGR pregnancies), timing of delivery
in late-onset IUGR (whether the Doppler study is normal or
abnormal), assessment of middle cerebral artery (MCA) Doppler
and the use of biophysical profile scores differ between countries
[5].

Plus, since many publications suggested a model pathway for
clinical management of IUGR [2,7], no study that we are aware of
discussed a model protocol for a healthcare organization and its
repercussions on the clinical management of IUGR. An Australian-
New Zealand study evaluated IUGR surveillance policies and
demonstrated from a multicenter survey that clinical practices are
still insufficiently in line with recommendations [8]. In the same
spirit, Zeitlin et al. showed that IUGR fetuses were less likely to
receive evidence-based care [9].

The primary aim of this study was to evaluate the impact of
healthcare pathways (standardized protocol versus traditional), on
the implementation of the French national guidelines in the
management of FGR (fetal growth restriction) in clinical practice.
The secondary objective was to measure the evolution of clinical
practices before and after the publication of such recommenda-
tions in December 2013 [10–12].

2. Materials and methods

2.1. Study population

We conducted a retrospective study at a single tertiary
maternity center in Lyon-France, the Femme Mère Enfant Hospital,
including the exhaustive population of growth-restricted new-
borns after 24 + 0 weeks of gestation. Data was collected over seven
years, from January 1st, 2011 to December 31, 2017. IUGR was
defined among children whose birthweight < 10th percentile, in
accordance with the consensus-based definition for early and late

FGR in the absence of congenital anomalies: [13,14] 1) birthweight
<3rd centile for gestation and gender, using French AUDIPOG
population birthweight centiles for singleton infants, [15] And/or
2) Estimated Fetal Weight (EFW) <10th centile on local charts
(AUDIPOG [16] before 2014, and CFEF [17] after 2014) combined
with umbilical artery pulsatility index (UA-PI) >95th centile or 3)
EFW crossing centiles. We selected the exhaustive population of
fetuses according to the consensus-based definition, and focused
the population study on the fetuses that were identified as IUGR
during the pregnancy.

Multiple pregnancies, non-identified IUGR and congenital fetal
anomalies (malformations, chromosomal or metabolic disorders)
were excluded. Women with no first-trimester ultrasound were
excluded to ensure all had an accurately dated pregnancy.

2.2. Data source and records

Individual medical records were used to obtain a medical,
obstetrical and antenatal history and to determine the model of
care. Information about prenatal appointments and ultrasound
reports were obtained from the clinical patient folder, recording all
clinical investigations. Note that, when applicable, due to the
dynamic definition of SGA/IUGR, only the first and the 3 last
ultrasound examinations were considered for data analysis.

2.3. Baseline characteristics and risk factors for FGR on history

Baseline characteristics assessed included maternal age, body
mass index (BMI), parity, and gestational age at delivery. Known
risk factors for IUGR were documented, including previous SGA/
IUGR infants, previous gestational hypertensive disorder or
preeclampsia or previous stillbirth. Medical conditions were
recorded including essential hypertension, pre-existing diabetes
mellitus, autoimmune disease (systemic lupus erythematosus,
antiphospholipid syndrome), thrombophilia, chronic nephropathy
and smoking use during pregnancy.

2.4. Healthcare pathways

The study aim was to compare the rate of the minimum
evidence-based care in the traditional clinical path versus the
standardized one.

Among the population of IUGR, the study concerned growth
restricted fetuses that were suspected during the antenatal period.
To insure no bias selection, both pathways received exclusively
suspected IUGR with antenatal diagnosis of FGR. After diagnosis,
patients were either followed-up in the traditional pathway or
assigned to the standardized path. The choice of the pathway was
left to the practitioner depending on their habit, their ability to
manage the situation and their organizational constraints. No
required selection criterion was required for the inclusion in each
pathway.

The traditional pathway involved traditional ultrasound exami-
nations, general monthly obstetrical examination including every
additional medical intervention prescribed by the practitioner.

The standardized pathway called the ‘IUGR pathway' was
founded in April 2014 in our center. The IUGR pathway was a
clinical department associated with the pregnancy hospitalization
ward, managed by senior physicians and dedicated midwives,
where ambulatory care was provided on an outpatient basis. It
included diagnosis confirmation of FGR and Doppler assessment,
systematic weekly monitoring of the fetal heart rate (NST), and
finally a global overview by a senior physician on management and
monitoring arrangements. Patients were assigned to the IUGR
pathway just after the diagnosis of growth restriction. If needed,
etiological assessments were also provided on blood and urine

A. Atallah, M. Butin, S. Moret et al. J Gynecol Obstet Hum Reprod 50 (2021) 101998

2



sampling during consultations. If satisfying growth was demon-
strated during monitoring, the patient joined back the traditional
pathway. If the diagnosis was maintained, the patient was
reconvened within the department for further follow-up.

While the ‘2011�2013’ group has exclusively concerned the
traditional pathway, the ‘2015�2017’ group has concerned either
the traditional pathway or the IUGR pathway.

2.5. Outcome measures: minimum evidence-based care

For all diagnosed IUGR according to the study population, we
collected the gestational age at diagnosis, the surveillance
modalities, the type of prevention of complications related to
prematurity and birth conditions. To evaluate the impact of
healthcare pathways, on the management of IUGR in clinical
practice, according to the French national guidelines, [10–12] we
established the minimum evidence-based care, to consider
whether the management was in conformity with the recom-
mendations [10]. The fetus was considered in the ‘MEC’ group
when it received optimal evidence-based care according to the

recommendations. The newborn was considered in the ‘no MEC’
group when antenatal management missed at least one of the cited
recommendations.

Minimum evidence-based care (MEC) included for every IUGR
fetus that met the inclusion criteria: [10,18]

- A systematic assessment of the umbilical artery (UA) Doppler
including estimation of pulsatility index,

- A systematic appreciation of amniotic fluid volume
- A systematic monitoring of fetal heart rate by non-stress test
(NST). MEC did not include the frequency of NST. Heart rate
baseline, reactivity to movement, variability and the presence of
decelerations were measured for at least 20–30 min.

- If gestational age at birth <34 + 0 weeks, MEC expected a
complete administration of antenatal corticosteroids before
birth.

In the case of normal Doppler measurement, scans should be
repeated every 2�3 weeks including control of the estimated fetal
weight (EFW) and UA Doppler.

Table 1
Characteristics of the study population.

2011 – 2013 Traditional pathway n=201 2015�2017 All pathways n = 245 p

Maternal characteristics
Age (mean) 29,11(15�42) 29,9 (16�43) 0,7
Gestational age at birth
< 26 weeks 10 (4,9%) 16 (6,5%)
26–31 weeks 51 (25,3%) 40 (16,3%)
32–36 weeks 45 (22,3%) 50 (20,4%) 0,07
> 37 weeks 95 (47,5%) 139 (56,8%)
Primiparity 122 (60,7%) 138 (56,3%) 0,35
Personal history of:
SGA/IUGR 39 (19,4%) 55 (22,4%) 0,43
Preeclampsia 14 (6,9%) 11 (4,5%) 0,25
Stillbirth 5 (2,5%) 7 (2,8%) 0,81
Maternal condition:
Smoking 36 (17,9%) 45 (18,3%) 0,9
APS 2 (0,9%) 12 (4,9%) 0,01*
Chronic nephropathy 1 (0,5%) 2 (0,8%) 1
Essential hypertension 11 (5,4%) 9 (3,6%) 0,36
BMI > 30 16 (22,8%) 16 (6,5%) 0,56
Thrombophilia 2 (0,9%) 8 (3,2%) 0,19
Autoimmune disease 6 (2,9%) 4 (1,6%) 0,35
Actual pregnancy
Premature rupture of membranes 2 (0,9%) 8 (3,2%) 0,19
Preeclampsia, gestational hypertension 38 (19,0%) 49 (20 %) 0,77
Threat of premature labor 3 (1,5%) 10 (4%) 0,1
Gestational diabetes 10 (4,9%) 18 (7,3%) 0,3
Pregnancy cholestasis 0 3 (1,2%) 0,25
Placenta prævia 1 (0,5%) 3 (1,2%) 0,63
Delivery
Vaginal delivery 87 (43,2%) 128 (52,2%) 0,05
Cesarean section during labor 14 (7%) 16 (6,5%) 0,85
Non-reassuring fetal status 11 (5,4%) 15 (6,1%) 0,77
Stagnation of cervical dilatation 2 (0,9%) 0,2
Cesarean section before labor 91 (45,2%) 86 (35,1%) 0.02*
Non-reassuring fetal status 23 (11,4%) 38 (15,5%) 0.21
Breech presentation 11 (5,4%) 6 (2,4%) 0.09
Severe maternal preeclampsia 11 (5,4%) 16 (6,5%) 0.64
Personal history of cesarean section 5 (2,5%) 14 (5,7%) 0.09
Planned cesarean section 9 (4,6%) 15 (6,2%) 0.44
Antenatal Doppler condition:
Normal UA Doppler 91 (45,2%) 122 (49,8%) 0.34
UA-PI>95th centile 30 (15,0%) 52 (21,2%) 0.08
Brain sparing 28 (14,0%) 34 (13,8%) 0.98
AREDV 30 (15,0%) 26 (10,6%) 0.17
Fetal characteristics
Mean birthweight (grams) 1728 1813 0.18
Male sex 98 (48,7%) 119 (48,5%) 0.96
Apgar score <7 at 5 minutes 9 (4,5%) 7 (2,8%) 0.35

SGA: Small for gestational age – IUGR: Intrauterine growth restriction – APS: Antiphospholipid syndrome – BMI: Body mass index – UA: Umbilical artery – PI: Pulsatility index
– AREDV: Absent or reversed end-diastolic velocity - * statistical significance.
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In case of abnormal UA Doppler measurement with UA-
PI>95th centile, systematic middle cerebral artery (MCA) Doppler
measurement, and a weekly evaluation of the measure were
expected.

In case of abnormal UA Doppler measurement with absent or
reversed end-diastolic velocity (AREDV) or UA-PI>95th centile
with brain sparing on MCA Doppler, MEC involved a systematic
Ductus Venosus (DV) Doppler measurement if gestational age < 32
weeks and a weekly repetition of Doppler studies.

In the case of brain sparing >34 weeks: Birth should be
considered before repeated FHR anomalies.

In case of abnormal DV Doppler measurement: fetal
extraction should be considered within 48 h.

Mode of birth was not included in the minimum care, however,
when cesarean sections were undertaken before labor in high or
extremely high emergency conditions, the minimum care was
considered unsatisfied (excluding unpredictable placental abrup-
tion). This birth condition would be related to a failure in
identifying the appropriate time to deliver, as recommended in
the French national recommendations after 32 weeks.

During data collection, the type of pathway was blinded to the
investigator (AA).

As the French guidelines for clinical practice related to fetal
growth restriction (FGR) were published in December 2013 [10],
and to evaluate the impact of guidelines on the rate of MEC, we
intentionally excluded from statistical analysis, the fetuses born in

Table 2
Characteristics of the study population according to pathways.

2015�2017
Traditional pathway IUGR pathway P

Maternal characteristics n = 120 n = 125
Age (mean) 31,7 (16�46) 29,6 (17�43) 0,002*
Gestational age at birth
1. < 26 weeks 12 (10 %) 4 (3,2%)
2. 26–31 weeks 26 (21,6%) 14 (11,2%)
3. 32–36 weeks 14 (11,6%) 36 (28,8%) <0,001*
5. > 37 weeks 68 (56,6%) 71 (56,8%)
Primiparity 71 (59,1%) 67 (53,6%) 0,37
Personal history of:
SGA/IUGR 21 (17,5%) 34 (27,2%) 0,06
Preeclampsia 6 (5,0%) 5 (4%) 0,7
Stillbirth 0 7 (5,6%) 0,01*
Maternal condition:
Smoking 21 (17,5%) 24 (19,2%) 0,73
Antiphospholipid syndrome 1 (0,8%) 11 (8,8%) 0,005*
Chronic nephropathy 0 2 (1,6%) 0,49
Essential hypertension 6 (5,0%) 3 (2,4%) 0,32
BMI > 30 9 (7,5%) 7 (5,6%) 0,54
Thrombophilia 5 (4,1%) 3 (2,4%) 0,49
Autoimmune disease (Lupus) 0 4 (3,2%) 0,12
Actual pregnancy
Premature rupture of membranes 5 (4,1%) 3 (2,4%) 0,49
Preeclampsia, gestational hypertension 26 (21,6%) 23 (18,4%) 0,52
Threat of premature labor 7 (5,8%) 3 (2,4%) 0,2
Gestational diabetes 10 (8,3%) 8 (6,4%) 0,56
Pregnancy cholestasis 2 (1,6%) 1 (0,8%) 0,61
Placenta prævia 2 (1,6%) 1 (0,8%) 0,61
Vaginal delivery 64 (53,3%) 64 (51,2%) 0,73
Cesarean section during labor 7 (5,8%) 9 (7,2%) 0,66
Non-reassuring fetal status 7 (5,8%) 8 (6,4%) 0,85
Stagnation of cervical dilatation . . .
Cesarean section 46 (38,3%) 40 (32%) 0,29
Non-reassuring fetal status 21 (17,5%) 17 (13,6%) 0,39
Breech presentation 1 (0,8%) 5 (4%) 0,21
Severe maternal preeclampsia 9 (7,5%) 7 (5,6%) 0,54
Personal history of cesarean section 3 (2,5%) 11 (8,8%) 0,051
Fetal characteristics
Gestational age at diagnosis (mean) 29,3 (17�40) 28,6 (17�38) 0,9
<26 weeks 35 (29,2%) 34 (27,2%)
26�31 weeks 35 (29,2%) 42 (32,8%) 0,37
32�36 weeks 27 (22,5%) 34 (28 %)
>37 weeks 23 (19,1%) 15 (12 %)
Antenatal corticosteroids 44 (36,6%) 48 (38,4%) 0,77
Early (diagnosed < 32 weeks) 70 (58,3%) 76 (60,8%) 0,69
Late (diagnosed � 32 weeks) 50 (41,6%) 49 (39,2%) 0,69
Antenatal Doppler condition:
Normal UA Doppler 59 (49,1%) 63 (50,4%) 0,56
UA-PI > 95th centile 18 (15%) 34 (27,2%) 0,05
Brain sparing 17 (14,1%) 17 (13,6%) 0,66
AREDV 15 (12,5%) 11 (8,8%) 0,22
Mean birthweight 1747 1925
Male sex 64 (53,3%) 55 (44%) 0,14
Apgar score < 7 at 5 minutes 6 (5,0%) 3 (3,2%) 0,32

SGA: Small for gestational age – IUGR: Intrauterine growth restriction – APS: Antiphospholipid syndrome – BMI: Body mass index – UA: Umbilical artery – PI: Pulsatility index
– AREDV: Absent or reversed end-diastolic velocity - * statistical significance.
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2014, considering this year as a transition in practices. Thus, we
compared the traditional pathway between 2015�2017 to the
IUGR pathway during the same period on the one hand, and the
traditional pathway between 2011�2013 to the traditional path
between 2015�2017 on the other hand.

2.6. Statistical analysis

Means, medians or percentages of the total were used to
describe outcomes of interest. Chi-squared test and Fisher’s test
were used for analysis of categorical variables, and the unpaired
Student’s t-test for analysis of continuous variables that approxi-
mated a normal distribution. The association of demographic,
clinical and diagnostic parameters at study inclusion with the
composite endpoint was first explored by univariate analysis.
Those parameters that reached statistical significance in univariate
analysis were entered in a multivariate logistic regression analysis
to adjust for association between parameters and to calculate odds
ratios (OR). Logistic regression analysis was started with all
parameters in the model, and the probability for removal from the
model was set at 0,1. Statistical significance was regarded as a p-
value <0,05. Statistical analysis and logistic regression were
performed using SAS Version 9.4 (SAS Institute Cary, NC).

3. Results

Over the seven years, and among 31 052 newborns, 2 852 (9,2%)
singletons were selected with a birthweight <10th centile. Among
them, 1 020 (3,3%) infants were identified as IUGR and met the
inclusion criteria. All infants were born in our center but originally
came from 23 different maternity centers. With a detection rate of
50,4%, 515 fetuses were diagnosed as growth restricted during the
antenatal period. There was no secondary exclusion. During
2011�2013, 201/395 (50,8%) growth-restricted infants were
prenatally diagnosed, and 245/465 (52,6%) during 2015�2017.
Maternal and fetal characteristics comparing the two periods were
listed in Table 1.

Fetal characteristics were comparable in both groups, including
antenatal Doppler conditions at delivery (p > 0,05).

We intended to compare maternal and fetal characteristics in
both pathways during the ‘2015�2017’ period. The characteristics
are listed in Table 2. Maternal characteristics were comparable in
both groups except for the gestational age at delivery, the
personal history of stillbirth and the personal history of
antiphospholipid syndrome (Table 2). Indeed, the prevalence of
personal history of stillbirth was significantly higher in the IUGR
pathway (7/125�5,6%) when compared to the traditional
pathway (0/120) p = 0,01. The prevalence of personal history of
antiphospholipid syndrome was significantly higher in the IUGR
pathway (11/125�8,8%) when compared to the traditional

pathway (1/120 – 0,8%) p = 0,005. Concerning the gestational
age at delivery, the number of delivery before 32 weeks was
significantly higher in the traditional pathway (38/120) when
compared to the number of delivery at this gestational age in the
IUGR pathway (18/125) p < 0,001.

In the IUGR pathway, Patients were more likely to be delivered
between 32�36 weeks with a lower incidence of delivery between
26�31 weeks when compared to the traditional pathway (p < 0,01
and p = 0,02 respectively). Early- and late-onset FGR were similarly
represented in both pathways. No association had been found
between the pathway and the mode of delivery.

3.1. Rate of Minimum evidence-based care (Table 3)

MEC was delivered in 32,3% (65/201) of women in the
traditional pathway between 2011�2013. MEC rate was similar
in early-onset (33 % 44/133) and late-onset IUGR (30,8% 21/68).

MEC rate was significantly higher during 2015�2017 (all
pathways combined) with a global rate of 57,5% (141/245 p
< 0,001). The increase also concerned early-onset IUGR with an
MEC rate of 58,2% (85/146 p < 0,001) and late-onset IUGR with an
MEC rate of 56,5% (56/99 p = 0,001).

3.2. Subgroup analysis: Traditional pathway between 2011�2013 and
2015�2017 (Table 3)

The rate of MEC in the traditional pathway did not differ before
and after 2014. The global rate was estimated at 32,3% (65/201)
between 2011�2013 and 27,5% (33/120) between 2015�2017 (p
= 0,36). Early-onset IUGR underwent the same clinical behaviors
with an estimated rate of MEC at 33,0% (44/133) between
2011�2013 and 31,4 %(22/70) between 2015�2017 (p = 0,81).
The trends were similar in late-onset FGR, with a global rate of
30,8% (21/68) between 2011�2013, and 22,0% (11/50) between
2015�2017.

3.3. Subgroup analysis: Traditional pathway versus IUGR pathway
(2015�2017) (Table 3)

The rate of MEC in the traditional pathway was significantly
higher in the IUGR pathway when compared to the rate in the
traditional pathway: 27,5% (33/120) and 86,4% (108/120)
respectively (p < 0,001). The percentage of MEC in early-onset
IUGR was estimated at 31,4 % (22/70) in traditional pathway
versus 82,9% (63/76) in the standardized IUGR pathway (p
< 0,001). The trends were similar in late-onset FGR, with a rate of
MEC at 22,0% (11/50) in the traditional path versus 91,8 (45/49) in
the IUGR pathway (p < 0,001).

Multivariate analysis by logistic regression (Table 4) was
adjusted on age, gestational age at birth, personal history of

Table 3
Rate of minimum evidence-based care in fetal growth restriction according to pathways.

Minimum evidence-based care in fetal growth restriction 2011�2013 Traditional pathway 2015�2017 All pathways p
Global rate 65/201 (32,3%) 141/245 (57,5%) <0,001*
Early onset-IUGR 44/133 (33,0%) 85/146 (58,2%) <0,001*
Late onset-IUGR 21/68 (30,8%) 56/99 (56,5%) 0,001*
Minimum evidence-based care in fetal growth restriction 2011�2013 Traditional pathway 2015�2017 Traditional pathways p
Global rate 65/201 (32,3%) 33/120 (27.5 %) 0.38
Early onset-IUGR 44/133 (33,0%) 22/70 (31.4 %) 0.81
Late onset-IUGR 21/68 (30,8%) 11/50 (22.0 %) 0.28
Minimum evidence-based care in fetal growth restriction 2015�2017 Traditional pathway 2015�2017 IUGR pathways p
Global rate 33/120 (27.5 %) 108/125 (86,4%) <0,001*
Early onset-IUGR 22/70 (31.4 %) 63/76 (82,9%) <0,001*
Late onset-IUGR 11/50 (22.0 %) 45/49 (91.8 %) <0,001*

IUGR: Intrauterine growth restriction - * statistical significance.
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stillbirth personal history of SGA/IUGR, antiphospholipid syn-
drome, and umbilical artery – pulsatility index > 95th centile.

Patients followed in the IUGR pathway were more likely to
undergo MEC with an adjusted OR 20 (10,0�39,7); p < 0,001. Early-
onset IUGR in the IUGR pathway were more likely to experience
MEC with an adjusted OR 10,5 (4,8�23,1) p < 0,001. Late-onset
IUGR in the IUGR pathway were more likely to undergo MEC with
an adjusted OR 39,8 (11,7�135,3) p < 0,001.

3.4. Minimum evidence-based care: missing elements in the care
process (Table 5)

The different items that led to considering MEC as not satisfied
are listed in Table 5. Systematic umbilical Doppler measurement in
EFW<10th centile was performed in > 80 % of cases in both
pathways. Systematic weekly monitoring of FHR was significantly
higher in the IUGR pathway (100 %) in comparison with the
traditional pathway (60 %) p < 0,001. The rate of complete
administration of antenatal corticosteroids if gestational age at
birth < 34 weeks was significantly higher in the IUGR pathway
(92,8%), while this rate reached 50 % in the traditional pathway (p
< 0,001).

The rate of cesarean section in high or very high emergency
conditions was significantly reduced in the IUGR pathway (15 %)
compared to the traditional pathway (41,2%) p = 0,007.

3.5. Minimum evidence-based care in early- and late-onset FGR:
missing elements in the care process (Supplementary Table 1 and 2)

Early and late-onset FGR showed a superimposable clinical
behavior with a significant increase in MEC rate in the IUGR
pathway (82,8% and 91,8%; p < 0,001 and p < 0,001 respectively),
including a higher percentage of systematic Doppler measurement
on umbilical artery when indicated (100 % and 99,8% respectively
(p = 0,01 and p < 0,001 respectively) when compared to the
traditional pathway.

In early-onset IUGR, the IUGR pathway guaranteed a significant
reduction of cesarean sections in high or very high emergency
conditions for fetal heart rate anomalies before labor with an
estimated rate of 13,8% versus 45 % in the traditional pathway (p
= 0,005).

The IUGR pathway permitted decisions of birth before repeated
FHR anomalies in brain sparing late-onset FGR > 34 weeks in 8/8
fetuses (100 %) versus 20 % (1/5) in the traditional pathway
(p = 0,006).

4. Discussion

The study demonstrated the impact of perinatal healthcare
organization on the quality of the antenatal provided care. An
effective care pathway would guarantee access to care and increase
the compliance of care within desirable deadlines, and optimal
conditions. Since the rate of MEC reached 86,4% in the standardized
pathway, we demonstrated the effectiveness of such a pathway in
perinatal medicine. Even if our data showed an increase of MEC

rate after the publication of the French guidelines related to IUGR
(December 2013), sub-group analysis revealed that the rise in MEC
rate was attributable to practices used within the IUGR pathway.
Indeed, no difference in practice had been noticeable in the
traditional path before or after 2014.

4.1. Healthcare organization in diagnosed growth-restricted fetuses

Standardized hospital model of care is associated with better
management of IUGR by local or international guidelines. Such
healthcare model had been suggested in multiple areas, especially
in the management of cancer, palliative care and gerontology
[19,20]. Since research had been developing standardization of
practices in term of prenatal surveillance [2] and etiological
investigations [21], we are not aware of the development of such a
care delivery platform in perinatology.

The inclusion of patients in our model of care is established at
the diagnosis of intrauterine growth retardation, regardless of the
level of risk set at the first trimester. Clustering patients according
to their risk level is a gateway to improved screening [22] but
doesn't seem to influence the type of antenatal pathway once the
diagnosis is made. The standardized pathway did not generate a
significant selection bias among midwives and obstetricians, since
pregnancies were equitably distributed among the pathways,
regardless of their level of risk (Except for pregnancies associated
with antiphospholipid syndrome and personal history of stillbirth
that were exclusively included in the standardized pathway).

4.2. Minimum care: evidence-based care for IUGR

Our population of IUGR had been build by the latest
publications related to the definition of IUGR [13] and the
consensus and standards in fetal growth restriction studies [14].
Nonetheless, we intentionally did not use uterine artery Doppler
measurement ever since it had not been discussed in French
recommendations of good practice [5,10].

Fetal heart rate recording is considered as one of the essential
elements of monitoring in fetuses with intrauterine growth
retardation. The purpose of using FHR is to ensure fetal wellbeing
in the event of normal FHR or conversely to attempt to detect
altered fetal vitality and consider delivery in the occurrence of an
abnormality. This examination, therefore, finds its interest once
the fetus is deemed to be viable (in France fetal extraction for
neonatal care is generally considered starting 24 weeks or 500 g)
[10]. We have given no importance to the used type of
cardiotocography (CTG) analysis, conventional versus computer-
ized, as there is currently insufficient argument to routinely
recommend or not recommend a technique over the other for the
surveillance of fetuses with IUGR even before 32 weeks [18]. The
interest of computerized CTG lies in its quantitative character with
a possibility of longitudinal follow-up, which could facilitate the
objectivity of an extraction decision. At the time, 50 % of learned
societies recommend the use of computerized CTG for deciding
when to deliver, based on fetal grounds, through systematic
monitoring seemed suitable in both techniques [5].

Table 4
Adjusted odds ratio produced by multivariate analysis (logistic regression).

Minimum evidence-based care Unadjusted OR Confidence interval 95 % Adjusted OR Confidence interval 95 %

IUGR pathway 14,4 7,4�27,7 20* 10,0�39,7
In Early-onset IUGR 9,1 4,3�19,5 10,5* 4,8�23,1
In Late-onset IUGR 40,9 11,2�135,8 39,8* 11,7�135,3
Birth at gestational age < 26 weeks 3,3 1,0�10,7 4,8* 1,2�18

Odds ratio was adjusted on age, gestational age at birth, personal history of stillbirth personal history of SGA/IUGR, personal history of cesarean section, personal history of
antiphospholipid syndrome, and umbilical artery – pulsatility index > 95th centile. IUGR: Intrauterine growth restriction - *statistical significance with p < 0,001.
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While the diagnosis between IUGR and SGA seems to be a
common challenge in ultrasound assessment [12], it seems
rigorous that an EFW triggers the reflex of hemodynamic
documentation of the umbilical artery [3]. In both groups, such
a measure had been made in more than 80 % of ultrasound scans.
However, considering the mortality of SGA [23] and the possible
hemodynamic worsening in the event of an erroneous diagnosis of
SGA [3], it seems appropriate to consider this measure as
systematic in the presence of an estimated low weight in
ultrasound assessment [24]. Interestingly, previous studies on
fetal sheep showed that the increase in the systolic/diastolic ratio
(>95th centile) required embolization over several days, and was
significant when a 40 % increase in placental vascular resistance
had been reached [25,26]. These results confirm the dynamic
definition of SGA and emphasize the interest of systematic
documentation of umbilical artery Doppler to confirm the
diagnosis over time, if not to correct it to intrauterine growth
retardation.

While the French guidelines, in agreement with the learned
societies of the United Kingdom and New Zealand [5], recommend
a systematic middle cerebral artery Doppler study, whether the
umbilical Doppler measurement is normal or not, we have
deliberately excluded this criterion from the MEC. Indeed, the
recommendations are based on a study that evaluated the risk of
cesarean delivery for non-reassuring fetal status in SGA fetuses at
term [27]. Plus, the Irish and American guidelines emphasize the
fact that MCA Doppler should not be used to indicate delivery
before or after 32 weeks [5]. However, international guidelines are
consistent on the indication of birth after 34 weeks before repeated
fetal heart rate abnormalities [5].

This study emphasizes the necessity to decrease the rate of
prelabor cesarean sections in high or very high emergency
conditions. Indeed, once the decision of extraction is made, the
possible delay between decision and delivery differs depending on
the indications. Based on fetal grounds, a non-reassuring FHR,
suspected at high-risk of acidosis, or a clinical situation at risk of
anoxic-ischemic fetal encephalopathy are the primary indications
for prelabor cesarean sections under high or very high emergency
conditions [28]. MEC considerably decreased the rate of such
situations in early-onset IUGR. Since fetal characteristics are

comparable in both groups, this result underlines the ability in the
IUGR pathway, to prevent such conditions by considering the
optimal moment for delivery, even before the suspicion of non-
reassuring fetal status, especially when local and international
guidelines aren't consensual regarding gestational age of delivery
after 32 weeks [5].

The IUGR pathway was a clinical department associated with
the pregnancy hospitalization ward, managed by senior physicians,
where ambulatory care was provided on an outpatient basis.
Nevertheless, the implementation of such a structure did not result
in additional health care expenditures. The nursing staff concerned
by this course is an integral part of the hospitalization staff.
Moreover, the further examinations carried out replaced those that
could have been prescribed within the traditional pathway. A
medico-economic study could estimate the health care savings of
such a pathway, mobilizing fewer care providers and enabling
medical management in line with recommendations. It should be
noted that the existence of a dedicated platform will make it
possible to reduce the organizational constraint of convening
patients within recommended times on overloaded schedules.

Implementing the new consensus recommendations in the
management of IUGR was not associated with an increase of MEC
in the traditional pathway. We intentionally excluded the year
2014, considering it as a year necessary for the transition of
practices. These findings question the place of continuing medical
education and the impact of recommendations on daily practice.

4.3. Strength and limitations of the study

We believe our findings make a significant contribution to the
literature, as we are not aware of any studies of IUGR singletons,
which have compared the minimum evidence-based care, beyond
prenatal diagnosis. Our study incorporates a large exhaustive
population of FGR, in a single center, representative of contempo-
rary obstetric practice. Besides, the external validity of the study is
also based on the fact that the patients included in the traditional
pathway came from 23 different maternity wards, preventing the
center-effect likely to occur in tertiary hospitals. During data
collection, the type of pathway was blinded to the investigator to
reduce investigator subjectivity bias. An inherent limitation of the

Table 5
Clinical care according to healthcare pathways between 2015 and 2017.

2015�2017

Traditional Pathway IUGR Pathway p

Minimum evidence-based care 33/120 (27,5%) 108/125 (86,4%) <0,001*
Global coverage n = 120 n = 125
Systematic UA Doppler if EFW < 10th centile 100/120 (83,3%) 124/125 (99,2%) <0,001*
Systematic quantification of amniotic volume 120/120 (100%) 125/125 (100%) 1
Systematic monitoring of FHR 72/120 (60,0%) 125/125 (100%) 0,001*
Complete administration of antenatal corticosteroids if GA at birth < 34 weeks 18/36 (50%) 26/28 (92,8%) <0,001*
Normal UA Doppler measurement
Interval between scans every 2-3 weeks (including EFW) 37/73 (50,6%) 83/85 (97,6%) <0,001*
UA-PI > 95th centile
Systematic MCA Doppler measurement 47/55 (85,4%) 70/72 (97,2%) 0,01*
MCA Doppler repeated weekly 20/55 (37,5%) 58/72 (80,5%) <0,001
UA-PI>95th centile with brain sparing or AREDV
Doppler study repeated weekly 11/32 (34,3%) 25/28 (89,2%) 0,059
Systematic DV Doppler if GA < 32 weeks 6/23 (26,0%) 11/14 (81,25%) 0,002*
If brain sparing >34 weeks: Birth before repeated FHR anomalies 1/5 (20,0%) 10/12 (83,3%) 0,02*
Abnormal DV Doppler:
Fetal extraction in the next 48 hours 1/1 (100%) 1/1 (100%) 1
If AREDV or Brain sparing > 24 weeks, Hospitalization in a maternity
unit with appropriate level of neonatal care

19/22 (86,3%) 14/15 (93,3%) 0,63

Birth conditions
Cesarean section in high or very high emergency conditions 19/46 (41,3%) 6/40 (15%) 0,007*
Birth decision < 37 weeks is unifactorial 10/31 (32,25%) 1/21 (4,7%) 0,03*

UA: Umbilical artery – EFW: Estimated fetal weight – FHR: Fetal heart rate – GA: gestational age – PI: pulsatility index – MCA: middle cerebral artery – AREDV: absent or
reversed end-diastolic velocity – DV: Ductus venosus * Statistical significance.
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study is its retrospective design, leading however to no lost to
follow-up. Finally, note that due to our selection of study
population, all fetuses that may have been identified as IUGR
during pregnancy, but then were born > 10th centile are not
represented in the study.

5. Conclusion

While fetuses with growth restriction receive suboptimal care,
we studied the minimum evidence-based care in IUGR according
to their clinical pathway of care. This study is the first to suggest a
standardized path of care in prenatal medicine. It showed that a
fetus in growth restriction is ten times more likely to receive the
minimum care within the standardized pathway when compared
to the traditional pathway. A medico-economic study could
estimate the health care savings of such a pathway, mobilizing
fewer care providers and enabling medical management in line
with recommendations.

Funding

No funding Conflict of Interest: All authors declare no conflict of
interest Ethical approval: All procedures performed in studies
involving human participants were in accordance with the ethical
standards of the institutional and the national research committee
and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. Ethical approval was given by the
Ethics committee of Hospices Civils de Lyon, Pr Jean François
GUERIN (n� 20–90)

Informed consent

Informed consent was obtained from all individual participants
included in the study.

CRediT authorship contribution statement

Anthony Atallah: Conceptualization, Methodology, Writing -
original draft. Marine Butin: Writing - review & editing. Stéphanie
Moret: Formal analysis. Olivier Claris: Writing - review & editing,
Supervision. Mona Massoud: Writing - review & editing. Pascal
Gaucherand: Writing - review & editing, Supervision. Muriel
Doret-Dion: Conceptualization, Methodology, Writing - review &
editing.

Declaration of Competing Interest

The authors declare that there is no conflict of interest.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.jogoh.2020.101998.

References

[1] Nawathe A, Lees C. Early onset fetal growth restriction. Best Pract Res Clin
Obstet Gynaecol 2017;38:24–37.

[2] Figueras F, Gratacós E. Update on the diagnosis and classification of fetal
growth restriction and proposal of a stage-based management protocol. Fetal
Diagn Ther 2014;36:86–98.

[3] Baschat AA, Gembruch U, Harman CR. The sequence of changes in Doppler and
biophysical parameters as severe fetal growth restriction worsens. Ultrasound
Obstet Gynecol 2001;18:571–7.

[4] Hecher K, Bilardo CM, Stigter RH, Ville Y, Hackelöer BJ, Kok HJ, et al. Monitoring
of fetuses with intrauterine growth restriction: a longitudinal study.
Ultrasound Obstet Gynecol 2001;18:564–70.

[5] McCowan LM, Figueras F, Anderson NH. Evidence-based national guidelines
for the management of suspected fetal growth restriction: comparison,
consensus, and controversy. Am J Obstet Gynecol 2018;218:S855–68.

[6] Crovetto F, Triunfo S, Crispi F, Rodriguez-Sureda V, Roma E, Dominguez C, et al.
First-trimester screening with specific algorithms for early- and late-onset
fetal growth restriction. Ultrasound Obstet Gynecol 2016;48:340–8.

[7] Bamfo JEAK, Odibo AO. Diagnosis and management of fetal growth restriction.
J Pregnancy 2011;2011:.

[8] Gibbons K, Beckmann M, Flenady V, Rossouw D, Gardener G, Mahomed K, et al.
A survey of policies for the monitoring of fetal growth in Australian and New
Zealand hospitals. Aust N Z J Obstet Gynaecol 2011;51:493–8.

[9] Zeitlin J, Manktelow BN, Piedvache A, Cuttini M, Boyle E, van Heijst A, et al. Use
of evidence based practices to improve survival without severe morbidity for
very preterm infants: results from the EPICE population based cohort. BMJ
2016;354:i2976.

[10] Senat M-V, Tsatsaris V. [Prenatal management of isolated IUGR]. J Gynecol
Obstet Biol Reprod (Paris) 2013;42:941–65.

[11] Grangé G. [Screening and diagnosis of small for gestational age fetuses]. J
Gynecol Obstet Biol Reprod (Paris) 2013;42:921–8.

[12] Ego A. [Definitions: small for gestational age and intrauterine growth
retardation]. J Gynecol Obstet Biol Reprod (Paris) 2013;42:872–94.

[13] Gordijn SJ, Beune IM, Thilaganathan B, Papageorghiou A, Baschat AA, Baker PN,
et al. Consensus definition of fetal growth restriction: a Delphi procedure.
Ultrasound Obstet Gynecol 2016;48:333–9.

[14] Gordijn SJ, Beune IM, Ganzevoort W. Building consensus and standards in fetal
growth restriction studies. Best Pract Res Clin Obstet Gynaecol 2018;49:117–
26.

[15] Mamelle N, Cochet V, Claris O. Definition of fetal growth restriction according
to constitutional growth potential. NEO 2001;80:277–85.

[16] Mamelle N, Munoz F, Grandjean H. [Fetal growth from the AUDIPOG study. I.
Establishment of reference curves]. J Gynecol Obstet Biol Reprod (Paris)
1996;25:61–70.

[17] Massoud M, Duyme M, Fontanges M. French College of Fetal Sonography
(CFEF), Combourieu D. [Chart for estimation of fetal weight 2014 by the French
College of Fetal Sonography (CFEF)]. J Gynecol Obstet Biol Reprod (Paris)
2016;45:80–5.

[18] Vayssière C, Sentilhes L, Ego A, Bernard C, Cambourieu D, Flamant C, et al. Fetal
growth restriction and intra-uterine growth restriction: guidelines for clinical
practice from the French College of Gynaecologists and Obstetricians. Eur J
Obstet Gynecol Reprod Biol 2015;193:10–8.

[19] Costantini M, Romoli V, Leo SD, Beccaro M, Bono L, Pilastri P, et al. Liverpool
Care Pathway for patients with cancer in hospital: a cluster randomised trial.
Lancet 2014;383:226–37.

[20] S Gnanamanickam E, M Dyer S, Milte R, Liu E, Ratcliffe J, Crotty M. Clustered
domestic model of residential care is associated with better consumer rated
quality of care. Int J Qual Health Care 2018.

[21] Salomon LJ, Malan V. [Managing and identifying the causes of IUGR]. J Gynecol
Obstet Biol Reprod (Paris) 2013;42:929–40.

[22] Doret M, Gaucherand P. [Detecting high risk pregnancy]. Rev Prat
2009;59:1405–22.

[23] Flamant C, Gascoin G. [Short-term outcome and small for gestational age
newborn management]. J Gynecol Obstet Biol Reprod (Paris) 2013;42:985–95.

[24] Monier I, Ancel P-Y, Ego A, Jarreau P-H, Lebeaux C, Kaminski M, et al. Fetal and
neonatal outcomes of preterm infants born before 32 weeks of gestation
according to antenatal vs postnatal assessments of restricted growth. Am J
Obstet Gynecol 2017;216(516)e1–516 e10.

[25] Trudinger BJ, Stevens D, Connelly A, Hales JR, Alexander G, Bradley L, et al.
Umbilical artery flow velocity waveforms and placental resistance: the effects
of embolization of the umbilical circulation. Am J Obstet Gynecol
1987;157:1443–8.

[26] Morrow RJ, Adamson SL, Bull SB, Ritchie JW. Effect of placental embolization
on the umbilical arterial velocity waveform in fetal sheep. Am J Obstet Gynecol
1989;161:1055–60.

[27] Cruz-Martínez R, Figueras F, Hernandez-Andrade E, Oros D, Gratacos E. Fetal
brain Doppler to predict cesarean delivery for nonreassuring fetal status in
term small-for-gestational-age fetuses. Obstet Gynecol 2011;117:618–26.

[28] Dupuis O, Sayegh I, Decullier E, Dupont C, Clément H-J, Berland M, et al. Red,
orange and green Caesarean sections: a new communication tool for on-call
obstetricians. Eur J Obstet Gynecol Reprod Biol 2008;140:206–11.

A. Atallah, M. Butin, S. Moret et al. J Gynecol Obstet Hum Reprod 50 (2021) 101998

8





















































































































Identification de la prévalence des parcours de soins non optimaux des foetus en
retard de croissance intra-utérin vasculaire nés au sein du réseau périnatal 
AURORE et identification des maillons défaillants du parcours :
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