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Background: Adiagnosis of Silver–Russell syndrome (SRS), a rare imprinting disorder
responsible for foetal growth restriction, is considered for patients presenting at least
four criteria of the Netchine-Harbison clinical scoring system (NH-CSS). Certain
items of the NH-CSS are not assessable until the age of 2 years. The objective was
to determine perinatal characteristics of childrenwith SRS to allowan early diagnosis.
Methods: We retrospectively compared the perinatal characteristics of children
with SRS (n= 17) with those of newborns small for gestational age (SGA) due
to placental insufficiency (PI) (n= 21).
Results: Children with SRS showed earlier and more severely altered foetal
biometry than SGA newborns due to PI. Twenty-three percent of patients with
SRS showed uterine artery Doppler anomalies. SRS children were significantly
smaller at birth (birth length <-3 SDS in 77% of cases in the SRS group vs. 15%
in the PI group, p= 0.0001).
Conclusion: The diagnosis of SRS must be evoked in the neonatal period for SGA
newborns with a growth delay present from the second trimester of pregnancy, a
birth length <-3 SDS and a relative macrocephaly. Doppler anomalies, classically
used to orient the cause of SGA towards PI, did not rule out the diagnosis of SRS.
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foetal growth restriction (FGR), small for gestation age (SGA), Silver–Russel syndrome,
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Introduction

Foetal growth restriction (FGR), defined as a failure of the foetus to reach its

genetically determined growth potential, is one of the most common causes of perinatal

mortality and morbidity (1). The definition of FGR is debated and includes children

with intrauterine growth restriction (IUGR) and those born small for gestational age

(SGA), defined by a birth weight (BW) and/or birth length (BL) below the 10th

percentile of a given reference by neonatologists (2, 3) or a standard deviation score

(SDS) ≤2 for BW and/or BL by endocrinologists (4). In industrialised countries, the

prevalence of children born SGA is estimated to be 10.8% (5).

Placental vascular insufficiency, defined as the inability of the placenta to provide

sufficient nutrients and oxygen to the foetus for growth and development, is the most

common cause of intrauterine growth retardation and is associated with neonatal

morbidity and mortality (6).

However, FGR can result from multiple causes, such as genetic, epigenetic, or

hormonal regulation (3). Parental imprinting, an epigenetic mechanism that refers to
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the monoallelic silencing of genes according to their parental

origin, is known to play an important role in foetal growth (7).

Silver-Russell syndrome (SRS) is a rare imprinting disorder

characterised by foetal and postnatal growth restriction and

feeding difficulties requiring specific multidisciplinary care (8). A

clinical diagnosis of SRS is considered if a patient presents with

at least four of the six criteria of the Netchine–Harbison clinical

scoring system (NH-CSS) (8, 9), which includes pre- and

postnatal growth retardation, relative macrocephaly at birth, body

asymmetry, protruding forehead, and early feeding difficulties

(Supplementary Table SD1, Supplemental Data). Epimutation,

resulting in the loss of methylation (LOM) of the H19/IGF2

intergenic differentially methylated region (IG-DMR) is identified

in 50% of SRS patients (8). Certain items in the NH-CSS are not

assessable until the age of 2 years, such as growth retardation or

feeding difficulties. Moreover, body asymmetry can be difficult to

identify in the first months of life. Without these items, children

with SRS may not meet the four criteria required for a clinical

diagnosis of SRS and may not undergo the molecular

investigations recommended in the international consensus

statement on the diagnosis and management of SRS (8). An

adapted threshold for molecular testing may be required for

children aged under 2 years.

Children born with SRS due to LOM of the H19/IGF2 IG-DMR

have severe IUGR with mean BW −3.5 SDS, mean BL −4.1 SDS

with relative macrocephaly at birth (mean birth HC −0.5 SDS) (10).

Children born with severe SGA (<3rd percentile) due to placental

insufficiency (PI) and those with SRS share many common features

during the perinatal period, such as the presence of a relatively

preserved head circumference (HC) at birth. However, children born

SGA due to SRS have a different evolution than children born SGA

due to PI and require appropriate follow-up and management. It is

therefore important to be able to make the diagnosis of SRS as early

as possible.

The objective of our study was to determine perinatal

characteristics of children with SRS in order to differentiate children

with SRS and those with severe FGR due to vascular PI, the main

differential diagnosis in neonatal period, to allow earlier clinical

and/or molecular diagnosis of SRS and its subsequent management.
Materials and methods

Study design and participants

We conducted a non-interventional study based on data

collected from medical and obstetrical records and retrospectively

compared the perinatal characteristics of children with SRS to

those of children born SGA due to PI.

All SRS patients had molecularly confirmed SRS (IGF2/H19:

IG-DMR LOM) and were either followed in our clinic or referred

by other clinical centres for molecular analysis. Each patient had

been examined by a geneticist and/or paediatric endocrinologist.

A clinical file, including extensive clinical data, growth charts, a

detailed phenotypic description, and pictures, was completed for

all patients.
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SGA children were considered to have SGA due to PI when

they had a BW and/or BL <3rd percentile with a HC at birth

>10th percentile, histologically confirmed placental vascular

lesions (hypotrophic placenta with foci of thrombosis or

haemorrhage or territories of placental malperfusion) and

achieved catch up growth without growth hormone therapy

before the age of two years. All patients were followed in our clinic.
Clinical assessment and definition

The estimated foetal weight (EFW) was calculated according to

Hadlock’s formula (11). Foetal biometric parameters (abdominal

circumference, femoral length, biparietal diameter) are expressed

as a percentile according to the French College of Foetal

Ultrasound reference curve.

Doppler ultrasound data, for assessing placental function,

included umbilical artery resistance index and uterine artery

resistance index and functional parameters such as Doppler

waveform analysis (umbilical artery).

Length, weight, and HC at birth are expressed as a percentile

according to Audipog morphometry curves (12) and as a SDS

according to Usher and McLean charts (13). Post-natal growth

parameters are expressed as a SDS according to Sempé French

charts (14). The body mass index (BMI) is expressed as a SDS

according to Rolland-Cachera French charts (15).

The NH-CSS was applied to each of the SRS patients (9). This

scoring system defines a suspicion of SRS if at least four of the six

following criteria are met: being born SGA (SDS ≤−2.0 for BW

and/or BL for gestational age), postnatal growth failure (SDS

≤−2.0 for height at 24 months or SDS ≤−2.0 for height from

the midparental target height), relative macrocephaly at birth

(SDS ≥1.5 for HC at birth above the BW and/or BL), protruding

forehead (forehead projecting beyond the facial plane on a side

view as a toddler), body asymmetry and low BMI (SDS ≤−2.0
for BMI at 24 months), and/or feeding difficulties defined

by the use of a feeding tube and/or cyproheptadine for

appetite stimulation.
Statistical analysis

Qualitative variables are described as numbers (percentage)

and quantitative variables as medians (IQR). The characteristics

of SRS and PI-IUGR patients were compared using Fisher’s exact

tests performed for qualitative variables and Mann-Whitney tests

for quantitative variables. P values of <0.05 were considered

statistically significant. All analyses were performed using

GraphPad Prism 6.
Ethical approval

This study received approval by the Research Ethics

Committee of the French Pediatric Society (Opinion number:

CER_SFP_2020_125_2) on February 11, 2021. Written informed
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consent for participation was received from parents of all patients,

in accordance with French national ethics rules for patients

recruited in France.
Results

Patient characteristics

Seventeen SRS patients with IGF2/H19: IG-DMR LOM and 21

with SGA due to PI were included. The characteristics of the

patients are presented in Table 1.

All SRS patients had a NH-CSS ≥4/6 at the time of inclusion

(Supplementary Table SD2). The median age at molecular

diagnosis of SRS was 16 months (4 months to 13 years), with a

mean methylation index ranging from 8% to 40%. Eighty-eight

percent of the SRS children were under 4 years of age at the time

of diagnosis.

Twelve SRS patients (71%) and three PI patients (14%)

underwent an invasive prenatal investigation to determine the

cause of SGA (FISH (fluorescence in situ hybridisation),

karyotype, CGH (genomic hybridisation array), and CMV PCR

(cytomegalovirus polymerase chain reaction).
TABLE 1 Patient characteristics.

PI children (N = 21) SRS children
(N = 17)

p

Age at inclusion (in months)
Mean 61 89 0.50

Min-max 38–83 11–187

Sex
Male 13 (62%) 9 (53%) 0.75

Female 8 (38%) 8 (47%)

Pregnancy
Single 14 (67%) 15 (88%) 0.15

Multiple 7 (33%) 2 (12%)

Birth term (weeks of amenorrhea)
Median 37 37 1

Min-max 27–41 28–39

Birth term (weeks of amenorrhea)
≥37 WA 13 (62%) 10 (59%) 0.74

32–36 + 6 WA 6 (28%) 4 (23%)

28–33 + 6 WA 1 (5%) 2 (12%)

24–27 + 6 WA 1 (5%) 1 (6%)

Medically assisted procreation
No 6 (29%) 1 (6%) 0.64

Yes 15 (71%) 7 (41%)

NA 0 (0%) 9 (53%)

Labour
Spontaneous 3 (14%) 2 (12%) 1

Induced 18 (86%) 15 (88%)

Delivery
Vaginal delivery 6 (29%) 6 (35%) 0.74

Caesarean section 15 (71%) 11 (65%)

Amniocentesis 3 (14%) 12 (71%) 0.01*

NA, data not available; WA, weeks of amenorrhea.

*p < 0.05.
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Foetal biometric parameters

The estimations of foetal biometric parameters are presented in

Figure 1 and Supplemental Data (Supplementary Tables SD3,

SD4). Patients with SRS had lower foetal biometric parameters

than those with SGA due to PI. Indeed, from the obstetric

ultrasound performed at 22 weeks of amenorrhea (WA), patients

with SRS had a lower estimated foetal weight (EFW) than

children in the PI group (365 vs. 494 g, p < 0.001; 0 vs. 13th

percentile, p < 0.001), as well as a lower abdominal circumference

(149 vs. 175 mm, p < 0.001; 2nd vs. 25th percentile, p < 0.001)

and shorter femoral length (34 vs. 38.3 mm, p = 0.01; 2nd vs.

20th percentile, p = 0.01).

The same results were observed at the obstetric ultrasound

performed between 31 and 33 WA, with a lower percentile EFW

for SRS patients than that for PI children (0 vs. 8th percentile,

p < 0.001), as well as a lower estimated abdominal circumference

(2nd vs. 29th percentile, p < 0.001) and shorter femoral length

(0.5 vs. 9th percentile, p = 0.01).

There was no statistically significant difference between the two

groups concerning the measurement of the biparietal diameter or

HC at the obstetric ultrasound performed at 22 WA or between

31 and 33 WA.
Doppler velocimetry

There was no significant difference in Doppler velocimetry

between the two groups (Table 2). Twenty-three percent of SRS

patients had abnormal uterine artery Doppler velocimetry with a

resistance index (RI) >0.65 and the presence of diastolic notches

at obstetric ultrasound performed at 22 WA.

Two SRS patients had abnormal uterine artery Doppler

velocimetry with a RI >0.65 at obstetric ultrasound performed

between 31 and 33 WA and the presence of diastolic notches.
Placental pathology analysis

Placental pathology reports were available for two SRS patients

(one patient had abnormal uterine Doppler velocimetry). No

histologically confirmed placental vascular lesions were described

for these two patients. One was described as hypotrophic with

early chorioamniotitis without a foetal inflammatory response

and the other had focal lesions of chronic lymphocytic villitis of

unknown aetiology.
Biometric parameters at birth

The biometric parameters at birth of children included in our

study are presented in Figure 2 and supplemental data

(Supplementary Table SD5). SRS children were significantly smaller

at birth SDS (≤3.0 for BL in 77% of cases in the SRS group vs.

15% in the PI group, p = 0.0001). Ten patients of the SRS group

(58%) had a SDS ≤4.0 for BL vs. none in the PI group (p < 10−5).
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FIGURE 1

Comparison of the estimated foetal weight (EFW), abdominal circumference (AC), and femur length (FL) in grams and/or millimetres and percentiles at
obstetric ultrasound performed at 22 WA (A) and 31-33 WA (B) between the two groups. Bars represent the median and 95% confidence interval. *p < 0.05.

TABLE 2 Comparison of Doppler velocimetry between the two groups.

PI children
(N = 17)

SRS children
(N = 21)

p

Umbilical artery resistance index at obstetric ultrasound performed between 31 and 33 WA (N: 0.66 ± 0.05) 0.68 [0.52; 0.95] 0.69 [0.63; 1.02] 0.28

Uterine artery resistance index >0.65 at obstetric ultrasound performed at 22 WA 7/13 (54%) 3/13 (23%) 0.23

Uterine artery resistance index >0.65 at obstetric ultrasound performed between 31 and 33 WA 2/9 (22%) 2/4 (50%) 0.53

Diastolic notch at obstetric ultrasound performed at 22 WA 3/13 (23%) 3/13 (23%) 1

Diastolic notch at obstetric ultrasound performed between 31 and 33 WA 3/9 (33%) 2/4 (50%) 0.99

WA, weeks of amenorrhea; [xx; xx]: Min—max.
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All SRS patients met the definition of relative macrocephaly as

defined in the NH-CSS, in contrast to patients in the PI group

(13/22 or 59% of cases, p = 0.01).
Other clinical characteristics

Half of the SRS children (53%) required enteral feeding through

a nasogastric tube. SRS children were more difficult to wean from

their tube than children in the PI group, with a longer median

duration of enteral feeding (18 vs. 10 days, p = 0.05) and a later

recovery of birth weight (Day 7 vs. Day 4, p = 0.01).

Retrospective analysis of birth photographs revealed a

protruding forehead in 73% of SRS children. Parents of SRS

children described body asymmetry in 27% of them from birth.

Of the 17 SRS children, three had external genitalia

abnormalities at birth: one had bilateral cryptorchidism and one

had hypospadias associated with bilateral cryptorchidism.
Frontiers in Pediatrics 04
One child had bilateral 5th finger clinodactyly, and another had

syndactyly of the toes.
Discussion

Here, we report, for the first time, that SRS children have

early and severely altered foetal biometric parameters relative to

SGA children due to PI. SRS children were smaller at birth (SDS

≤-3 for BL in 77% of cases in the SRS group vs. 15% in the PI

group, p = 0.01), with relative macrocephaly, as defined by the

NH-CSS, for 100% of the SRS children vs. 59% in the PI

group (p = 0.01). The presence of uterine artery Doppler anomalies,

a parameter classically used to orient the cause of FGR towards

placental vascular insufficiency (1), did not rule out a diagnosis of

SRS, as 23% of patients with SRS showed vascular anomalies.

The main limitation of our study was the small number of

patients included. However, SRS is a rare disease and we still
frontiersin.org
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FIGURE 2

Comparison of the birth weight (BW), birth length (BL), and head circumference (HC) at birth in SDS and percentiles between the two groups. Bars
represent the median and 95% confidence interval. *p < 0.05.
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succeeded in collecting the complete data for 17 SRS children. To

homogenise the SRS group, we included only patients with H19/

IGF2: IG-DMR LOM, the most common molecular abnormality

of SRS patients (8).

Children with SRS and those with SGA due to PI all had a

relatively preserved HC at birth, but relative macrocephaly, as

defined by the NH-CSS, was universal in the SRS group, in

contrast to the PI group. The relative macrocephaly observed for
Frontiers in Pediatrics 05
children with SRS is hypothesised to be due to the biallelic

expression of IGF2 in the parts of the brain in which IGF2 is not

imprinted (16). Therefore, IGF2/H19: IG-DMR LOM on the

paternal allele would have little impact on brain development

and would explain why the median birth HC of children with

SRS was close to the mean, with an SDS of −0.2. The

mechanism of preservation of HC in the SGA fetus due to PI is

different. Chronic intrauterine hypoxia and FGR induce an
frontiersin.org

https://doi.org/10.3389/fped.2024.1367433
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Darneau et al. 10.3389/fped.2024.1367433
adaptive response of the fetus in which the cardiac output is

redistributed to favour the vital organs, including the brain. Despite

such an adaptive response, it is now apparent that brain sparing

does not ensure normal brain development in growth restricted

foetuses, who show a reduction in brain volume and total cell

number and altered cortical grey matter and myelination (17).

Our study did not show a higher rate of medically assisted

reproduction pregnancies for SRS children relative to PI children,

probably because of the large amount of missing data for the

SRS children (53%). However, recent studies suggest that

medically assisted reproduction may alter genomic imprinting by

interfering with gametogenesis and early preimplantation of the

embryo (18).

Most SRS children underwent an invasive investigation to

determine the cause of SGA. Indeed, IUGR due to PI usually has

a late-onset and guidelines recommend investigating severe and

early-onset IUGR (19). In our study, no cause had been found to

explain IUGR among the SRS children. Currently, DNA

methylation analysis of amniotic fluid spanning imprinted loci

on chromosomes 7, 11, and 14 (the main molecular causes of

SRS) is not validated, mainly because H19/IGF2:-DMR LOM

varies between tissues or may have a mosaic distribution and

thus might escape molecular detection (20). In cases of low-level

mosaicism, a false-negative result may occur. On the other hand,

a false-positive result is not excluded, because, thus far, there is

no consensus on the target methylated DMRs in amniotic fluid

in imprinting disorder testing (20). In our study, none of the

SRS patients had had prenatal DNA methylation analysis.

Our study also showed that the morphological features of SRS,

such as protruding forehead and body asymmetry, can be present

from the neonatal period. When parents of SRS children were re-

interviewed and asked for photographs of their children at birth,

73% were retrospectively identified with a protruding forehead

and 27% had body asymmetry.

Finally, it is important to systematically retrieve the placental

pathology report to confirm or refute the diagnosis of PI. In our

study, no vascular lesions were described in the placenta of SRS

patients. According to our results, a Japanese study of 138

patients with SRS reported a placental hypoplasia with mean

placental weight −2.1 SDS (10). However, authors didn’t realize

histologic description of these placentas. In another Japanese

study, Yamazawa et al. described a mean placental weight of

−1.8 SDS in SRS children with 11p15 epimutation small placenta

with hypoplastic chorionic villi frequently identified in

histology (21).
Conclusion

The diagnosis of SRS must be evoked in the neonatal period for

newborns born SGA presenting a growth delay present from the

second trimester of pregnancy with a SDS ≤-3 for BL and

relative macrocephaly. Our study suggests the importance of

expressing birth biometric parameters as a SDS, and not only

percentiles, to allow neonatologists to diagnose relative

macrocephaly (defined as a SDS ≥1.5 for HC at birth). Doppler
Frontiers in Pediatrics 06
anomalies should not systematically lead to a diagnosis of

placental vascular insufficiency and a diagnosis of PI should be

questioned in the absence of histologically confirmed placental

vascular lesion. Other clinical signs in favour of a diagnosis of

SRS, such as a protruding forehead and body asymmetry, may be

present from birth, and have to been researched in neonate with

severe SGA. Neonates with severe SGA, relative macrocephaly

and absence of histologically confirmed placental vascular lesion

have to been referred to expert center to discuss molecular

investigation to allow an early diagnosis of SRS.
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