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Objectives—To describe the comparative incidence, detection of small-for-
gestational age (SGA), and composite perinatal morbidity (CPM) associated
with diagnostic criteria of fetal growth restriction (FGR) by estimated fetal
weight (EFW) <10% with those with isolated abdominal circumference
(AC) measurements <10%.

Methods—We performed a retrospective cohort study of 1587 patients receiving
prenatal care and delivery at our institution. We included all patients with ultra-
sounds and delivery outcomes available, and excluded terminations, second tri-
mester losses, and pregnancies without ultrasounds. EFW was calculated from
Hadlock and use of the Duryea centiles, and AC from Hadlock’s reference cur-
ves. We determined SGA at birth and defined CPM as birthweight less than 3%
or birthweight less than 10% with neonatal morbidity.

Results—Of 1587 patients, 28 (1.8%) were classified as FGR by EFW <10%.
Three of 12 patients with isolated AC <10% developed EFW <10% later in preg-
nancy (25%). The performance of each diagnostic criteria were comparable for
the outcomes of SGA and CPM, with similar sensitivities, but with decreased
specificity for SGA outcome, and an increased false positive rate for patients clas-
sified as FGR by isolated AC <10, with a tradeoff of decreased false negatives.

Conclusions—Broadening the diagnosis of FGR to include patients with isolated
AC <10 did not significantly increase the detection of pregnancies at risk for
SGA or CPM. Our conclusions may be limited by a lack of statistical power
given a low frequency of SGA and CPM.

Key Words—composite perinatal morbidity; fetal growth restriction; FGR;
growth estimates; small-for-gestational age

restriction (FGR). In October 2020, the Society for

Maternal-Fetal Medicine recommended a change in the
diagnosis of FGR to not only include those fetuses with an
estimated fetal weight (EFW) <10th percentile (EFW <10%), but
also those with an isolated abdominal circumference
(AC) measurement <10th percentile (AC <10%)." This definition
of FGR is currently employed in the United Kingdom” and was

T here is controversy regarding the definition of fetal growth
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quickly adopted by the American College of
Obstetricians and Gynecologists in February of 2021.>

Previous studies have concluded that the mea-
surement of AC alone is equivalent to EFW in
predicting small-for-gestational age (SGA) newborns
(birthweight <10th percentile for gestational age)4’5
and may have increased sensitivity. Additional sup-
port for expanding the definition was an assertion that
isolated AC <10% is uncommon’; however, the inci-
dence of this clinical entity is incompletely described.

A limitation of many published studies examining
either AC or EFW <10% is that many only report a
primary outcome of SGA.**'° Just as defining fetal
growth on centiles by sonographic measurements
may incorrectly diagnose pathology in constitution-
ally small fetuses, this same concern applies to the
small, but healthy, neonate. As noted in a recent edi-
torial, while SGA may be correlated with perinatal
morbidity, it is a poor discriminator of these
outcomes."!

The objective of this pragmatic retrospective
cohort study is to address whether adopting the diag-
nosis of FGR to include isolated AC <10% improves
accuracy of detecting SGA or composite perinatal
morbidity (CPM) and to evaluate population and
pregnancy outcome differences for patients diagnosed
by these two parameters.

Materials and Methods

For the purpose of our analyses, we define multiple
classifiers. EFW <10% was defined as an EFW mea-
suring less than the 10th percentile during an ultra-
sound using Hadlock’s formula and the Duryea
population curve centiles.'>'® Patients were catego-
rized as having an isolated AC <10% when an ultra-
sound measurement of the AC was measured as
<10th percentile where the total EFW was measuring
>10th percentile, with reference to Hadlock popula-
tion curves. SGA was defined as a neonatal
birthweight less than 10th percentile weight for gesta-
tional age by Fenton’s growth chart."* Criteria for a
CPM were met when neonatal birthweight measured
less than the third percentile or when the neonatal
birthweight was SGA and developed >1 concurrent
diagnosis including any of the following conditions:
respiratory distress syndrome, bronchopulmonary

dysplasia, grade III/IV intraventricular hemorrhage,
periventricular leukomalacia, blood culture-positive
sepsis, necrotizing enterocolitis, or fetal or neonatal
death. Birthweight less than the third percentile was
included as a marker of CPM, given significantly
increased rates of adverse perinatal morbidity and
mortality noted at this degree of growth delay, and as
a surrogate of milder morbidity not immediately avail-
able from chart review (eg, neonatal ICU admission,
resuscitation events, hospital readmissions, and neo-
natal length of stay).

Our sample population was drawn from pregnant
patients at our tertiary care academic medical center
with a delivery volume of approximately 2000 deliver-
ies per year. Anatomic surveys and growth ultra-
sounds for patients planning delivery at the hospital
were performed at an outpatient fetal diagnostic unit.
We performed a retrospective cohort study of
patients with anatomic ultrasounds and/or third tri-
mester growth ultrasounds who delivered during a
2-year period (January 6, 2018-December 30, 2019).
This convenience sample was selected to describe the
occurrence of SGA or CPM for all patients whom we
would have reasonably had an opportunity to diag-
nose these conditions over the course of pregnancy
and to include patients previously unclassified as FGR
who would now meet the new criteria for FGR by
isolated AC <10%. All singleton, non-anomalous
pregnancies ongoing beyond the second trimester
anatomic surveys who delivered at our tertiary care
center were included in our analysis. Patients with
early pregnancy loss or termination, or without imag-
ing studies during the incident pregnancy, were
excluded. Multiple gestations and patients with major
fetal anomalies were likewise excluded from this ini-
tial analysis.

At our institution, we employ a risk-based strat-
egy for obtaining third trimester ultrasound which is
common to U.S. academic medical centers. Patients
with low-risk pregnancies are followed in the third tri-
mester by symphysial-fundal height measurement and
a third trimester growth ultrasound is obtained when
fundal height is measuring more than 2 cm different
than weeks of gestation. For patients at high risk for
growth velocity disorders, one-time or serial third tri-
mester growth ultrasounds are ordered beginning
between 28 and 32 weeks gestational age. When serial
growth evaluations were performed, a classification of
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AC <10% or EFW <10% was only obtained based on
the results first growth ultrasound performed. All
charts were reviewed for additional ultrasound data to
assess the frequency at which patients with AC <10%
progressed to FGR by EFW <10%.

Hadlock calculations were used to estimate fetal
weight'” and our institutional practice is to reference
the Duryea population-based growth curve, which is
considered less likely to overestimate the incidence of
FGR."" Hadlock’s reference AC curves were used
to define AC <10%.'¢ Fetal biometry measurements
and umbilical artery Doppler velocimetry studies
(U/A Doppler) were performed by 4 certified obstet-
ric sonographers and/or 2 maternal-fetal medicine
(MFM) fellow physicians and interpreted by MFM
faculty. Prior to December 2019, these measurements
were obtained with General Electric Voluson E8
ultrasound machines, thereafter with Samsung HERA
W10 machines. Through the duration of the study,
patients were clinically diagnosed with FGR when
EFW alone was measuring <10th percentile and these
patients were stratified to more frequent monitoring
with serial growth ultrasound sonography every 3 to
4 weeks in addition to weekly U/A Doppler and ante-
natal testing per our institutional protocols. Patients
with isolated AC <10% did not receive a specific diag-
nosis nor alteration of their care plan. U/A Doppler
studies were not performed for these patients and the
performance of subsequent growth ultrasounds was
dependent on individual risk stratification. The timing
of delivery was informed by the managing physician
and in accordance with the ACOG practice guidelines
for management of FGR.” Our study was conducted
following the publication of the findings from the
Antenatal Late Preterm Steroids trial'” and as such,
preterm and late preterm antenatal steroids were
administered as standard of care when indicated.

Medical, obstetric, ultrasound measurements,
delivery details, and neonatal outcomes were manu-
ally extracted from records for all eligible pregnancies.
All third trimester growth ultrasounds were reviewed
for biometric measurements, EFW percentile, and AC
percentile. Baseline demographics were described and
analyzed for patients with FGR by EFW <10%, iso-
lated AC <10%, and those without concern for FGR
complication during the pregnancy by Pearson Chi-
square test, Fisher’s exact test, and independent-
samples Kruskal-Wallis analysis where appropriate.
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Pregnancy outcomes for these three pregnancy desig-
nations were similarly analyzed by Pearson Chi-
square test, Fisher's exact test, and independent-
samples Kruskal-Wallis test. When differences were
detected between means by independent-samples
test, pairwise comparisons testing for multiple com-
parisons was performed. Student’s t-test was per-
formed for analysis of gestational age at which FGR
would have been diagnosed by ultrasound by each
diagnostic criteria. Accuracy tests for the detection of
SGA and CPM were compared between those
patients meeting the historical definition of FGR by
EFW <10% or those meeting the new definition of
FGR with the addition of patients with isolated AC
<10%. The diagnostic sensitivity, specificity, positive
predictive value, negative predictive value, and false
positive rate for detection of SGA and CPM were
compared between these two diagnostic criteria.
McNemar’s test was performed for comparison of test
characteristics of sensitivity and specificity for each
outcome of interest. The diagnostic accuracy of a
group composed of patients only with isolated AC
<10% was not analyzed as no current management
schema suggest exclusion of EFW <10% in the diag-
nosis of FGR. The study was approved by the Institu-
tional Review Board and was determined to be
exempt status by the Human Subjects Committee.
Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 28.0.

Results

One thousand eight hundred thirty records from
patients who delivered at our institution and received
a charge for an anatomic ultrasound or third trimester
growth ultrasound were obtained. Of this sample,
11 pregnancies were excluded due to termination of
pregnancy, 11 were excluded without a growth or
anatomic ultrasound performed during the pregnancy,
and 2 patients were excluded with a second trimester
loss prior to the anatomic ultrasound during the preg-
nancy, leaving 1806 charts for formal review. Our
data thus included an initial review of 1592 anatomic
surveys and 1699 growth ultrasounds. From the 1806
reviewed charts, 106 were from multiple gestations
and 113 pregnancies were complicated by major fetal
anomalies, resulting in 1587 non-anomalies, singleton
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gestations forming our baseline cohort. From these
1587 pregnancies, 28 (1.8%) patients had a growth
ultrasound performed classifying them as FGR by
EFW <10%. Another 37 (2.3%) pregnancies would
have been additionally categorized as FGR by the
new definition with the inclusion of isolated AC
<10% (Figure 1) for a total of 65 (4.1%) pregnancies
being characterized as FGR by the new criteria of
either EFW <10% or isolated AC <10%. Notably of
the 37 pregnancies who would have been newly clas-
sified as FGR by AC <10%, only 12 patients had addi-
tional ultrasounds with 3 (25%) diagnosed as FGR by
an EFW <10% later in the pregnancy.

The baseline demographic and clinical character-
istics of the included pregnancies are highlighted in
Table 1. Consistent with prior research, chronic
hypertension and preexisting diabetic status were cor-
related with the identification of FGR during the
pregnancy. There were otherwise no significant differ-
ences in baseline characteristics identified in the pop-
ulation of patients who developed FGR by either
EFW <10% or AC <10% from patients with normal
growth parameters without the evidence of FGR.

Pregnancy outcomes are presented in Table 2.
The gestational age at which FGR would have been
detected by isolated AC <10% was not statistically
different from the gestational age at which a diagnosis
of FGR was made by EFW <10%. Independent-
samples Kruskal-Wallis test was performed to com-
pare the effect of FGR status (no concern, EFW
<10% or isolated AC <10%) on birthweight at deliv-
ery and gestational age at delivery which identified a
statistically significant difference between groups. Fur-
ther stepwise analysis revealed that there was a statis-
tically significant difference for patients diagnosed by
EFW <10 from both patients without FGR detected,
and those with isolated AC <10%, with earlier gesta-
tional age at delivery and lower mean birthweight
recorded for patients diagnosed by EFW <10%.
There was alternatively no significant difference in
birthweight or gestational age at delivery from
patients without suspicion of FGR noted for those
patients with AC <10%.

The development of gestational hypertension
was correlated with a diagnosis of FGR by EFW
<10%, but residual analysis by Fisher’s exact test
between groups revealed the development of gesta-
tional hypertension was not significantly different

between pregnancies with no concern for FGR and
those with isolated AC <10%. While the detection of
SGA was significantly different for pregnancies with
either a diagnosis of EFW <10% or AC <10% com-
pared to pregnancies without suspected FGR, there
was a further difference detected in SGA frequency
between groups with EFW <10% when compared
with pregnancies affected by isolated AC <10%. CPM
outcome was correlated with diagnosis of EFW
<10%, but not statistically different from patients
without suspected FGR for pregnancies affected by
isolated AC <10%.

The remainder of our analyses compare all cases
that would have been identified as FGR by the new
criteria (EFW and/or AC <10%) versus those identi-
fied as FGR during the pregnancy by the traditional
diagnostic criteria of EFW <10% only.

SGA was detected at birth or at fetal death exami-
nation in 90 (5.7%) of pregnancies. The traditional
criteria of FGR by EFW <10% identified 21 of these
pregnancies at the first growth ultrasound resulting in
a sensitivity of 23.3% (15.1, 33.4), specificity of 99.5%
(99.0-99.8), positive predictive value of 75.1% (56.7,
87.3), and negative predictive value of 95.6% (95.1,
96.0). By broadening the definition of FGR to include
isolated AC <10%, 6 additional cases of SGA would
have been correctly identified at the first growth ultra-
sound for a total of 27 neonates detected with SGA
birthweight, resulting in a sensitivity of 30.0% (20.8,
40.6), specificity of 97.5% (96.5, 98.2), positive pre-
dictive value of 41.7% (31.3, 52.6), and negative pre-
dictive value of 93.6% (95.3, 96.4) (Table 3).
McNemar’s test was performed to compare the per-
formance of the sensitivities of the two diagnostic
criteria, with a significant difference detected, with a
Chi-squared statistic of 6, and P = .014.

CPM was detected at birth or fetal death exami-
nation in 3$ patients. FGR by EFW <10% identified
10 of these pregnancies at the first growth ultrasound
resulting in a sensitivity of 28.6% (14.6, 46.3), speci-
ficity of 98.8% (98.2, 99.3), positive predictive value
of 35.7% (21.7, 52.7), and negative predictive value of
98.4% (98.0, 98.7). By broadening the definition of
FGR to include isolated AC <10%, 2 additional cases
of CPM would have been correctly identified at the
first growth ultrasound for a total of 12 neonates that
would have been detected with resulting CPM at
birth. This new definition thus would have resulted in

J Ultrasound Med 2022; 9999:1-9
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Figure 1. Flowchart of inclusion and exclusion criteria of pregnancies included in evaluation of diagnostic accuracy of EFW (<10%) versus
expanded diagnosis with isolated AC (<10%) in predicting pathologic FGR.

1830 records of women delivering at UVA from 2018-2019
with 2nd trimester anatomic surveys or 3rd trimester
ultrasounds reviewed

11 pregnancies excluded ending in
termination of pregnancy

\J

1819 pregnancies

11 pregnancies without imaging studies
in the incident pregnancy excluded

\J

1808 pregnancies

2 pregnancies with 2nd trimester loss
prior to anatomic survey excluded

\/

Women with deliveries at UVA from 2018-2019 with 2nd
trimester anatomic survey or 3rd trimester growth 1592
ultrasound data during the incident pregnancy (n=1806) anatomic

1699 growth

ultrasounds
surveys

> 106 multiple gestationans

113 major fetal anomalies

\/

1587 non-anomalies, singleton pregnancies

28 pregnancies with EFW < 10%

37 women with isolated AC <10th
percentile

65 pregnancies meeting new
definition of FGR
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Table 1. Baseline Demographic and Clinical Characteristics of Study Population

Normal Growth, Isolated AC

Characteristic No FGR (n = 1522) EFW <10% (n = 28) <10% (n = 37) P-Value
Race®

White/Caucasian 1046 (68.7) 16 (571) 22 (59.5) NS (.77)

Black 146 (9.6) 5 (17.8) 4(10.8)

Asian 87 (5.7) 4(14.3) 2 (5.4)

Other 243 (15.9) 3(10.7) 9 (24.3)
Hispanic ethnicity®

Yes 333(21.9) 4(14.2) 9 (24.3) NS (.88)

No 1184(77.8) 24 (85.7) 28 (75.6)

No data 2(1.3)
Smoking status?

Current 99 (6.5) 2(71) 3(8.1) NS (.50)

Former 209 (13.7) 7(25.0) 6 (16.2)

Never 1214 (79.8) 19 (67.8) 28 (75.7)
BMIP 25.4122.3,30.6] 25.3[19.8, 29.1] 26.3[20.7,32.2] NS (.65)
Parity® 1[0,2] 1[0,1] 1[0,1] NS (.35)
Maternal age® 30 [26, 33] 28 [23, 33] 31[27,35] NS (.43)
Chronic hypertension® 60 (3.9) 6 (21.4) 8 (21.6) <.001
Type 1 diabetes® 11(0.7) 1(3.6) 2 (5.4) .017
Type 2 diabetes® 29 (1.9) 1(3.6) 3(8.1) .039
Gestational diabetes® 109 (72) 3(10.7) 2 (5.4) NS (.68)

Data reported in median [IQR] or as “n (%),” unless otherwise stated. NS, not significant.
#Pearson Chi-squared test.

®Independent-samples Kruskal-Wallis test.

CFishers exact test.

a sensitivity of 34.2% (19.1, 52.2), specificity of 96.6%  the sensitivities of the two diagnostic criteria, and no
(95.6, 97.4), positive predictive value of 18.4% (11.8, significant difference was detected for detection of
27.8), and negative predictive value of 98.5% (94.0, CPM, with a Chi-squared statistic of 2, and P = .157.
96.2) for prediction of CPM (Table 4). McNemar’s Overall, we found the new definition of FGR to
test was performed to compare the performance of  include isolated AC <10th percentile during the

Table 2. Pregnancy Outcomes for Pregnancies With Suspected Normal Growth or FGR Suspected by Either EFW <10% or Isolated

AC <10%
Normal Growth, No FGR EFW Isolated AC
Outcome (n = 1522) <10% (n = 28) <10% (n = 37) P-Value
GA at which FGR would have been N/A 314285, 34.9] 29.4128.2,32.1] NS (.07)
diagnosed®
Gestational hypertension® 110 (72) 7 (25.0)° 3(8.1) 01
Gestational age at delivery (weeks)® 39 [38, 40] 3735, 38]¢ 39 (36, 39] <.001
Birthweight at delivery (grams)© 3370 [3056, 3694] 2315 [1645, 2783 [2339, 3070] <.001
2828]°
SGA at deliveryb 63 (4.1) 21 (75.0)¢ 6 (16.2)¢ <.001
CPM outcome® 23 (15) 10 (35.7)° 2(5.4) <001

Data reported in median [IQR] or as “n (%),” unless otherwise stated. NS, not significant.
dIndependent-samples Kruskal-Wallis test with stepwise comparison.

®Fisher's exact test.

“Independent Student’s t-test.

9Denotes group with statistical significance from baseline population without concern for FGR.

°Denotes statistical significance from both group without suspected FGR and those with isolated AC.

J Ultrasound Med 2022; 9999:1-9
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Table 3. EFW <10% Versus New Definition With Inclusion of Isolated AC <10% on Prediction of SGA

Traditional Definition FGR SGA No SGA Total New Definition SGA No SGA Total
EFW <10th percentile 21 7 28 Isolated AC or EFW <10th 27 38 65
EFW never <10th percentile 69 1490 1559 No diagnosis FGR 63 1459 1522
Total 90 1497 1587 90 1497 1587
Table 4. EFW <10% Versus New Definition With Inclusion of Isolated AC <10% on Prediction of CPM

Classic definition FGR CPM No CPM Total New Definition FGR CPM No CPM Total
EFW <10th percentile 10 18 28 Isolated AC or EFW <10th 12 53 65
EFW never <10th percentile 25 1534 1559 No diagnosis FGR 23 1499 1522
Total 35 1552 1587 35 1552 1587

pregnancy would have resulted in the detection of
6 additional cases of SGA and 2 cases of CPM with
38 additional false positives who never developed an
outcome of interest.

Discussion

Our study is a preliminary investigation of outcome
differences between populations that would be classi-
fied as FGR by traditional criteria of EFW <10% and
those who meet the new diagnostic definition of FGR
by including isolated AC <10%. Our study population
had a low rate of SGA and CPM outcomes, and we
are unable to assess the true superiority of one diag-
nostic criteria over another. In our population, SGA
was more common in pregnancies affected by isolated
AC <10% than for pregnancies without concern for
FGR, but these pregnancies were not at substantially
increased risk for the pregnancy complications of ges-
tational hypertension or CPM. Gestational age and
birthweight at delivery were also similar between
patients classified as FGR by AC <10% and those
without suspected FGR.

Numerous prior publications have reported poor
detection rates of SGA by third trimester growth
ultrasound screening of 20 to 50%."%*" Similarly, our
detection rate for SGA at birth was poor at 23.3% by
the traditional definition, increasing only to 30%
when including isolated AC <10%, with a significant
difference in sensitivity noted by McNemar’s test, but
with similar confidence intervals. We found that the
specificity for detection of SGA would be decreased

J Ultrasound Med 2022; 9999:1-9

from 99.5% with traditional criteria to 97.5% with
inclusion of patients with isolated AC <10%. The
strength of our conclusions for reporting differences
in comparative sensitivities is limited due to low fre-
quency of SGA outcome within our population and
low detection rates by both diagnostic criteria. At an
alpha of 0.0S, 6584 patients would need to have been
included from a study population with similar charac-
teristics as ours to reach 80% power for such
comparisons.

One argument for broadening the definition of
FGR is to avoid missing the identification of truly
growth-restricted fetuses at risk for poor neonatal
outcomes. Support for this recommendation comes
from the contemporary meta-analysis published by
Caradeux et al® in which the authors demonstrate
that at a fixed false positive rate, isolated AC <10th
percentile increases the sensitivity of diagnosis of
SGA. Unfortunately, the analyzed studies included
limited detailed neonatal and longitudinal outcomes
data, precluding the analysis of CPM. We provide
birth outcomes data and an assessment of the inci-
dence of CPM occurring in an otherwise diverse
patient population. We also considered how broaden-
ing the diagnostic criteria of FGR may impact the
sensitivity, positive predictive value, and false-positive
rates of CPM. Notably, less than half (38.8%) of
pregnancies ultimately diagnosed as SGA were at risk
for a CPM and overall detection of CPM was com-
paratively poor for both traditional diagnostic criteria
and by expanding the diagnostic criteria to include
pregnancies with isolated AC <10%. Sensitivities and
specificities of these tests were similar, and we did not
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detect a statistically significant difference in the func-
tion of these diagnostic criteria for detection of CPM
by McNemar test. In line with the limitations of our
conclusions at drawing comparisons between the two
diagnostic criteria seen with the detection of SGA, we
lack statistical power to detect significant differences
in the detection of CPM due to the rarity of this clini-
cal entity. Additional prospective studies inclusive of
a large cohort would be critical in being able to make
stronger conclusions about the diagnostic perfor-
mance of these tests.

Prior research by Monier et al shows misdiagnosis
of FGR results in increased risks of provider-initiated
deliveries prior to 39 weeks.”” Our data indicate that
expanding the definition of FGR to include isolated
AC <10% may result in an increased false-positive rate.
In larger populations, should the finding hold, there
may be increased risks for iatrogenic delivery prior to
39 weeks on a larger scale, which carries fiscal and psy-
chosocial costs.”> Alternatively, expanding the defini-
tion of FGR to include patients with AC <10%
increased the detection of both SGA and CPM cases,
resulting in a reduction of false negatives where the
fetus and neonate may be at risk for adverse perinatal
events or stillbirth. We acknowledge that our conclu-
sions are hypothesis generating and that a comparison
of the risks and benefits of using either diagnostic
criteria is highly dependent on value systems and must
include consideration of the cost of care, stress of mis-
diagnosis, and potential for iatrogenic harm, weighed
against the risk of undiagnosed pathology or stillbirth.
From the standpoint of these considerations, we are
unable to conclude the superiority of either diagnostic
approach for these ends based on our findings within
this study population.

A strength of our study is the inclusion of all
pregnancies with second and third trimester growth
ultrasound data delivered at our institution. This
allowed for an examination of how broadening the
diagnostic criteria of FGR would alter detection in a
general American population. Our study also adds to
the literature by reporting longitudinal ultrasound
data, fetal death, and neonatal and pregnancy out-
comes data, allowing us to provide diagnostic perfor-
mance analyses of both diagnostic criteria for the
development of SGA as well as CPM.

Our study has limitations. The data were collected
from a single-center institution and a convenience

sample was chosen. This sampling method was pur-
posely selected to acquire direct ultrasound measure-
ment data that were not readily obtainable solely from
querying the electronic health record. Our cohort
included a low prevalence of both SGA and CPM out-
comes and likely represents a relatively healthy cohort,
which may limit the generalizability of our outcomes
to other centers. Our retrospective design also pre-
cludes causal analysis of factors responsible for SGA or
CPM, and conclusions about the analysis of pregnancy
outcomes must also be limited in scope due to prag-
matic design of the study (by convention, those
patients meeting FGR criteria by EFW <10 would
have been assigned to more ultrasounds, versus
patients without this diagnosis, including those with
isolated AC <10 would have been assigned to fewer
ultrasounds).

Isolated AC <10% and EFW <10% perform simi-
larly in the detection of SGA and CPM, and detection
rates remain suboptimal. Large prospective cohort
evaluation of these diagnostic criteria should be
planned for thoughtful consideration of the benefits
and risks associated with either approach.

References

1. Martins JG, Biggio JR, Abuhamad A. Society for Maternal-Fetal
Medicine consult series #52: diagnosis and management of fetal
growth restriction. Am ] Obstet Gynecol 2020; 223:B2-Bl17.
https://doi.org/10.1016/j.2j0g.2020.05.010.

2. Royal College of Obstetricians and Gynaecologists. The investiga-
tion and management of the small-for-gestational-age fetus; 2013.

3. ACOG Practice Bulletin No. 227: fetal growth restriction: correc-
tion. Obstet Gynecol 2021; 137:754. https://doiorg/10.1097/
AOG.0000000000004350.

4. Blue NR, Yordan JMP, Holbrook BD, Nirgudkar PA,
Mozurkewich EL. Abdominal circumference alone versus esti-
mated fetal weight after 24 weeks to predict small or large for ges-
tational age at birth: a meta-analysis. Am ] Perinatol 2017; 34
1115-1124. https://doiorg/10.1055/3—0037—16040594

5. David C, Tagliavini G, Pilu G, Rudenholz A, Bovicelli L. Receiver-
operator characteristic curves for the ultrasonographic prediction
of small-for-gestational-age fetuses in low-risk pregnancies.
Am | Obstet Gynecol 1996; 174:1037-1042. https://doiorg/10.
1016/50002-9378(96)70347-2.

6. Caradeux ], Martinez-Portilla RJ, Peguero A, Sotiriadis A,

Figueras F. Diagnostic performance of third-trimester ultrasound

J Ultrasound Med 2022; 9999:1-9


https://doi.org/10.1016/j.ajog.2020.05.010
https://doi.org/10.1097/AOG.0000000000004350
https://doi.org/10.1097/AOG.0000000000004350
https://doi.org/10.1055/s-0037-1604059
https://doi.org/10.1016/S0002-9378(96)70347-2
https://doi.org/10.1016/S0002-9378(96)70347-2

Whitham et al—Estimated Fetal Weight Versus Abdominal Circumference

for the prediction of late-onset fetal growth restriction: a systematic
review and meta-analysis. Am ] Obstet Gynecol 2019; 220:449-459.
e19. https://doi.org/10.1016/j.4jog2018.09.043.

Updated Guidance Regarding Fetal Growth Restriction | ACOG.
https:/ /www.acogorg/clinical/clinical-guidance/practice-advisory/
articles/2020/09/updated-guidance-regarding-fetal-growth-restrict
ion. Accessed December 17, 2020.

Di Lorenzo G, Monasta L, Ceccarello M, Cecotti V, D'Ottavio G.
Third trimester abdominal circumference, estimated fetal weight
and uterine artery doppler for the identification of newborns small
and large for gestational age. Eur | Obstet Gynecol Reprod Biol 2013;
166:133-138. https://doi.org/10.1016/j.¢jogrb.2012.10.010.
Roma E, Arnau A, Berdala R, Bergos C, Montesinos J, Figueras F.
Ultrasound screening for fetal growth restriction at 36 vs 32 weeks’
gestation: a randomized trial (ROUTE). Ultrasound Obstet Gynecol
2015; 46:391-397. https://doiorg/10A1002/u0g14915.

Rad S, Beauchamp S, Morales C, Mirocha J, Esakoff TF. Defining
fetal growth restriction: abdominal circumference as an alternative
criterion. ] Matern Neonatal Med 2018; 31:3089-3094. https://doi.
org/101080/14767058.20171364723

Silver RM, Blue NR. Delivery before 39 weeks' gestation for
suspected fetal growth restriction: more harm than good? JAMA
2021; 326:135-136. https://doiorg/10.1001 /JAMA.2021.8381.
Hadlock FP, Harrist RB, Carpenter R], Deter RL, Park SK. Sono-
graphic estimation of fetal weight. Radiology 1984; 150:535-540.
Duryea EL, Hawkins JS, McIntire DD, Casey BM, Leveno KJ. A
revised birth weight reference for the United States. Obstet Gynecol
2014; 124:16-22.

Fenton TR. A new growth chart for preterm babies: Babson and
Benda’s chart updated with recent data and a new format. BMC
Pediatr 2003; 3:13. https://doiorg/10.1186/1471-2431-3-13.
Strassberg ER, Schuster M, Rajaram AM, et al. Comparing diagno-
sis of fetal growth restriction and the potential impact on manage-
ment and outcomes using different growth curves. | Ultrasound
Med 2019; 38:3273-3281.

J Ultrasound Med 2022; 9999:1-9

16.

17.

18.

19.

20.

21.

22.

23.

Hadlock FP, Deter RL, Harrist RB, Park SK. Fetal abdominal cir-
cumference as a predictor of menstrual age. Am ] Roentgenol
1982; 139:367-370.

Gyamfi-Bannerman C, Thom EA, Blackwell SC, et al. Antenatal bet-
amethasone for women at risk for late preterm delivery. N Engl | Med
2016; 374:1311-1320. https://doi.org/l0.1056/NEJMOA1516783/
SUPPL_FILE/NEJMOA1516783 DISCLOSURES.PDF.

Sovio U, White IR, Dacey A, Pasupathy D, Smith GCS. Screening
for fetal growth restriction with universal third trimester ultrasonogra-
phy in nulliparous women in the Pregnancy Outcome Prediction
(POP) study: a prospective cohort study. Lancet 201S; 386:2089—
2097. https://doi.org/10.1016/50140-6736(15)00131-2.

Basuki TR, Caradeux J, Eixarch E, Gratacds E, Figueras F. Longi-
tudinal assessment of abdominal circumference versus estimated
fetal weight in the detection of late fetal growth restriction.
Fetal Diagn Ther 2019; 45:230-237. https://doi.org/10.1159/
000485889.

Fratelli N, Valcamonico A, Prefumo F, Pagani G, Guarneri T,
Frusca T. Effects of antenatal recognition and follow-up on perina-
tal outcomes in small-for-gestational age infants delivered after
36 weeks. Acta Obstet Gynecol Scand 2013; 92:223-229. https://
doiorg/10.1111/a0gs.12020.

Hammad I, Chauhan S, Mlynarczyk M, et al. Uncomplicated preg-
nancies and ultrasounds for fetal growth restriction: a pilot ran-
domized clinical trial Am ] Perinatol Rep 2015; 06:e83-€90.
https://doi.org/10.1055/5-0035-1567857.

Monier I, Blondel B, Ego A, Kaminiski M, Goffinet F, Zeitlin J.
Poor effectiveness of antenatal detection of fetal growth restric-
tion and consequences for obstetric management and neonatal
outcomes: a French national study. BJOG An Int ] Obstet
Gynaecol 2015; 122:518-527. https://doiorg/10.1111/1471-
0528.13148.

Dudley D. The intersection of detecting fetal growth restriction
and patient safety. BIOG An Int ] Obstet Gynaecol 2015; 122:527.
https://doiorg/l()‘l 111/1471-0528.13272.


https://doi.org/10.1016/j.ajog.2018.09.043
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/09/updated-guidance-regarding-fetal-growth-restriction
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/09/updated-guidance-regarding-fetal-growth-restriction
https://www.acog.org/clinical/clinical-guidance/practice-advisory/articles/2020/09/updated-guidance-regarding-fetal-growth-restriction
https://doi.org/10.1016/j.ejogrb.2012.10.010
https://doi.org/10.1002/uog.14915
https://doi.org/10.1080/14767058.2017.1364723
https://doi.org/10.1080/14767058.2017.1364723
https://doi.org/10.1001/JAMA.2021.8381
https://doi.org/10.1186/1471-2431-3-13
https://doi.org/10.1056/NEJMOA1516783/SUPPL_FILE/NEJMOA1516783_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMOA1516783/SUPPL_FILE/NEJMOA1516783_DISCLOSURES.PDF
https://doi.org/10.1016/S0140-6736(15)00131-2
https://doi.org/10.1159/000485889
https://doi.org/10.1159/000485889
https://doi.org/10.1111/aogs.12020
https://doi.org/10.1111/aogs.12020
https://doi.org/10.1055/s-0035-1567857
https://doi.org/10.1111/1471-0528.13148
https://doi.org/10.1111/1471-0528.13148
https://doi.org/10.1111/1471-0528.13272

	 Comparative Diagnostic Performance of Estimated Fetal Weight and Isolated Abdominal Circumference for the Detection of Fet...
	Materials and Methods
	Results
	Discussion
	References


