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Dichorionic twin-specific vs singleton growth
references for diagnosis of fetal growth restriction
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BACKGROUND: Fetal growth restriction is associated with an RESULTS: A total of 1460 dichorionic twin infants were included with
increased risk for adverse neonatal outcomes. The Hadlock singleton

growth reference is widely used to determine the estimated fetal weight

percentile for both twin and singleton gestations. The Eunice Kennedy

Shriver National Institute of Child Health and Human Development’s twin-

specific growth reference accounts for the different growth trajectory that

twins follow during gestation. There is a lack of research comparing these

different growth references in their ability to identify fetal growth restriction

that is associated with adverse neonatal outcomes in dichorionic twin

gestations.

OBJECTIVE: This study aimed to compare a twin-specific growth

reference (the Eunice Kennedy Shriver National Institute of Child Health

and Human Development’s twin-specific growth reference) and a

singleton growth reference (Hadlock) in their ability to identify fetal growth

restriction associated with adverse neonatal outcomes in dichorionic twin

gestations.

STUDY DESIGN: This was a retrospective cohort study of dichorionic
twin gestations at �32 weeks’ gestation delivered at a single institution

between 2004 and 2019 with the serial growth ultrasounds and neonatal

outcomes data available for analysis. Using their last growth ultrasound

before delivery, twins were classified into the following 3 categories: fetal

growth restriction according to both the Hadlock and Eunice Kennedy

Shriver National Institute of Child Health and Human Development refer-

ences, fetal growth restriction according to the Hadlock reference only,

and no fetal growth restriction according to either reference, with fetal

growth restriction defined as an estimated fetal weight of<10th percentile

for gestational age. Multivariable generalized linear mixed models were

used to assess the adverse neonatal outcomes via pair-wise comparisons

between the groups, with a random-effects component to account for

twin-pair correlations.
Cite this article as: Shea SK, Likins BJ, Boan AD, et al.
Dichorionic twin-specific vs singleton growth references

for diagnosis of fetal growth restriction. Am J Obstet

Gynecol 2021;224:603.e1-9.

0002-9378/$36.00
ª 2021 Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.ajog.2021.03.022
8.1% (n¼118) of cases classified as fetal growth restricted by both the

Eunice Kennedy Shriver National Institute of Child Health and Human

Development and Hadlock references, 8.8% (n¼129) of cases classified

as fetal growth restricted by the Hadlock reference only, and 83.1%

(n¼1213) of cases classified as no fetal growth restriction by either

reference. Compared with twins with no fetal growth restriction by either

reference, twins with fetal growth restriction by both references were more

likely to experience mild (adjusted odds ratio, 2.38; confidence interval,

1.38e4.13) or severe (adjusted odds ratio, 2.82; confidence interval,

1.16e6.88) composite neonatal morbidity. Compared with twins with fetal
growth restriction according to the Hadlock reference only, twins with fetal

growth restriction according to both references were more likely to

experience mild (adjusted odds ratio, 2.03; confidence interval,

1.00e4.14) but not severe (adjusted odds ratio, 3.70; confidence interval,
0.72e18.90) composite neonatal morbidity. Composite neonatal

morbidity was not different between twins with fetal growth restriction

according to the Hadlock reference only and those with no fetal growth

restriction by either growth reference.

CONCLUSION: The Eunice Kennedy Shriver National Institute of Child
Health and Human Development’s twin-specific growth reference better

identifies the risk for adverse neonatal outcomes in dichorionic twin

gestations diagnosed with fetal growth restriction. The use of the Hadlock

singleton growth reference more than doubles the number of dichorionic

twins identified with fetal growth restriction who seem to be at a low-risk

for neonatal morbidity, leading to unnecessary maternal anxiety, increased

antenatal testing, and possibly iatrogenic preterm delivery.

Key words: growth curves, growth standards, intrauterine growth re-
striction, multiple gestations, NICHD Fetal Growth Studies—Twins
Introduction neonatal morbidity and mortality.1e4 the antenatal management of these

Fetal growth restriction (FGR), defined
by the American College of Obstetricians
and Gynecologists (ACOG) as an esti-
mated fetal weight (EFW) of <10th
percentile of the EFW for the gestational
age, complicates approximately 10% of
pregnancies and is a leading cause of
Infants with birthweights below the
10th percentile are predisposed to mul-
tiple neonatal complications including
hypoglycemia, hyperbilirubinemia, hy-
pothermia, intraventricular hemor-
rhage, necrotizing enterocolitis, sepsis,
respiratory distress syndrome, and
death.1,5 In addition to the increased risk
for adverse perinatal outcomes, FGR can
also impact long-term health outcomes,
including an increased risk for the
development of cardiovascular and
endocrine diseases as well as neurologic
impairment.3,6e8 Given the increased
risks associated with pathologic FGR, a
correct prenatal diagnosis is essential for
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pregnancies, which includes increased
antenatal surveillance and, in certain
cases, iatrogenic preterm delivery.

Despite the prevalence of FGR, our
ability to correctly identify those fetuses
with pathologic FGR and, in turn, those
most at risk for poor outcomes, can be
affected by a multitude of factors. One of
these factors is the variability in growth
references used to detect fetal growth.
Currently, twin growth is measured
against population-based, singleton
growth references. Compared with their
singleton counterparts, twins are at a
greater risk of being diagnosed with FGR
mainly because twin growth trajectories
can Journal of Obstetrics & Gynecology 603.e1
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AJOG at a Glance

Why was this study conducted?
This study aimed to compare the Eunice Kennedy Shriver National Institute of
Child Health and Human Development’s (NICHD) twin-specific growth refer-
ence with the Hadlock singleton growth reference in their ability to identify fetal
growth restriction associated with adverse neonatal outcomes in dichorionic twin
gestations.

Key findings
Compared with the Hadlock singleton growth reference, the NICHD’s twin-
specific growth reference is more predictive of adverse neonatal outcomes in
dichorionic twin cases.

What does this add to what is known?
The use of the Hadlock singleton growth reference in dichorionic twin gestations
identifies a large proportion of twins as growth restricted who are actually at low
risk for neonatal morbidity. This propensity to overdiagnose using singleton
growth references for twins can lead to unnecessary maternal anxiety, increased
antenatal testing, and possibly iatrogenic preterm delivery. Twin-specific growth
references may be a better tool to identify fetal growth restriction associated with
adverse neonatal outcomes in dichorionic twin gestations.
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deviate from those of singleton growth
trajectories around 30 to 32 weeks
gestational age.9e13 The percentage of
twins with birthweights classified as
<10th percentile ranges from 18% to
46% when singleton growth references
are used, and decreases to 13% to 17%
when twin-specific growth references are
implemented.9,14,15 It is unclear whether
this differing growth trajectory in twins
is a normal physiological adaptation to a
multiple gestation or if it is caused by
pathologic growth restriction that occurs
if the intrauterine environment is inca-
pable of sustaining the equivalent
growth of twin fetuses compared with a
singleton as a pregnancy progresses.9,16

Various twin-specific growth references
have been published, including the 2016
Eunice Kennedy Shriver National Insti-
tute of Child Health and Human De-
velopment’s (NICHD) Fetal Growth
Studies—Twins, which was a prospec-
tive, longitudinal evaluation of fetal
growth in dichorionic twin
gestations.9e11,17 These investigators
and others have called for studies
assessing the perinatal outcomes
following use of these twin-specific fetal
growth references instead of the
singleton growth references that are
typically used for the assessment of
603.e2 American Journal of Obstetrics & Gynecol
normal twin growth and which may
overestimate the risk for morbidity and
mortality.9,18e20

The objective of this study was to
compare the NICHD’s twin-specific
growth reference9 with the Hadlock
singleton growth reference21 used at our
institution. We compared the relative
frequencies of FGR (EFW of <10%)
identified by each reference and the
adverse neonatal outcomes associated
with this diagnosis in dichorionic twin
gestations.

Materials and Methods
This was a retrospective cohort study of
dichorionic, diamniotic twin pregnan-
cies at�32 weeks’ gestation delivered at
the Medical University of South Car-
olina (MUSC) between 2004 and 2019
with serial growth ultrasounds and
neonatal outcomes data available for
analysis. Cases of singleton pregnancies,
monochorionic twin gestations, de-
livery at <32 weeks’ gestation, fetal
demise, with known aneuploidy, known
fetal anomaly, outbound delivery, or
lack of a growth ultrasound at �32
weeks’ gestation were excluded. This
study was approved by the MUSC
Institutional Review Board
(Pro00103996).
ogy JUNE 2021
Eligible subjects were identified, and
the maternal and neonatal variables were
extracted from the MUSC Perinatal In-
formation Network System (PINS)
database. The PINS database is a vali-
dated research quality database operated
collaboratively by the Departments of
Obstetrics and Gynecology, Pediatrics,
and Public Health Sciences at MUSC. All
maternal and low-risk newborn inpa-
tient medical records were abstracted by
3 specially trained data abstractors
following delivery. All high-risk
newborn records were abstracted by a
dedicated nurse with 5 years of clinical
experience in the neonatal intensive care
unit (NICU) and 10 years of experience
in abstraction of high-risk newborn
medical records. The proportion of
specific agreement reflects the correct
identification of a condition when it ex-
ists; for the PINS database, this exceeds
97% with interrater reliability exceeding
98%.

Ultrasound data were obtained from
our institutional ultrasound database
software (Viewpoint, GE Healthcare,
Milwaukee, WI). The EFW was deter-
mined using 4 elements of fetal biometry
(biparietal diameter, head circumfer-
ence, abdominal circumference, and fe-
mur length) and was calculated using the
Hadlock formula.22 It should be noted
that the Hadlock formula used to
calculate EFW in our study was different
from that used in the NICHD study,
which did not include bronchopulmo-
nary dysplasia (BPD) in its measure-
ments. Approximately 100 twin pairs did
not have chorionicity exported from
Viewpoint to our database. In all of those
cases, the chorionicity data were ob-
tained by direct review of the patient’s
ultrasound report in Viewpoint or elec-
tronic medical record in EPIC. If cho-
rionicity was not documented, any cases
with infants of 2 separate sexes were
determined to be dichorionic gestations.
In cases with 2 infants of the same sex,
the placental pathology was reviewed to
determine the chorionicity. All serial
growth ultrasound examinations, which
occurred every 4 weeks throughout
gestation starting at around 20 weeks,
were performed at 4 separate outpatient
ambulatory sites and were interpreted by
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maternal-fetal medicine specialists. Our
ultrasound department performs
approximately 22,000 ultrasound ex-
aminations per year and is accredited in
obstetrics and fetal echocardiography by
the American Institute of Ultrasound in
Medicine. All of our sonographers are
registered diagnostic medical
sonographers.

Based on their respective last fetal
growth ultrasound before delivery, each
individual fetus was assigned an EFW
growth percentile based on the Hadlock
singleton growth reference routinely
used at our institution and the NICHD’s
twin-specific growth reference for
dichorionic twins. Then, each twin was
classified into 1 of the following 3
groups: growth restricted (EFW of
<10%) according to both the Hadlock
and NICHD growth references, growth
restricted according to the Hadlock
growth reference only, or not growth
restricted according to either growth
reference. Adverse neonatal outcomes
were compared between the fetuses in
each of the 3 groups.

A matching process was used to
ensure that the EFW percentiles assigned
based on the final antenatal ultrasound
examination corresponded to the correct
neonatal outcomes obtained from PINS
for each individual newborn in a twin
pair. The records were first matched
based on the maternal medical record
number, name, date of birth, and preg-
nancy time point (predominately year)
with duplicate records excluded. Once
the twin sets were correctly identified in
both data sets, the individual fetus match
was determined based on the birth-
weight, with the larger birthweight in-
fant being matched to the larger EFW
measurement and the smaller birth-
weight to the smaller EFW measure-
ment. For cases with identical birth
weights recorded for both infants, the
medical records were reviewed for
quality control and revised accordingly.
In the event of true identical birth-
weights, the infants’ head circumference
followed by length measurements at
gestational age were used to break the
“larger” vs “smaller” twin ties. Similarly,
for identical EFWmeasurements on the
last ultrasound, the fetuses’ head
circumferences followed by abdominal
circumferences and then femur lengths
were used to break ties.
The primary outcome was a com-

posite of neonatal morbidities stratified
as mild or severe. Mild neonatal
morbidity included oxygen supplemen-
tation or a continuous need for positive
airway pressure for <72 hours, hypo-
glycemia, hypocalcemia, hyper-
bilirubinemia, or intraventricular
hemorrhage (IVH) grade I or II. Severe
neonatal morbidity included necrotizing
enterocolitis (NEC) grade 2Aþ, IVH
grade III or IV, BPD, mechanical venti-
lation, or neonatal death. These neonatal
outcomes were also analyzed
individually.
Secondary outcomes included NICU

admission, NICU length of stay (LOS) of
>5 days, and a 5-minute Apgar score of
<7. The maternal covariates included
race, age, diabetes (gestational or pre-
gestational vs none), mode of delivery
(vaginal delivery vs cesarean delivery),
and body mass index (kg/m2) at delivery
(ordinal category of <25 kg/m2,
25e29.9 kg/m2, 30e34.9 kg/m2,
35e39.9 kg/m2, �40 kg/m2).
The maternal demographic and

obstetrical characteristics were summa-
rized descriptively. A bivariate and
multivariable generalized linear mixed
model (GLMM)-derived logistic regres-
sion was used to assess the adverse
neonatal outcomes according to the
FGR-defined groups. For each outcome,
the lowest risk category (eg, no mild
composite neonatal morbidity) was used
as the referent category. The analyses
were conducted in PROC GLIMMIX in
SAS version 9.4 (SAS Institute Inc, Cary,
NC) with the odds of neonatalmorbidity
estimated using a logistic link function to
account for the paired data and to esti-
mate subject-specific risks. A random-
effects component was incorporated to
account for the correlations within twin
pairs andmultiple maternal pregnancies.
Multivariable analyses, with maternal
covariate adjustments as described
above, produced subject-specific
adjusted odds ratio (aOR) and 95%
confidence interval (CI) estimates that
were used to assess the morbidity out-
comes between FGR groups via planned,
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pair-wise comparisons. Because of the
large number of tests conducted, the
Holm-Bonferroni method was used to
correct for family-wise error.23 Signifi-
cance was defined by a 2-tail P value of
<.05. We chose the maternal covariates
carefully in an effort to prevent over
adjustments by controlling for specific
pregnancy complications (eg, pre-
eclampsia, gestational age, etc.) that have
a tendency to be on the causal pathway
between FGR and adverse neonatal
morbidity outcomes because these
causal intermediates may have led to
biased results.

Results
There were 1460 dichorionic, diamniotic
twin infants (730 twin pairs) that met the
study criteria. Of these, 8.1% (n¼118) of
the twins were deemed growth restricted
by both the NICHD andHadlock growth
references. Another 8.8% (n¼129) were
identified as growth restricted by the
Hadlock growth reference only. The
remaining twin fetuses (83.1%; n¼1213)
were not considered growth restricted by
either growth reference, because there
were no fetuses identified as growth
restricted by the NICHD’s reference
only. These data are presented in Figure.
The average time between the last ul-
trasound and delivery was 14�9.6 (me-
dian 13) days. The percentage difference
(measured as ([weightlarger twine
weight

smaller twin
/weight larger twin])�100)

for birthweights was 12% (�10%) and
10% (�10%) for the EFW measure-
ments, with birthweight vs EFW differ-
ences strongly positively correlated
(Pearson rho¼0.6; P<.0001). The FGR
group assignment was concordant for
77.5% of the twin pairs with discordance
noted in 22.5% (2.9% with 1 twin clas-
sified as FGR by both standards and 1
classified as FGR by the Hadlock refer-
ence only; 8.4% with 1 twin classified as
FGR by both references and 1 classified
as not FGR by either standard; and
11.2% with 1 twin classified as FGR by
the Hadlock reference only and 1 clas-
sified as not FGR by either references).
The demographic and obstetrical char-
acteristics of the 730 maternal partici-
pants included in this cohort are
presented in Table 1. Our patients were
can Journal of Obstetrics & Gynecology 603.e3
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FIGURE
Classification of the 1460 infants into 3 categories based on the Hadlock and NICHD growth references as described in
Materials and Methods

The solid and dotted lines indicate the cutoff for EFW <10th percentile for the Hadlock and NICHD growth references, respectively.
EFW, estimated fetal weight, NICHD, the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
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cared for at an academic teaching center
and were racially and ethnically diverse,
relatively evenly divided between
nulliparous and parous women, and
were predominantly obese and privately
insured (Table 1).

The primary outcomes of interest are
summarized in Table 2 in addition to the
bivariate and multivariable GLMM re-
sults. The pair-wise comparisons of the
primary outcomes between the FGR
groups are presented in Table 3.
Compared with twins with no FGR as
determined by either reference, those
with FGR according to both references
603.e4 American Journal of Obstetrics & Gynecol
weremore likely to experience both mild
(aOR, 2.38; CI, 1.38e4.13; P¼.001) and
severe (aOR, 2.82; CI, 1.16e6.88;
P¼.016) composite neonatal morbidity.
Compared with twins with FGR ac-
cording to the Hadlock reference only,
those with FGR according to both ref-
erences were more likely to experience
mild (aOR, 2.03; CI, 1.00e4.14;
P¼.034), but not severe (aOR, 3.70; CI,
0.72e18.90; P¼.11) composite neonatal
morbidity. There were no significant
differences in the proportions of mild or
severe composite neonatal morbidity
between the twins with FGR according
ogy JUNE 2021
to the Hadlock reference only and twins
with no FGR according to either growth
reference (aOR, 1.17; CI, 0.70e1.97;
P¼.462 and aOR, 0.76; CI, 0.17e3.37;
P¼.663, respectively). When assessed as
individual outcomes, the twins with
FGR according to both growth refer-
ences were more likely to experience
hypoglycemia compared with those with
FGR according to the Hadlock reference
only (aOR, 2.72; CI, 1.26e5.86; P¼.004)
and twins with no FGR according to
either reference (aOR, 2.97; CI,
1.69e5.21; P<.001). In addition, twins
with FGR according to both growth

http://www.AJOG.org


TABLE 1
Maternal demographic and obstetrical characteristics (n[730)

Characteristics n (%) or mean�SD

Age (y) 30.61�5.8

Race or ethnicity

White and non-Hispanic 421 (57.7)

Black and non-Hispanic 257 (35.2)

Hispanic 44 (6.0)

Other and non-Hispanic 8 (1.1)

Insurance type

Self-pay 26 (3.6)

Public 269 (36.9)

Private 435 (59.6)

Parity

0 338 (46.4)

�1 391 (53.6)

Smoker 53 (7.3)

Diabetes (gestational or pregestational) 97 (13.3)

Hypertensive disorders (chronic, gestational,
preeclampsia)

230 (31.5)

Body mass index at delivery

<25 49 (6.8)

25e29.9 167 (23.1)

30e34.9 221 (30.6)

35e39.9 141 (19.5)

�40 145 (20.1)

Mode of delivery

Vaginal delivery 214 (29.3)

Cesarean delivery 516 (70.7)

SD, standard deviation.
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references weremore likely to experience
hyperbilirubinemia compared with
those with FGR according to the Had-
lock reference only (aOR, 3.44; CI,
1.10e10.77; P¼.19) and twins with no
FGR according to either reference (aOR,
3.06; CI, 1.47e6.38; P¼.001). No sig-
nificant differences were found for these
individually-assessed outcomes between
twins with FGR by theHadlock reference
only and twins with no FGR by either
growth reference. No significant differ-
ences were found for IVH grade I or II,
BPD, and mechanical ventilation be-
tween the 3 groups. Hypocalcemia, IVH
grade III or IV, NEC, and neonatal death
were unable to be assessed indepen-
dently owing to lack of sample.

The secondary outcomes of interest
with model and pair-wise comparison
results according to the FGR group are
again presented in Tables 2 and 3,
respectively. Twins with FGR according
to both growth references were more
likely to be admitted to the NICU (aOR,
11.14; CI, 4.75e26.10; P<.001 and aOR,
7.42; CI, 2.77e19.93; P<.0001, respec-
tively) and more likely to have a NICU
LOS of >5 days (aOR, 6.19; CI,
2.32e13.08; P<.001 and aOR, 5.03; CI,
1.98e12.80, P<.0001, respectively)
when compared with those without FGR
according to both growth references and
those with FGR according to the Had-
lock reference only. No significant dif-
ferences were found for NICUadmission
and NICU LOS of >5 days between
twins with FGR according to the Had-
lock reference only and those with no
FGR according to either growth
references.

Comment
Principal findings
The results of this study indicate that,
when compared with the Hadlock
singleton growth reference, the NICHD
twin-specific growth reference is a more
specific marker of FGR associated with
adverse neonatal outcomes in dichor-
ionic twin gestations �32 weeks’ gesta-
tion at delivery. The use of the Hadlock
singleton growth reference more than
doubled the number of dichorionic twin
fetuses diagnosed as suspected FGR.
There was no difference inmild or severe
composite neonatal morbidity between
those twin fetuses considered as FGR by
the Hadlock reference only and those
twin fetuses without any concern for
FGR. Using a singleton-specific fetal
growth reference seems to misclassify a
large number of dichorionic twins as at
risk for adverse neonatal outcomes when
compared with the NICHD’s twin-
specific growth reference.

Results in context of what is known
Using small for gestational age (SGA) as
the marker for fetal growth, Mendez-
Figueroa et al18 found that utilization
JUNE 2021 Ameri
of a twin-specific nomogram was less
likely to categorize twins as SGA and
more likely to identify those at risk for
stillbirth and neonatal mortality. Joseph
et al19 showed that the low end of
optimal birthweight for gestational age
differs among singletons and twins with
regard to the patterns of birthweight-
specific, serious neonatal morbidity and
mortality. Using SGA as the postnatal
evaluation of fetal growth, Gielen et al24

showed that there was a closer relation-
ship between neonatal mortality and
twin-specific birthweight percentiles
when using twin-specific growth
can Journal of Obstetrics & Gynecology 603.e5

http://www.AJOG.org


TABLE 2
Generalized linear mixed models of adverse neonatal morbidity outcomes by the fetal growth restriction-defined
groups (n[1460)

Primary outcomes

FGRa groups, n (%) Bivariateb Multivariableb

No FGR
(n¼1213)

Hadlock only
(n¼129)

Both
(n¼118)

F value
(2, 1457) P value

F value
(2, 1438) P value

Mild neonatal compositec 458 (37.76) 52 (40.31) 68 (57.63) 8.54 <.001d 7.22 <.001d

Oxygen supplementation 81 (6.68) 11 (8.53) 10 (8.47) 0.52 .593 0.46 .631

CPAP administration 145 (11.95) 18 (13.95) 23 (19.49) 2.78 .062 1.00 .367

Hypoglycemia 267 (22.01) 29 (22.48) 48 (40.68) 9.93 <.001d 10.72 <.001d

Hypocalcemiae 12 (0.99) 0 (0.00) 0 (0.0) — — — —

Hyperbilirubinemia 89 (7.97) 8 (6.90) 20 (20.00) 7.89 <.001d 6.99 .001d

IVH I or II 12 (0.99) 2 (1.55) 3 (2.54) 1.14 .320 0.54 .582

Severe neonatal compositef 41 (3.38) 3 (2.33) 12 (10.17) 6.40 .002d 4.20 .015d

NEC grade 2Aþe 3 (0.25) 0 (0.00) 1 (0.85) 0.57 .565 — —

IVH III or IVe 1 (0.08) 0 (0.0) 0 (0.00) — — — —

BPD 5 (0.41) 1 (0.78) 2 (1.69) 1.46 .233 1.03 .357

Mechanical ventilation 32 (2.64) 1 (0.78) 8 (6.78) 3.93 .020d 2.28 .103

Neonatal deathe 6 (0.49) 1 (0.78) 2 (1.69) 1.15 .316 — —

Secondary outcomes

NICU admission 499 (41.14) 61 (47.29) 103 (87.29) 33.06 <.001d 23.51 <.001d

NICU LOS of > 5d 367 (30.26) 43 (33.33) 85 (72.03) 34.51 <.001d 17.00 <.001d

5-min Apgar score of <7 59 (4.86) 7 (5.43) 11 (9.32) 2.07 .127 2.02 .133

BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; FGR, fetal growth restricted; GLMMs, generalized linear mixed models; IVH, intraventricular hemorrhage (grade I or II, III
or IV); LOS, length of stay; NEC, necrotizing enterocolitis (grade 2Aþ); NICU, neonatal intensive care unit.

aEach individual twin fetus was classified into 1 of the following 3 groups based on their respective last growth ultrasound assessment before delivery: growth restricted (EFW of<10%) according to
both the Hadlock and NICHD growth standards, growth restricted according to the Hadlock growth standard only, or not growth restricted by either growth standard.

b F-statistics for GLMMs with random effects of twin-pairs and fixed effects of FGR-defined groups; multivariable models with covariate adjustment for maternal race, age, diabetes (gestational or
pregestational vs none), mode of delivery (vaginal delivery vs cesarean delivery), and body mass index at delivery (ordinal,<25; 25e29.9; 30e34.9; 35e39.9;�40); c Mild neonatal composite
included oxygen or CPAP need of<72 hours, hypoglycemia, hypocalcemia, hyperbilirubinemia, IVH I/II; d XXX; e Unable to assess independent secondary outcomes because of a lack of sample for
hypocalcemia, IVH grade III or IV, NEC, and neonatal death; f Severe neonatal composite included NEC grade 2Aþ, IVH grade III or IV, BPD, mechanical ventilation, neonatal death.
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references and proposed that the use of
twin-specific growth percentiles might
improve the prenatal detection of twins
at risk for neonatal mortality.

Supporting the findings in the afore-
mentioned studies, our study showed
that twin-specific growth references
were more specific in identifying FGR-
associated adverse neonatal outcomes
in dichorionic twin gestations. A novelty
of our study in this area of research is in
our use of a sonographic estimate of fetal
growth, an antenatal assessment, instead
of birthweight, a postnatal measure, to
categorize adverse neonatal outcomes.
Using a postnatal diagnosis of SGA as a
proxy for FGR poses limitations because
postnatal diagnoses cannot aid in
603.e6 American Journal of Obstetrics & Gynecol
decision making during the antenatal
period. By having an antenatal assess-
ment tool, physicians can readily inter-
vene, as recommended, throughout the
course of a pregnancy.
An additional novelty of this study is

that the new NICHD Fetal Growth
Study—Twins data set was used for the
determination of FGR in dichorionic
twin gestations and was compared with
FGR as determined by the more tradi-
tionally used Hadlock singleton growth
standards with regard to adverse
neonatal outcomes.

Clinical implications
The current study supports the clinical
recommendations to use twin-specific
ogy JUNE 2021
growth references for the evaluation of
fetal growth in twin gestations and for
the identification of twins at risk for
poor neonatal outcomes. Our findings
revealed that dichorionic twins catego-
rized as FGR by the Hadlock growth
reference alone, but not by the NICHD’s
twin-specific growth reference, have
similar neonatal outcomes as dichor-
ionic twins categorized as having normal
growth by both references. These find-
ings support the concept of a normal
physiological growth adaptation being
responsible for the different growth tra-
jectories seen in dichorionic twin gesta-
tions entering the third trimester.9 The
use of a singleton reference to evaluate in
utero twin growth has the potential to
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TABLE 3
Pair-wise comparison of individual and composite neonatal outcomes according to fetal growth weight-defined
groups (n[1460)

Primary outcomes

Both vs no FGRa Hadlock only vs no FGR Both vs Hadlock only

aORb (95% CI) aP aOR (95% CI) aP aOR (95% CI) aP

Mild neonatal compositec 2.38 (1.38e4.13) .001d 1.17 (0.70e1.97) .462 2.03 (1.00e4.14) .034d

Oxygen supplementation 1.06 (0.40e2.80) >.999 1.44 (0.58e3.60) >.999 0.74 (0.21e2.57) >.999

CPAP administration 1.50 (0.70e3.21) .613 1.29 (0.59e2.82) .858 1.16 (0.42e3.19) .858

Hypoglycemia 2.97 (1.69e5.21) <.001d 1.09 (0.60e1.98) .732 2.72 (1.26e5.86) .004d

Hyperbilirubinemia 3.06 (1.47e6.38) .001d 0.89 (0.34e2.35) .773 3.44 (1.10e10.77) .019d

IVH grade I or II 1.94 (0.27e13.84) >.999 1.86 (0.27e12.78) >.999 1.05 (0.08e13.24) >.999

Severe neonatal compositee 2.82 (1.16e6.88) .016d 0.76 (0.17e3.37) .663 3.70 (0.72e18.90) .110

BPD 3.38 (0.37e30.87) .563 2.56 (0.17e39.47) .821 1.32 (0.06e30.68) .833

Mechanical ventilation 2.10 (0.73e6.04) .219 0.3 (0.03e3.53) .241 7.03 (0.52e95.23) .219

Secondary outcomes

NICU admission 11.14 (4.75e26.10) <.001d 1.50 (0.83e2.71) .099 7.42 (2.77e19.93) <.0001d

NICU LOS of >5 d 6.19 (2.92e13.08) <.001d 1.23 (0.63e2.38) .456 5.03 (1.98e12.80) <.0001d

5-min Apgar score of <7 2.10 (0.87e5.11) .135 1.06 (0.38e2.94) .898 1.99 (0.56e7.07) .386

aOR, adjusted odds ratio; aP, adjusted P value; BPD, bronchopulmonary dysplasia; CI, confidence interval; CPAP, continuous positive airway pressure; FGR, fetal growth restricted; GLMMs,
generalized linear mixed models; IVH, intraventricular hemorrhage (grade I or II and III or IV); LOS, length of stay; NICU, neonatal intensive care unit.

Unable to assess independent outcomes because of a lack of sample for hypocalcemia, IVH grade III or IV, NEC, and neonatal death.

a Each individual twin fetus was classified into 1 of the following 3 groups based on their respective last growth ultrasound assessment before delivery: growth restricted (EFW<10%) according to
both the Hadlock and NICHD growth standards, growth restricted according to the Hadlock growth standard only, or not growth restricted by either growth standard; b Multivariable GLMM-derived
subject-specific odds ratios (95% CIs) and P values adjusted for maternal covariates, Holm-Bonferroni adjustments for pair-wise comparisons, and a random effects component to account for twin-
pairs. Covariate adjustments include maternal race, age, diabetes (gestational or pregestational vs none), mode of delivery (vaginal vs cesarean delivery), and body mass index at delivery (ordinal,
<25; 25e29.9; 30e34.9; 35e39.9; �40); c Mild neonatal composite included oxygen or CPAP need for <72 hours, hypoglycemia, hypocalcemia, hyperbilirubinemia, IVH grade I or II; d XXX;
e Severe neonatal composite included necrotizing enterocolitis (NEC) grade 2Aþ, IVH grade III or IV, BPD, mechanical ventilation, and neonatal death.

Shea et al. Twin-specific growth references for dichorionic diamniotic twins. Am J Obstet Gynecol 2021.
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improperly diagnose pathologic FGR in
a substantial number of twin gestations,
potentially leading to increased antenatal
surveillance, increased maternal anxiety,
and unnecessary iatrogenic preterm de-
livery. More research is needed to aid in
the clinical challenge of definitively
differentiating the alterations in twin
growth that is associated with the normal
adaptive process from those of actual
FGR that is associated with increased
perinatal morbidity and mortality.
However, until more definitive clinical
indicators are identified, careful consid-
eration should be given before acting on
a diagnosis of FGR in dichorionic twin
gestations based solely on a singleton
growth reference.

Research implications
Future research should aim to more
definitively differentiate between patho-
logic FGR and normal growth trajectory
alterations occurring in twin gestations
compared with singleton pregnancies.
Future studies should include a consid-
eration of the umbilical artery Doppler
assessment because abnormal Doppler
studies have been independently linked
to increased perinatal morbidity and
mortality.25,26 In addition, because this
study only included dichorionic twin
pregnancies, future work should deter-
mine whether similar findings occur
withmonochorionic twin pregnancies as
well. Furthermore, previous studies have
suggested race-specific and gender-
specific differences in growth trajec-
tories.27,28 We did not investigate
neonatal outcomes based on race or
gender, and this is a potential area for
future research investigations. Lastly, as
our study only addressed the ability of
different growth references to detect
FGR associated with adverse neonatal
outcomes; similar studies should be
JUNE 2021 Ameri
conducted in the future to explore
whether a twin-specific vs singleton
growth reference better classifies FGR
associated with long-term morbidity.

Strengths and limitations
As previously mentioned, a strength and
novelty of this study is that a sono-
graphic estimate of fetal weight was used
to categorize adverse neonatal outcomes
instead of using birthweight. Many
studies looking at adverse neonatal out-
comes have used birthweight and SGA as
a proxy for FGR, which is an antepartum
diagnosis.18,19,29e31 This distinction is
important because, by definition, SGA
and birthweight are postnatal diagnoses
and are unknown outcomes during the
antenatal care period and obstetrical
management is guided by an ultrasonic
assessment of the EFW percentile.
Additional strengths include our sample
size, which consisted of more than 100
can Journal of Obstetrics & Gynecology 603.e7
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twin infants in each category, a diverse
maternal population, and a short time
interval between the last ultrasound and
delivery.

A limitation of this study is that we did
not have access to umbilical artery
Doppler information in our ultrasound
analysis. As mentioned previously, ab-
normalities in umbilical artery Doppler
measurements have been linked to an
increased risk for adverse perinatal out-
comes.25,26 Inclusion of Doppler data
would make the study more robust.
Another significant concern and poten-
tial limitation to our study is the inability
to be absolutely certain about the accu-
racy of our antenatal to newborn twin
matching. A matching process described
in Materials and Methods was used to
ensure that individual twin estimated
fetal weights corresponded with their
neonatal outcomes. However, in a
retrospective study such as this, there
may have been instances in which a twin
was labeled as FGR or not in utero and
may not have been correctly matched
with its proper neonatal outcomes. We
believe this was a relatively rare occur-
rence because previous, similarly
designed studies have shown that the
frequency of this misclassification is
roughly 6% to 10%.32,33 In addition, we
believe that any such misclassification
would be randomly distributed and
should not have a systematic biasing ef-
fect on our results.

Another limitation is the varying time
intervals between the last ultrasound and
delivery. A shorter time interval between
the last ultrasound and delivery could
have potentially influenced the out-
comes. Nonetheless, we expect this
impact to be minimal given the relatively
short interval and the statistical
improbability of a previously growth
restricted fetus becoming appropriate
for gestational age with advancing
gestation. In addition, our interval is
within the ACOG guidelines of assessing
fetal growth every 4 weeks in dichorionic
twin gestations.34 An additional impor-
tant limitation is that our study does not
address whether a twin-specific growth
reference better identifies the potential
for long-term morbidity associated with
FGR. It is well established that FGR can
603.e8 American Journal of Obstetrics & Gynecol
have a negative impact on long-term
cardiovascular, endocrinological,
growth, and neurodevelopmental
outcomes.3,6e8,35,36 As a result, as
mentioned previously, comparing the
specificity of twin-specific growth refer-
ences and singleton growth references
for their ability to identify FGR fetuses at
increased risk for long-term morbidity
should be an important area of focus for
future studies. One final limitation is
with regard to our neonatal mortality
results. In our study, the outcome of
neonatal mortality was too rare to assess
independently. We acknowledge the
possibility of a beta error occurring
because of an underpowered sample size
in determining differences in this
outcome between the groups and
recognize that with a significantly larger
sample size, a difference in neonatal
mortality may have become apparent.

Conclusions
Our study shows that using a twin-
specific growth reference compared
with a singleton growth reference will
reduce by more than half the number of
dichorionic twins designated as FGR. In
addition, although our study does not
address the long-term outcomes, a twin-
specific growth reference is more specific
in the detection of FGR associated with
adverse outcomes in the neonatal period.
In dichorionic twin gestations, using a
singleton growth reference, such as the
Hadlock reference, will identify sub-
stantially more fetuses as FGR who have
no increased risk for neonatal morbidity
than those fetuses determined to be
appropriately grown for gestational age.
Consequently, those dichorionic, dia-
mniotic twin mothers at �32 weeks’
gestation will be subjected to unnec-
essary maternal anxiety, increased ante-
natal testing, and possibly iatrogenic
preterm delivery. n
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