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Abstract Objective We sought to investigate the positive predictive value of ultrasound-
diagnosed fetal growth restriction (FGR) for estimating small for gestational age
(SGA) at birth. Secondary objectives were to describe clinical interventions performed
as a result of FGR diagnosis.
Study Design This was a retrospective cohort of pregnancies diagnosedwith FGR over
3 years at a single institution. Maternal demographics, antenatal and delivery data, and
neonatal data were collected. Descriptive statistics and linear regression were
conducted.
Results We included 406 pregnancies with diagnosis of FGR in second or third
trimester. Median birth weight percentile was 17 (interquartile range: 5–50) and only
35.0% of these fetuses were SGA at birth. The positive predictive value of a final growth
ultrasound below the 10th percentile for SGA at birth was 56.9%. Patients averaged
eight additional growth ultrasounds following FGR diagnosis. One hundred and
fourteen (28.1%) received antenatal steroids prior to delivery, and 100% of those
delivered after more than 7 days following administration. There were 6 fetal deaths
and 14 neonatal deaths.
Conclusion In the majority of cases, pregnancies diagnosed with FGR during screen-
ing ultrasounds resulted in normally grown neonates and term deliveries. These
patients may be receiving unnecessary ultrasounds and premature courses of
corticosteroids.
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Fetal growth restriction (FGR) is a clinically significant
diagnosis that is commonly defined as an estimated fetal
weight (EFW) below the 10th percentile for gestational age
by the Society forMaternal-FetalMedicine (SMFM).1As such,
10% of pregnancies will carry out this diagnosis, which is
associatedwith an increased riskof stillbirth, neonatal death,
hypoxic ischemic encephalopathy, and cerebral palsy.2–5

According to one study, perinatal mortality rates are esti-
mated at 5 per 1,000 births for fetuses diagnosed prenatally
with FGR, with perinatal death occurring between 246/7 and
35 weeks’ gestation.6 Of growth-restricted fetuses who are
small for gestational age (SGA) at birth, the neonatal mortal-
ity rate is 2.8 per 1,000 at term. The mortality rate
approaches 60 per 1,000 for those delivered prematurely.7

Approximately 20% of FGR cases are attributed to chromo-
somal disorders and congenital malformations, contributing
to the high morbidity and mortality associated with FGR.8,9

The current approach for the diagnosis and management of
FGR is not standardized, making it challenging for providers
to balance the risks of FGR with the risks of more frequent
prenatal monitoring. Therefore, it is important to better
understand the utility of screening growth ultrasounds in
identifying sustained FGR, predicting the birth of an SGA
neonate, and preventing fetal morbidity and mortality.

Current guidelines recommend screening for FGR using
fundal height measurements as a proxy for estimated fetal
size throughout pregnancy; however, the sensitivity of fun-
dal height measurement is significantly reduced with com-
mon maternal conditions such as obesity or uterine
fibroids.2,10 Ultrasound is useful to estimate fetal weight in
cases where fundal height is suboptimal or abnormal, as well
as in pregnancies at increased risk for FGR. The percent error
between EFW by ultrasound and birth weight can be as high
as 20%, leading to both false positives and missed diagnoses.
This error can be attributed to resolution of ultrasound
images and the type and number of anatomic parameters
measured.11 Over the past 10 years, the total number of
ultrasound examinations performed during a pregnancy has
continued to increase.12,13 One study found that the average
number of ultrasounds per pregnancy across the United
States has increased from 1.5 to 2.7 between 1995 and
2006. For high-risk pregnancies, the average number of
ultrasounds increased from 2.2 to 4.2.12 Routine use of
screening growth ultrasounds has been found to increase
detection rates of FGR, which has been associated with
increased rates of preterm induction of labor and cesarean
deliveries, without decreasing the rate of adverse perinatal
outcomes.14–16Wedo acknowledge that there is currently no
universally accepted growth curve for diagnosing FGR in the
antenatal period which contributes to the variability in
detection rates and establishing universal protocols for
screening andmanagement. This study sought to investigate
the positive predictive value of ultrasound-diagnosed FGR in
the second or third trimester for persistent growth restric-
tion at birth. Our secondary objectives were to describe the
clinical interventions performed as a result of FGR diagnosis,
including antenatal corticosteroid administration and addi-
tional growth ultrasounds.

Materials and Methods

We conducted a retrospective review of all pregnancies
diagnosed with FGR by the Division of Maternal-Fetal Medi-
cine at Vanderbilt University Medical Center from January 1,
2014, to December 31, 2016. The Vanderbilt Institutional
Review Board approved this study on February 10, 2017 (IRB
#170218). Pregnancies with the ultrasound finding of EFW
below the 10th percentile for gestational agewere identified
within our ultrasound database, and those with first
or second trimester ultrasound confirming accurate dating
were included. EFW percentile was calculated using the
Hadlock formula. Pregnancies with known fetal structural
or chromosomal abnormalities were excluded. Fenton
growth curves were used for preterm infants and the World
Health Organization growth curves were used for term
infants to define SGA.

During the time period of this study, it was our practice
to obtain growth ultrasounds at 4-week intervals for
patients with medical comorbidities complicating their
pregnancy that put them at risk for pregnancies complicat-
ed by FGR, or in whom fundal height measurement was
suboptimal due to maternal obesity or uterine anomalies.
Following FGR diagnosis, we increased the frequency of
growth assessment to 3-week intervals, initiated twice
weekly antenatal surveillance with biophysical profile
(BPP) or fetal nonstress test (NST), and obtained weekly
umbilical artery Doppler assessment.

Our primary outcome was percentage of FGR pregnancies
that resulted in a SGA neonate. Diagnosis of SGA was made
utilizing the birth weight recorded for the neonate in the
electronic medical record (EMR). Maternal data, including
maternal demographics and comorbidities, were also col-
lected from the EMR. We additionally collected data on
antenatal corticosteroid administration, BPP scores, fetal
NST results, and umbilical artery Doppler assessments in
patients who received such interventions or surveillance
procedures. All data were stored in a secure REDCap data-
base.17 Descriptive statistics were conducted using the
Kruskal–Wallis’ test and Spearman’s rank correlation. Statis-
tical significance was set a priori at p<0.05.

Results

Growth Restriction throughout Pregnancy
We identified 406 cases of FGR during our study period that
met inclusion criteria. Thirty-seven (9.1%) were twin preg-
nancies. Twin pregnancies were treated as individual fetuses
with regard to data analysis. Baseline maternal character-
istics are shown in ►Table 1. The most common maternal
medical comorbidities were obesity (44%), maternal tobacco
use (19%), congenital infection (11%), and hypertension
(10%). Maternal medical comorbidities were absent in 35%
of our population. Themedian gestational age at diagnosis of
FGR was 25 weeks (interquartile range [IQR]: 20–31).
The median EFW percentile at diagnosis was 7 (IQR: 5–8).
The median birth weight percentile of our cohort was 17
(IQR: 5–50).
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Within our cohort of pregnancies complicated by FGR, 65%
(264) of neonates were normally grown at birth or above the
sex-specific 10th percentile for birth weight. Fifty-one per-
cent (209) of our cohort had EFWs below the 10th percentile
at the final documented growth ultrasound prior to delivery,
and of those pregnancies, 119 were born SGA. We calculated
that the positive predictive value of afinal growth ultrasound
EFW below the 10th percentile for predicting SGA at birth
was 56.9%. The mean EFW percentile at final growth ultra-
sound for fetuses that were FGR at final ultrasound and in
fact SGA at birth was 4.3�1.8, which was significantly lower
(p<0.001) than the mean EFW percentile for fetuses that
were FGR at final ultrasound and not SGA at birth (6.2�2.3).

Clinical Interventions
The median total number of ultrasound examinations, in-
cluding studies for growth, BPP, and Doppler assessment,
performed during each FGR pregnancy was 8 (IQR: 6–11).
Most patients had two (20%), three (27%), or four (23%)
growth ultrasounds during their pregnancy. We performed
five or more growth ultrasounds in 77 patients (19%). Final

growth ultrasound occurred at a median gestational age of
35weeks (IQR: 33–37). Regression analysis found no statisti-
cally significant relationship between the gestational age at
delivery and total number of growth ultrasounds.

In our cohort, 114 patients (28%) received a course of
antenatal corticosteroids, with 96% completing the two-dose
course prior to delivery. All of these patients remained
pregnant more than 7 days after administration of steroid
course. Among patients who received antenatal corticoste-
roids, 21 (15%) received a second “rescue course” of antenatal
corticosteroids. The median gestational age for the initial
course of steroids was 30 weeks (IQR: 26–32) with a median
of 21 days (IQR: 3–47) between the first day of receiving
betamethasone and date of delivery. Six patients (27%) of
those who received a “rescue course” remained pregnant
more than 7 days after the initiation of the steroid course,
without indication for delivery or onset of labor. The median
interval between rescue course and deliverywas 4 days (IQR:
1–15). Median gestational age at delivery for all patients
who received antenatal corticosteroids was 34 weeks (IQR:
32–37). Of the 114 patients who received antenatal steroids,
84 (74%) delivered prior to 37 weeks’ gestation.

Delivery and Neonatal Outcomes
Themedian gestational age at delivery amongour cohort was
38 weeks (IQR: 36–39). Thirty-two percent (130) patients
delivered preterm. Twenty-two percent of pregnancies de-
livered in the setting of spontaneous labor. Indications for
delivery were characterized as fetal in 48% and maternal in
30% of pregnancies (►Table 2). The most common indica-
tions for delivery, excluding the population that went into
spontaneous labor, included scheduled induction of labor
(30%), scheduled repeat cesarean section (17%),

Table 1 Maternal demographic data and comorbidities
(N¼ 406)

Age at EDD, mean� SD 28.69� 6.83

Gravidity, mean� SD 2� 1.6

Parity, mean� SD 1� 1.2

BMI, mean� SD 29.8� 7.67

Race, n (%)

Caucasian 258 (63.5%)

African American 68 (16.7%)

Asian 33 (8.1%)

Other 47 (11.7%)

Maternal comorbidities

None 143 (35.2%)

Obesity 178 (43.8%)

Tobacco use 75 (18.5%)

Congenital infection 46 (11.3%)

Hypertension 41 (10.1%)

Asthma 38 (9.4%)

Hypothyroidism 31 (7.6%)

Diabetes 15 (3.7%)

Cardiac disease 13 (3.2%)

Uterine anomalies 13 (3.2%)

Seizure disorder 12 (3.0%)

Fibroids 11 (2.7%)

Hyperthyroidism 6 (1.5%)

Lupus 3 (0.7%)

Abbreviations: BMI, body mass index; EDD, estimated delivery date; SD,
standard deviation.

Table 2 Indications for delivery, excluding spontaneous labor
(N¼ 316)

Maternal indications n (%)

Scheduled repeat cesarean section 53 (16.8%)

Preeclampsia or gestational hypertension 44 (13.9%)

Medical comorbidities (e.g., lupus, sickle cell
disease, chronic hypertension)

16 (5.1%)

Poorly controlled diabetes mellitus 5 (1.6%)

Placental abnormalities 3 (0.9%)

Fetal indications

Scheduled induction of labor 93 (29.4%)

Abnormal growth interval 30 (9.5%)

Oligohydramnios 22 (7.0%)

Abnormal nonstress test 19 (6.0%)

Abnormal umbilical artery Doppler
ultrasounds

18 (5.7%)

Abnormal biophysical profile 8 (2.5%)

Fetal demise 4 (1.3%)

Decreased fetal movement at term 1 (0.3%)
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preeclampsia or gestational hypertension (14%), and abnor-
mal growth interval (10%). Therewere six cases (1.5%) of fetal
demise in our study population. Median gestational age at
fetal demisewas 31weeks (IQR: 27–33.5). All six pregnancies
were complicated by maternal obesity. One pregnancy had
multiple gestations. Four of these patients were prescribed a
steroid course. Five of the fetal demises (83.3%) were SGA at
delivery.

There were 14 cases (3.4%) of neonatal demise in our
study population. The median gestational age at delivery for
these neonates was 33.5 weeks (IQR: 26.8–35), and 9 (64.3%)
were SGA at birth. Themost commonneonatal complications
among all pregnancies were neonatal intensive care unit
admission (34%), hyperbilirubinemia (27%), hypothermia
(12%), and respiratory distress syndrome (10%). As expected,
all neonatal complications were significantly more likely in
cases of earlier gestational age at delivery (p<0.001).

Discussion

Our study highlights the diagnostic challenges and clinical
implications associated with diagnosing FGR during screen-
ing growth ultrasounds. In our study, patients had a median
of eight ultrasound examinations, which is twice the esti-
mated average number of ultrasounds per high-risk preg-
nancy in the United States.12 This is likely because following
FGR diagnosis, patients underwent twice weekly fetal sur-
veillance, including at least weekly ultrasounds for BPP and
Doppler assessment, in adherence with established clinical
guidelines.1 Interestingly, the majority of fetuses diagnosed
with FGR were normally grown at birth, with only 35%
delivering SGA. Similar findings were published from a
study conducted in France, which found that 21.7% of SGA
neonates were diagnosed of FGR during pregnancy.14 Addi-
tionally, Sovio et al found that the positive predictive value
for SGA after an ultrasound diagnosis of FGR is estimated to
be only approximately 50%.15 Our results support these
prior publications as we calculated a positive predictive
value of 56.9%, which further contributes to the available
evidence that screening growth ultrasounds may be rela-
tively imprecise tools for predicting underweight neonates.
We did find that of the fetuses that were FGR at final growth
ultrasound, the ones who were SGA had an EFW below the
fifth percentile, while the ones who were not SGA had an
EFW above the fifth percentile. Studies have found that EFW
below fifth percentile has higher morbidity and a stillbirth
as high as 2.5%.2,18

The American College of Obstetricians and Gynecologists
recommends corticosteroid administration when delivery is
imminent and gestational age is between 240/7 and 366/7

weeks to reduce the risk of respiratory distress syndrome,
intracranial hemorrhage, necrotizing enterocolitis, and peri-
natal death.19 SMFM recommends antenatal corticosteroids
if delivery is anticipated before 336/7 weeks’ gestation or for
pregnancies between 340/7 and 366/7 weeks that are at risk of
preterm delivery within 7 days.1 Maximum benefit has been
shown for neonates in whom delivery occurs 2 to 7 days
following steroid administration.20,21 The median gestation-

al age for the initial course of steroids was 30 weeks (IQR:
26–32) in our population. Our results were consistent with
prior studies that have reported a high incidence (55–80%) of
premature steroid dosing in patients at risk for preterm
delivery.22,23 We acknowledge that our data collection
spanned the time during which the Antenatal Late Preterm
Steroids trial was published and those results may have
impacted our clinical practice for fetuses between 340/7

and 366/7 weeks.24

Prior studies have found that FGR is an important risk
factor for unexplained intrauterine death. One study found
52% of unexplained stillbirths were growth restricted.25

Another high-powered study found a perinatal mortality
rate of 5.4/1,000 births among pregnancies complicated by
FGR.6 In our study, 1.5% of pregnancies were complicated by
fetal demise. Five of the six demised pregnancies remained
growth restricted at the time of death. SMFM recommends
delivery at 38 to 39 weeks of gestation with FGR and normal
umbilical artery Doppler ultrasound.1 Themedian gestation-
al age at delivery in our population was 38 weeks (IQR:
36–39), which remained the same when 18 fetuses with the
indication of abnormal umbilical arteryDopplers for delivery
were removed from analysis.

Our results and conclusions are limited by the retrospec-
tive nature of our study. We cannot directly compare meth-
ods of screening for and surveillance of FGR at our institution
with alternative practices. We additionally were not able to
compare outcomes of our FGR population to a nongrowth-
restricted population. Despite these limitations, this study
investigated the impact of an FGR diagnosis on a large cohort
of more than 400 pregnancies with a similar incidence of
fetal and neonatal demise to the national perinatal mortality
rate for pregnancies affected by FGR.26

Conclusion

Overall, we found a majority of our pregnancies complicated
by the diagnosis of FGR during routine second and third
trimester screening ultimately had normally grown neo-
nates, with birth weights above the 10th percentile. The
diagnosis of FGR potentially led to excess ultrasound exami-
nations, premature corticosteroid administration, and likely
increased health care costs. Future studies are needed to
compare different methods of screening for abnormal fetal
growth, and to determine the optimal cutoff for diagnosing
FGR that balances the goals of avoiding overtreatment with
reducing the incidence of perinatal and neonatal morbidity
and mortality.
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