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Abstract

Purpose We aim to compare the perinatal outcomes of two consecutive management strategies for fetal growth restriction
(FGR), with or without the inclusion of additional Doppler parameters.

Methods A quasi-experimental before/after study was conducted in which we compared a composite perinatal outcome,
prematurity rate, and neonatal complications between two management strategies in small fetuses. In the strategy 1 (S1), the
management was based on fetal biometry and umbilical artery Doppler. The second strategy (S2) added the assessment of
uterine and middle cerebral artery Doppler. We also compared outcomes between strategies according to early (<32 weeks)
and late (> 32 weeks) diagnosis subgroups.

Results We included 396 patients, 163 in S1 and 233 in S2. There were no significant differences in the perinatal composite
outcome (p 0.98), prematurity (p 0.19), or in the subgroup analysis. We found a significant reduction in respiratory distress
syndrome (RDS) rate with S2 both globally (OR 0.50, p 0.02), and in the early diagnosis subgroup (OR 0.45, p 0.01). In
addition, we observed a significant reduction in the incidence of sepsis with S2 both globally (OR 0.30, p 0.04) and in the
early diagnosis subgroup (OR 0.25, p 0.02). We did not observe significant differences in necrotizing enterocolitis (p 0.41)
and intraventricular hemorrhage (p 1.00).

Conclusion The expanded strategy for the management of FGR did not show significant differences in the primary composite
outcome or prematurity. However, it was associated with a lower incidence of RDS and neonatal sepsis.

Keywords Fetal growth restriction - Placental insufficiency - Doppler assessment - Neonatal morbidity - Respiratory
distress syndrome - Low birthweight

Introduction

Fetal growth restriction (FGR) due to placental insufficiency
is defined by an estimated fetal weight (EFW) lower than the
10th percentile with Doppler signs of placental insufficiency
[1-3]. It is one of the leading causes of perinatal morbid-
ity and mortality, associated with up to 30% of intrauterine
deaths in the third trimester [4]. Recently, it has also been
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linked to a greater predisposition to pediatric and adult non-
communicable diseases such as diabetes mellitus, obesity,
high blood pressure, and cardiovascular disease [5-7].

Although several interventions have been proposed to
improve the prognosis of these fetuses, none of them have
shown to be effective [8—15]. For this reason, so far, the only
available tool to manage these cases is early detection and
timely delivery.

Traditionally, screening and management were based
exclusively on ultrasound biometry and umbilical artery
Doppler [1, 16—18]. According to this strategy, fetuses with
an EFW below the 10th percentile with normal umbilical
artery Doppler were considered to be small for gestational
age (SGA), while those with abnormal umbilical artery Dop-
pler were labeled as growth-restricted [19-21]. However, dif-
ferent groups and scientific societies have recently advocated
for the introduction of a more comprehensive definition for
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FGR that includes the evaluation of other Doppler param-
eters to standardize the obstetric management of this condi-
tion [4, 22, 23]. This new definition includes extremely small
fetuses (EFW less than the 3rd percentile) and fetuses with
EFW between the 3rd and 10th percentile and at least one
of the following abnormal Doppler parameters: umbilical
artery pulsatility index (UmA-PI) over the 95th percentile,
middle cerebral artery pulsatility index (MCA-PI) below the
5th percentile, the ratio between these two vessels (cerebro-
placental ratio, CPR) below the 5th percentile, and mean
pulsatility index of uterine arteries (UtA-PI) over the 95th
percentile [24].

The aim of this study was to compare the perinatal out-
comes between these two strategies for the management
of FGR during two consecutive periods in a single tertiary
center.

EFW less than
the 10th percentile

Methods
Study design

This was a quasi-experimental before/after study in which
we compared a perinatal composite outcome between two
management strategies in patients with small fetuses fol-
lowed in our Unit from June 2009 to April 2019.

Groups and definitions

We included all singleton pregnancies with an EFW less
than the 10th percentile and available perinatal outcomes.
We excluded all cases with fetal genetic and structural anom-
alies and prenatal infections.

Patients were classified and managed from June 2009 to
July 2014 according to Strategy 1 (S1) (Fig. 1) [18], and
from July 2014 to April 2019 according to Strategy 2 (S2)
(Fig. 2) [24].

Briefly, in S1, SGA was defined as an EFW below the
10th percentile with normal umbilical artery Doppler and

Normal UmA-PI Abnormal UmA-PI
(SGA) (FGR)
UmA PI> p95 UmA PI> p95 UmA PI> p95
Positive EDF Absent EDF Reverse EDF

Consider delivery at

38-39 weeks 37 weeks

Consider delivery at

Consider delivery at
34 weeks

Consider delivery at
32 weeks

Fig. 1 Classification and management recommended by Strategy 1 EFW estimated fetal weight, UmA-PI umbilical artery pulsatility index,
SGA small for gestational age, FGR fetal growth restriction, > p95 greater than the 95th percentile. EDF end-diastolic flow
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Fig.2 Classification and management recommended by Strategy
2 EFWestimated fetal weight, UmA-Plumbilical artery pulsatil-
ity index, MCA-PI middle cerebral artery pulsatility index, CPR
cerebro-placental ratio, UtA-PImean pulsatility index of the uterine

in S2, as an EFW between the 3rd and 10th percentile with
normal Doppler parameters (UmA-PI, MCA-PI, CPR, or
UtA-PI). In S1, the diagnosis criterion for FGR was an EFW
below the 10th percentile with an abnormal umbilical artery
Doppler defined as UmA-PI over the 95th percentile. In S2,
the diagnosis of FGR was based on the updated definition
proposed in 2014 [24], i.e., either an EFW below the 3rd
percentile or an EFW between the 3rd and 10th percentile
with any of the following abnormal Doppler: MCA-PI below
the 5th percentile, CPR below the 5th percentile, UmA-PI

arteries, SGAsmall for gestational age, FGRfetal growth restric-
tion, > p95 greater than the 95th percentile, < pSbelow the 5th per-
centile, UmAumbilical artery, DVDuctus venosus, DV-PIpulsatility
index of the ductus venosus, EDF end-diastolic flow

over the 95th percentile, and UtA-PI over the 95th percentile
[25, 26]. Each strategy had its own recommended follow-
up intervals and gestational ages for delivery according to
severity (Figs. 1, 2).

In both strategies, the decision to administer steroids and
magnesium sulfate was based on the gestational age (GA) at
birth. Our local protocol consisted of administering two doses
of 12 mg of betamethasone every 24 h to pregnant women
expected to deliver between 24 40 and 34 + 6 weeks and mag-
nesium sulfate to those expected to deliver between 24 +0 and
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31+6 weeks. There were no changes in this protocol during
the 2009-2019 period.

Outcomes

The primary outcome was a composite of perinatal death or
the need for mechanical ventilation (NMV) or admission to
the Neonatal Intensive Care Unit (NICU) for at least 1 day.

The secondary outcomes were: operative delivery rate,
Apgar score <7 at 5 min, the incidence of prematurity and
associated complications, such as respiratory distress syn-
drome (RDS), sepsis, intraventricular hemorrhage (IVH),
and necrotizing enterocolitis (NEC). Operative delivery was
defined as delivery by cesarean section, vacuum, or forceps.
Prematurity was defined as GA at birth <37 weeks. RDS
diagnosis was based on the clinical picture of a neonate
with respiratory failure confirmed by a chest X-ray. IVH
was defined by clinical suspicion added to signs of intra-
ventricular bleeding on transfontanellar ultrasound. Sepsis
was defined as positive blood culture requiring treatment
with antibiotics, and necrotizing enterocolitis as the presence
of pneumatosis or perforation on X-ray or disease identi-
fied by laparotomy. Any grade of RDS, NEC, and IVH was
considered.

We compared the primary and secondary outcomes
between strategies according to early (<32 weeks) and late
(> 32 weeks) diagnosis [27].

Statistical analysis
We analyzed the primary and secondary outcomes as dichot-
omous variables. We calculated the odds ratios (OR) using a

simple logistic regression model to analyze the association
between the two strategies and the primary and secondary

Fig.3 Flowchart

outcomes. We analyzed separately each component of the
composite outcome using independent logistic regression
models.

Numerical variables were described with mean and stand-
ard deviation or median and interquartile range according to
distribution and categorical variables with percentage and
absolute frequency. 7T test or Mann—Whitney test was used
for continuous variables according to distribution and Chi2
or Fisher’s test for categorical variables.

All data analysis was done using the Stata 13.0 software
package.

A p value of less than 0.05 was considered statistically
significant.

The study was approved by the institutional review board
(P20-035).

Results

Among 812 pregnancies with an EFW less than the 10th
percentile, 172 were excluded for having normalized growth
in subsequent controls, 163 for fetal pathology, and 81 for
incomplete perinatal data. 396 met the inclusion criteria, 163
in S1 and 233 in S2 (Fig. 3). The baseline characteristics of
the population are presented in Table 1.

The mean GA at diagnosis was 29.4 +4 weeks in S1
and 29.2 +4 weeks in S2. The proportion of FGR was
25% (95% CI 18-32) in S1 and 59% (95% CI 53-65) in
S2 (p<0.001). In S1, the proportion of pregnancies with
abnormal Doppler was: UmA-PI over the 95th percen-
tile 22.7% (95% CI 17-29), and ductus venosus pulsatil-
ity index (DV-PI) over the 95th percentile 1.8% (95% CI
0.6-6). In S2, the proportion of abnormal Doppler was:
UtA-PI over the 95th percentile 37.9% (95% CI 32-44),

Initial search
n=812
172 normalized growth
Excluded 163 fetal pathology
n=416 81 incomplete perinatal data
Included
n=396
Strategy 1 Strategy 2
n=163 n=233
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Table 1 Baseliine characteristics Strategy 1 n=163 Strategy 2 n=233 P value

of the population
Maternal age (years; mean =+ SD) 32245 32.0+5 0.78
BMI (kg/m2; mean+ SD) 22.9+4 23.7+5 0.09
Spontaneous conception (n, %) 157 (96) 227 (97) 0.53
Chronic hypertension (n, %) 9 (6) 13 (6) 0.98
Pre-gestational diabetes (1, %) 2(1.2) 2(0.9) 0.72
Smoking (n, %) 25 (15) 31 (13) 0.56
Pre-eclampsia (1, %) 26 (16) 37 (16) 0.91
GDM (n, %) 9 (6) 25(11) 0.07
FGR (n, %) 40 (25) 138 (59) <0.001
Early diagnosis (<32 weeks) (n, %) 119 (73) 196 (84) 0.007
Gestational age at birth (weeks; median +IQR) 37,8 (35.1-39.4) 37.7 (35.9 -39) 0.83
Birth weight (gr; mean +SD) 2,331+709 2,333 +609 0.99
Cesarean sections (1, %) 101 (62) 139 (60) 0.64

SD standard deviation, BMI body mass index, GDM gestational diabetes mellitus, FGR fetal growth restric-
tion according to the used definition (strategy 1 versus strategy 2). Early diagnosis diagnosis of low fetal
weight <32 weeks, Late diagnosis diagnosis of low fetal weight>32 weeks, IQR interquartile range, gr

grams

UmA-PI over the 95th percentile 15% (95% CI 11-20),
MCA-PI below the 5th percentile 9.9% (95% CI 7-14),
CPR below the 5th percentile 16.7% (95% CI 12-22), and
DV-PI over the 95th percentile 0.9% (95% CI 0.2-3). The
median GA at birth for both strategies was 37 weeks (S1
37.8, IQR 35.1-39.4; S2 37.7 IQR 35.9-39).

There were no significant differences in the perinatal
composite outcome between the two strategies (OR 0.99,
95% C10.7-1.5, p 0.98) (Table 2), or in the subgroup analy-
sis (early vs. late diagnosis) (Table 3).

Table 2 Comparison of primary
and secondary outcomes
according to strategy

No differences were found in the rate of operative deliv-
ery (OR 0.93, 95% CI 0.6-1.4, p 0.75) nor in the proportion
of newborns with Apgar score <7 at 5 min (OR 0.69, 95%
CI0.3-1.7, p 0.41) (Tables 2, 3).

There were no differences in the global incidence of
preterm birth (S1: 40%, 95% CI 33-48; S2: 33%, 95% CI
27-39; OR 0.76, 95% CI 0.5-1.2, p 0.19) (Table 2). Sub-
group analysis according to GA at diagnosis showed a trend
for lower rate of preterm birth in the early diagnosis sub-
group for S2, not reaching statistical significance (Table 3).

S1 (n=163) S2 (n=233) OR (95%CI) P value
Primary outcome
Perinatal composite outcome (n, %) 59 (36) 84 (36) 0.99 (0.7-1.5) 0.98
Perinatal death (n, %) 2(1.2) 3(1.3) 1.05 (0.2-5.7) 0.96
NMV (n, %) 13 (8) 12 (5) 0.63 (0.3-1.4) 0.26
Admission to NICU (n, %) 58 (36) 82 (35) 0.98 (0.6-1.5) 0.94
Secondary outcomes
Operative delivery (n, %) 104 (64) 145 (62) 0.93 (0.6-1.4) 0.75
5-min Apgar<7 (n, %) 10 (6) 10 (4.3) 0.69 (0.3-1.7) 0.41
Preterm birth (n, %) 65 (40) 78 (33) 0.76 (0.5-1.2) 0.19
RDS (1, %) 28 (17) 22(9) 0.50 (0.3-0.9) 0.02
Sepsis (n, %) 9 (6) 4(2) 0.30 (0.09-0.9) 0.04
NEC (n, %) 1 (0.6) 0(0) NS 0.41
IVH (n, %) 2(1.2) 2(0.9) NS 1

The results are expressed with absolute and relative frequencies (%)

Perinatal composite outcome considered positive when at least one of the following events occurred: NMV,
need for NICU, or perinatal death. S/ strategy 1, S2 strategy 2. OR odds ratio comparing Strategy 2 with
1, 95% CI 95% confidence interval, NMVneed for mechanical ventilation, N/ICU neonatal intensive-care
unit, 5-min Apgar<7 Apgar<7 at 5 min, RDS respiratory distress syndrome, NEC necrotizing enterocol-
itis, /VH intraventricular hemorrhage. NS not statistically significant
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Table 3 Comparison of primary and secondary outcomes according
to early and late diagnosis

S1 S2 OR (95% CI) P value

Perinatal composite outcome
Early diagnosis (n, %) 47 (39)
12 (27)

74 (38) 0.93(0.6-1.5) 0.76
Late diagnosis (1, %) 10 (27) 0.99 (0.4-2.9) 0.98
Operative Delivery

Early diagnosis (n, %) 75 (63) 120 (61) 0.93 (0.6-1.5) 0.75

Late diagnosis (n, %) 29 (66) 25 (67) 1.08 (0.4-2.7) 0.88
5-in Apgar<7

Early diagnosis (n, %) 9(7.6) 9 (4.6) 0.59 (0.2-1.5) 0.28

Late diagnosis (n, %) 1(2.3) 1(2.7) 1.2(0.07-20) 0.90

Preterm birth
Early diagnosis (n, %) 51 (43)
14 (32)

65 (33) 0.66 (0,4-1.1) 0.08
Late diagnosis (1, %) 13 (35) 1.16(0.5-2.9) 0.75
RDS

Early diagnosis (n, %) 26 (22)

Late diagnosis (n, %) 2 (5)
Sepsis

Early diagnosis (n, %) 9 (8) 4(2)

22 (11) 0.45(0.2-0.8) 0.01
0() NS 0.5

0.25 (0.08-0.8) 0.02

Late diagnosis (1, %) 0(0) 0() NS NS
NEC

Early diagnosis (n, %) 1(0.8) 0(0) NS 0.38

Late diagnosis (n, %) 0 (0) 0(0) NS NS
IVH

Early diagnosis (n, %) 1(0.8) 2(1) NS 1

Late diagnosis (n, %) 123) 0(©) NS 1

The results are expressed with absolute and relative frequencies (%)

Perinatal composite outcome Considered positive when at least one
of the following events occurred: NMV, need for NICU, or perinatal
death, NICU neonatal intensive-care unit, NMV need for mechanical
ventilation, Early diagnosis diagnosis of low fetal weight <32 weeks
(S1 n=119, S2 n=196), Late diagnosis diagnosis of low fetal
weight > 32 weeks (S1 n=44, S2 n=37), S1 strategy 1, S2 strategy 2,
OR odds ratio comparing Strategy 2 with 1, 95% CI 95% confidence
interval, 5-min Apgar <7 Apgar <7 at 5 min, RDS respiratory distress
syndrome, NEC necrotizing enterocolitis, /[VH intraventricular hemor-
rhage, NS not statistically significant

In relation to complications of preterm birth, we found
a significant reduction in the incidence of RDS in S2, both
globally (OR 0.50, 95% C10.3-0.9, p 0.02), and in the early
diagnosis subgroup (OR 0.45, 95% CI 0.2-0.8, p 0.01)
(Tables 2, 3). In addition, we observed a significant reduc-
tion in the incidence of sepsis in S2, both globally (OR 0.30,
95% CI 0.09-0.9, p 0.04) and in the early diagnosis sub-
group (OR 0.25, 95% CI1 0.08-0.8, p 0.02) (Table 2, 3).

We did not observe significant differences in the other
prematurity-related complications, such as NEC (p 0.41) and
IVH (p 1.00) (Tables 2, 3).

@ Springer

Discussion

This study provides comparative data on the implementa-
tion of an expanded strategy for the prenatal management of
small fetuses with respect to the traditional one, based exclu-
sively on biometry and umbilical artery Doppler assessment.
There were no differences in the perinatal composite out-
come or preterm birth rate between both strategies. How-
ever, we found a reduction in RDS and sepsis in the cases
managed with the expanded strategy.

Although the composite perinatal outcome rates found in
this study were higher than in previously published studies,
we attribute these differences to the outcome definition. The
PORTO study [28] reported a composite perinatal adverse
outcome of 5.2%, 7 times lower than the present study, but
this included more severe conditions such as death, intra-
ventricular hemorrhage, periventricular leukomalacia,
hypoxic-ischemic encephalopathy, necrotizing enterocolitis,
bronchopulmonary dysplasia, and sepsis. The inclusion of
NICU admission in our study resulted in a higher incidence
of this composite outcome.

The group who initially described S2 published the results
of a cohort of 1197 pregnancies with low fetal weight, in
which they reported a composite adverse outcome rate of
9.7% [29]. Although this composite outcome consisted of
the same variables as our study except for metabolic aci-
dosis, they only included fetuses with late FGR, which are
known to have a lower risk of perinatal complications. As
our study also included early FGR, the global perinatal out-
comes were worse, including a two-to-three times higher
rate of preterm birth.

In our study, we did not observe significant differences
in the preterm birth rate between both strategies. However,
S2 showed a lower incidence of two complications related to
prematurity, such as RDS and sepsis. This could be related
to the fact that S2 provides more information about the fetal
hemodynamic status, which could in turn translate into a
better optimization of the moment of birth.

Strengths and limitations

To the best of our knowledge, this is the first study that com-
pares the perinatal outcomes of two consecutive prenatal
strategies for the management of small fetuses based on an
updated definition of FGR which included not only late-
onset but also early diagnosed FGRs. Another strength is
that this study included a considerable number of pregnan-
cies with low fetal weight, with a low percentage of loss to
follow-up.

However, this study also has several limitations. Since
the Delphi consensus [3] was published after the implemen-
tation of the S2, the decrease of more than 50 percentile
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points of EFW was not taken into account for the diagnosis
of FGR in either of the two strategies unless it met some
criteria described in each protocol. Due to the study design,
the results could have been influenced by a temporal bias
related to potential changes in the neonatal protocols. Since
it was an observational study, there may be unmeasured con-
founding influencing the results. Additionally, this study did
not evaluate the possible effects of these interventions in the
medium and long term, such as cardio-metabolic changes
and neurocognitive development.

Conclusion

The implementation of an expanded strategy for the manage-
ment of small fetuses based on the inclusion of additional
Doppler parameters did not show significant differences in
the primary composite outcome, operative delivery rate,
Apgar <7 at 5 min, or the proportion of preterm birth when
compared with a strategy based exclusively on fetal biom-
etry and umbilical artery Doppler. However, the expanded
strategy was associated with a lower incidence of RDS and
neonatal sepsis, possibly related to an optimization in ges-
tational age at birth according to risk.

The use of additional Doppler parameters such as UtA-
PI, MCA-PI, and CPR included in an updated definition of
FGR, together with a standardized management algorithm,
may improve the detection of small fetuses with a higher risk
of complications and consequently improve their perinatal
outcomes.

Additional studies are warranted to validate these results
in other populations.
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