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A B S T R A C T

Background

There is a need to standardize monitoring in obstetric research of twin pregnancies. Identification of birth weight discordance (BWD),
defined as a diAerence in the birth weights of twins, is a well-documented phenomenon in twin pregnancies. Ultrasound for the diagnosis
of BWD informs complex decision making including whether to intervene medically (via laser photo coagulation) or deliver the twins to
avoid fetal morbidities or even death. The question is, how accurate is this measurement?

Objectives

To determine the diagnostic accuracy (sensitivity and specificity) of ultrasound estimated fetal weight discordance (EFWD) of 20% and
25% using diAerent estimated biometric ultrasound measurements compared with the actual BWD as the reference standard in twin
pregnancies.

Search methods

The search for this review was performed on 15 March 2019. We searched CENTRAL, MEDLINE (Ovid), Embase (Ovid), seven other databases,
conference proceedings, reference lists and contacted experts. There were no language or date restrictions applied to the electronic
searches, and no methodological filters to maximize sensitivity.

Selection criteria

We selected cohort-type studies with delayed verification that evaluated the accuracy of biometric measurements at ultrasound scanning
of twin pregnancies that had been proposed for the diagnosis of estimated BWD, compared to BWD measurements aEer birth as a reference
standard. In addition, we only selected studies that considered twin pregnancies and applied a reference standard for EFWD for the target
condition of BWD.

Data collection and analysis

We screened all titles generated by electronic database searches. Two review authors independently assessed the abstracts of all
potentially relevant studies. We assessed the identified full papers for eligibility, and extracted data to create 2 × 2 tables. Two review
authors independently performed quality assessment using the QUADAS-2 tool. We excluded studies that did not report data in suAicient
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detail to construct 2 × 2 tables, and where this information was not available from the primary investigators. We assessed the certainty of
the evidence using the GRADE approach.

Main results

We included 39 eligible studies with a median study sample size of 140. In terms of risk of bias, there were many unclear statements
regarding patient selection, index test and use of proper reference standard. Twenty-one studies (53%) were of methodological concern
due to flow and timing. In terms of applicability, most studies were of low concern.

Ultrasound for diagnosis of BWD in twin pregnancies at 20% cut-o5

Twenty-two studies provided data for a BWD of 20% and the summary estimate of sensitivity was 0.51 (95% CI 0.42 to 0.60), and the
summary estimate of specificity was 0.91 (95% CI 0.89 to 0.93) (8005 twin pregnancies; very low-certainty evidence).

Ultrasound for diagnosis of BWD in twin pregnancies at 25% cut-o5

Eighteen studies provided data using a BWD discordance of 25%. The summary estimate of sensitivity was 0.46 (95% CI 0.26 to 0.66), and
the summary estimate of specificity was 0.93 (95% CI 0.89 to 0.96) (6471 twin pregnancies; very low-certainty evidence).

Subgroup analyses were possible for both BWD of 20% and 25%. The diagnostic accuracy did not diAer substantially between estimation
by abdominal circumference and femur length but femur length had a trend towards higher sensitivity and specificity. Subgroup analyses
were not possible by sex of twins, chorionicity or gestational age due to insuAicient data.

Authors' conclusions

Very low-certainty evidence suggests that EFWD identified by ultrasound has low sensitivity but good specificity in detecting BWD in
twin pregnancies. There is uncertain diagnostic value of EFWD; this review suggests there is insuAicient evidence to support this index
as the sole measure for clinical decision making to evaluate the prognosis of twins with growth discordance. The diagnostic accuracy of
other measures including amniotic fluid index and umbilical artery Doppler resistive indices in combination with ultrasound for clinical
intervention requires evaluation. Future well-designed studies could also evaluate the impact of chorionicity, sex and gestational age in
the diagnostic accuracy of ultrasound for EFWD.

P L A I N   L A N G U A G E   S U M M A R Y

Ultrasound during pregnancy for predicting di5erences in birth weight between twins

Background

Birth weight diAerences of more than 20% in twins is associated with poor outcomes for the mother and baby. Clinicians measure the
estimated fetal weight diAerences by ultrasound before birth and compare it to diAerences in birth weight aEer the babies are born. In this
review, we summarized data on whether the ultrasound measurements are accurate enough to predict birth weight diAerences in twins.

Study characteristics

We searched medical databases to March 2019 for studies comparing ultrasound measurements to birth weight diAerences and we
identified 39 studies. Twenty-two studies provided data on birth weight diAerences of 20% and 18 studies provided data on birth weight
diAerences of 25%.

Quality of the evidence

We assessed the quality of individual studies using a tool called "Quality Assessment of Diagnostic Accuracy Studies" (QUADAS-2) and the
overall quality by a recommended method called GRADE to find out the reliability of the evidence.

Key results

We found that ultrasound estimation of fetal weight diAerences compared to birth weight diAerences was not reliable. On average,
ultrasound detected birth weight diAerences of 20% and 25% only half the time. The quality of evidence was very low.

There is insuAicient evidence to support the use of ultrasound as the sole measure for detecting birth weight diAerences in twins, or poor
outcomes. The diagnostic accuracy of other measures including amniotic fluid volume (the fluid surrounding the babies in the womb)
or Doppler studies (which use sound waves to detect the movement of blood in the babies' blood vessels and the umbilical cord) in
combination with ultrasound to inform clinical decisions needs to be evaluated. Future well-designed studies could also research the
impact of whether the babies share a placenta (or not), the sex of the babies, and gestational age (time from woman's last menstrual
period), in the diagnostic accuracy of ultrasound for estimated birth weight diAerences.
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Summary of findings 1.   Ultrasound for diagnosis of birth weight discordance in twin pregnancies at 20% cut-o5

Sensitivity 0.51 (95% CI 0.42 to 0.60)

Specificity 0.91 (95% CI 0.89 to 0.93)

Preva-

lencesa

18% 15% 28%

Factors that may decrease certainty Effect per 1000 women testedOutcome No. of
studies
and

partici-
pants

Study design

Risk of
bias

Indirect-
ness

Incon-
sistency

Impreci-
sion

Publica-
tion bias

Pretest
proba-
bility of
18%

Pretest
proba-
bility of
15%

Pretest
proba-
bility of
28%

Test ac-
cura-
cy (cer-
tainty of
the evi-
dence)

True positives

(women with diagnosis of
birth weight discordance)

92 (76 to
108)

77 (63 to
90)

143 (118
to 168)

False negatives

(women incorrectly classi-
fied as not having diagnosis of
birth weight discordance)

22 stud-
ies,
1462
partici-
pants

Cohort-type
studies with
delayed verifi-
cation (cohort
type accuracy
study)

Very se-

riousb

Not seri-
ous

Very se-

riousc

Not seri-
ous

None

88 (72 to
104)

73 (60 to
87)

137 (112
to 162)

⊕⊝⊝⊝
Very low
d

True negatives
(women without diagnosis of
birth weight discordance)

746 (730
to 763)

774 (757
to 791)

655 (641
to 670)

False positives
(women incorrectly classified
as having diagnosis of birth
weight discordance)

22 stud-
ies,

6453
partici-
pants

Cohort-type
studies with
delayed verifi-
cation (cohort
type accuracy
study)

Very se-

riousb

Not seri-
ous

Very se-

riousc

Not seri-
ous

None

74 (57 to
90)

76 (59 to
93)

65 (50 to
79)

⊕⊝⊝⊝
Very low
d

CI: confidence interval.
aThe prevalence used to represent the pretest probability are the median, first quartile and third quartile of the prevalences of included studies.
bIn more than 50% of the studies there were unclear statements regarding index test, use of proper reference standard and flow and timing elements; in 1/3 of the studies, it
was unclear how the participants were selected.
cVery high unexplained heterogeneity in terms of sensitivity ranging from 0.16 to 1.00.
dGRADE certainty of evidence downgraded one level for risk of bias and two levels for inconsistency.
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Summary of findings 2.   Ultrasound for diagnosis of birth weight discordance in twin pregnancies at 25% cut-o5

Sensitivity 0.46 (95% CI 0.26 to 0.66)

Specificity 0.93 (95% CI 0.89 to 0.96)

Preva-

lencesa

19% 9% 27%

Factors that may decrease certainty Effect per 1000 women testedOutcome No. of
studies
and

partici-
pants

Study design

Risk of
bias

Indirect-
ness

Incon-
sistency

Impreci-
sion

Publica-
tion bias

Pretest
proba-
bility of
19%

Pretest
proba-
bility of
9%

Pretest
proba-
bility of
27%

Test ac-
cura-
cy (cer-
tainty of
the evi-
dence)

True positives

(women with diagnosis of
birth weight discordance)

87 (49 to
125)

41 (23 to
59)

124 (70
to 178)

False negatives

(women incorrectly classi-
fied as not having diagno-
sis of birth weight discor-
dance)

18 studies,
1679 par-
ticipants

Cohort-type
studies with
delayed verifi-
cation (cohort
type accuracy
study)

Very se-

riousb

Not seri-
ous

Very se-

riousc

Not seri-
ous

None

103 (65
to 141)

49 (31 to
67)

146 (92
to 200)

⊕⊝⊝⊝
Very low
d

True negatives
(women without diagnosis
of birth weight discordance)

753 (721
to 778)

846 (810
to 874)

679 (650
to 701)

False positives
(women incorrectly classi-
fied as having diagnosis of
birth weight discordance)

18 studies
4792 par-
ticipants

Cohort-type
studies with
delayed verifi-
cation (cohort
type accuracy
study)

Very se-

riousb

Not seri-
ous

Very se-

riousc

Not seri-
ous

None

57 (32 to
89)

64 (36 to
100)

51 (29 to
80)

⊕⊝⊝⊝
Very low
d

CI: confidence interval.
aThe prevalence used to represent the pretest probability are the median, first quartile and third quartile of the prevalences of included studies.
bAt least 50% of the studies had unclear statements regarding index test, use of proper reference standard and flow and timing elements.
cVery high unexplained heterogeneity in terms of sensitivity ranging from 0.1 to 1.00.
dGRADE certainty of evidence downgraded one level for risk of bias and two levels for inconsistency.
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B A C K G R O U N D

Target condition being diagnosed

Birth weight discordance (BWD), defined as a diAerence in the
birth weights of twins, is a well-documented phenomenon in
twin pregnancies (Bagchi 2006; Mahony 2006). Estimated fetal
weight discordance (EFWD) estimated by ultrasound is measured
using the formula: ((larger twin estimated weight – smaller twin
estimated weight)/larger twin estimated weight) × 100. EFWD
of 20% or greater has been shown to have significant impact
on fetal and perinatal outcomes. Growth discordance may occur
as a physiological BWD, when both twins are appropriate-for-
gestational-age, or as pathological BWD when at least one twin is
small-for-gestational age (Appleton 2007).

BWD is one of the major risk factors for adverse fetal, neonatal
and maternal outcomes (Demissie 2002; Kilic 2006; Wen 2006).
Demissie and colleagues found that the odds ratio of fetal death
varied from 1.26 to 12.75 and the odds ratio of neonatal death
varied from 1.02 to 3.43, depending on the degree of BWD. Kilic
and colleagues reported higher frequency of mortality, sepsis,
polycythaemia, hypoglycaemia, anaemia and respiratory distress
syndrome among discordant twins. Wen and coworkers reported
higher odds of maternal hypertension, eclampsia and other
medical complications associated with BWD. Depending on the
chorionicity, degree of discordance and the threshold used, BWD
occurs in about 15% to 30% of twin gestations (Lewi 2008; Lopriore
2012; Miller 2012). Fetal growth abnormalities are associated
with multiple conditions that aAect fetal or neonatal well-being,
such as twin-to-twin transfusion syndrome (TTTS), chromosomal
aberrations or structural defects. Excluding these conditions,
discordant growth by itself is recognized as an independent
risk factor for adverse perinatal outcomes (Mazhar 2010; Morin
2011; Suzuki 2009). BWD of 20% and 25% are the most common
thresholds used in the literature to identify adverse perinatal
outcomes (Jahanfar 2016a). One study suggested that BWD of
30% and greater is significantly associated with adverse perinatal
outcomes irrespective of chorionicity (Jahanfar 2016b).

Several mechanisms have been proposed for growth discordance
of fetuses exposed to the same intrauterine environment (Victoria
2001). For monochorionic (MC) twin pregnancies, the mechanism
is explained through conditions such as TTTS and intrauterine
growth retardation (IUGR). These two conditions result in greater
risk of fetal and neonatal mortality compared to dichorionic (DC)
twins. Technology is available to manage TTTS including amnio-
reduction and septotomy (Behrendt 2016), hence monitoring is
usually started as early as 20 weeks.

In the case of DC twin pregnancies, intrauterine growth restriction
and placenta pathology can cause growth discordance. Abnormal
cord insertion and insuAicient placental implantation in the uterine
wall are other proposed mechanisms for BWD. These conditions
are non-treatable; hence, the main management is to determine
fetal well-being and decide the optimal time for delivery to save the
growth discordant twins.

If the accuracy of ultrasound in assessing the 20% to 25% cut-oA is
known, it helps the complex decision making that the clinician goes
through in deciding whether to intervene medically (via laser photo
coagulation) or deliver the twins to avoid fetal morbidities or even
death.

Index test(s)

Ultrasound has been an important tool in the diagnosis of BWD
since 1972 (Hoopmann 2011; Woo 1939). Diagnostic ultrasound
is a sophisticated electronic technology, which utilizes pulses
of high-frequency sound to produce an image. In the past,
before ultrasound became available, abdominal palpation was
used, which is extremely poor for detecting growth discordance.
Radiological examination is not recommended since it is not safe
for the fetus.

Diagnosis of EFWD can be made via two modalities of ultrasound.

1. A series of diagnostic two-dimensional (2D) ultrasound
examinations is used to assess fetal growth of both twins;
identify chorionicity; and diagnose problems with cord, amnion
layers, congenital abnormalities and TTTS. Doppler ultrasound
is used to detect abnormal blood flow patterns in fetal/placenta
circulation which may indicate poor fetal prognosis (Alfirevic
2003).

2. Three-dimensional (3D) ultrasound to facilitate the assessment
of the placenta, such as surface-rendered imaging and volume
measurement, quantitative and qualitative assessments of the
vascularization, and blood flow of the placenta (Hata 2011).

The standard diagnostic test for fetal growth discordance is
ultrasound. Growth discordance can be estimated by measuring
crown rump length (CRL: the distance measured from the top of
the head to the bottom of the buttocks) at or before 12 weeks of
gestation (Tai 2007). Later, during the second and third trimesters,
other ultrasound measures such as biparietal diameter (BPD),
abdominal circumference (AC) and femur length (FL) are used to
estimate fetal weight and calculate the degree of BWD (Simoes
2011).

It is still unclear whether first or second trimester findings can
accurately predict BWD, what sonographic parameters assessed at
each trimester are reliable to assess for discordance or whether
any particular ultrasound modality (e.g. 2D or 3D) is superior to the
other.

Apart from EFWD, information on chorionicity is essential for the
management of a twin pregnancy for the following reasons.

1. MC twins are at greater risk of fetal morbidity and mortality due
to shared vascularization.

2. If monochorionicity is suspected at early ultrasound screening,
subsequent screening should be serially scheduled during the
second and third trimester.

Early ultrasound detection narrows down the diAerential diagnosis
for the underlying causes such as placenta sharing and subsequent
vascular anastomosis as an underlying cause of EFWD. Better
prognosis is expected for DC twin pregnancies as they do not share
placentas (Miller 2012). In simpler terms, MC twins have higher risk
of complications and should be assessed separately.

Second trimester ultrasound screening, from 16 to 24 weeks'
gestation is useful in measuring AC, amniotic fluid pockets,
identification of dividing membrane between amniotic sacs and
umbilical artery Doppler studies (Giles 1998; Rizzo 1993).

Third trimester ultrasound, aEer 24 weeks' gestation, aims at
identifying discordance or insuAicient fetal growth. Identification

Ultrasound for diagnosis of birth weight discordance in twin pregnancies (Review)
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of a discordant twin is crucial if one of the twin pairs is small-for-
gestational age rather than both being appropriate-for-gestational-
age.

It should be noted that there is overlap in the use of these diagnostic
tests from one trimester to another.

The standard of practice is to identify the growth discordance
in twin pregnancies using ultrasound (2D or 3D, or both) using
measurements (CRL, BPD, AC or FL) in either early (for CRL) or
late pregnancy (for BPD, AC and FL) and compare with the actual
birth weight. Since EFWD of 20% and 25% are associated with
adverse perinatal outcomes, we studied the diagnostic accuracy of
ultrasound at those threshold values.

Clinical pathway

In the management of a twin pregnancy, evaluation of fetal
growth is particularly important because growth restriction and
prematurity are major causes of morbidity and mortality reported
in twins compared with a singleton pregnancy (Adegbite 2004).
Most clinicians start monitoring MC twins for growth delay
and discordant growth from 18 weeks' gestation every two to
three weeks. Each twin's growth, amniotic volume and fetal
bladder volume are monitored for signs of oligohydramnios or
polyhydramnios. in contrast, in DC twins, fetal growth monitoring
by ultrasound usually begins aEer 20 weeks of gestation every four
to six weeks as fetal growth deceleration leading to discordance
is optimally detected between 20 and 28 weeks of gestation
(Gonzalez-Quintero 2003).

When discordant growth is identified in the absence of TTTS
or congenital abnormalities, intensive fetal monitoring of fetal
well-being is employed until delivery becomes indicated. In
mildly discordant twins, expectant management by frequent fetal
assessment is preferable to preterm delivery, given the limitation
of ultrasound diagnosis of growth discordance. In one large non-
randomized study of 2399 twin pregnancies, the sonographic
diagnosis of discordance greater than 25% was a poor predictor of
BWD, fetal loss aEer 22 weeks' and 28 weeks' gestation, perinatal
death and preterm birth before 34 weeks of gestation (D'Antonio
2014). In complicated twin pregnancies, in particular those with
fetal growth restriction and discordant growth, fetal well-being
assessment by a non-stress test (NST), biophysical profile (BPP),
amniotic fluid index (AFI) measurement and Doppler velocimetry
may be useful to identify which fetuses would benefit from early
delivery (Devoe 1995).

Ideally, a diagnostic test is expected to correctly identify all patients
with the assessed condition and to exclude all patients without it;
that is, to have a sensitivity and specificity of 100%. In practice,
however, it is extremely rare to find a test with equally high
sensitivity and specificity, when compared to the current gold
standard (BWD). For most tests, there is usually a trade-oA between
the measures. An approach to the test might vary depending on
the clinical context, which relates to the consequences of missed
diagnosis and magnitude of subsequent interventions if the test
is positive. If clinical priority would be to avoid missed diagnosis,
an adequate test in that case would be expected to have a high
sensitivity (low false-negative results), with lower specificity (higher
number of false-positive results). Thus, no woman with a growth
discordant twin pregnancy is missed by a test, but some still get
unnecessary interventions (intensive surveillance, early delivery,

consequential issues pertaining to prematurity such as admission
to the neonatal intensive care unit, costs associated with care
for the premature baby and increased distress for parents). An
alternative approach gives priority to a test that avoids unnecessary
invasive interventions. In this scenario, the emphasis should be on
a high specificity (close to 100%) with lower sensitivity (preferably
above 50%), which will rule out growth discordance of the twins,
but will not detect some women with this condition. Ruling
out growth discordance eliminates the need for further clinical
intervention. Ideally, a test with high sensitivity and specificity is
most useful in a clinical setting, which will help in eAicient patient
counselling and ongoing pregnancy management. Improving the
selection of patients who might benefit from interventions such
as laser coagulation or amnioreduction or early delivery would
be of considerable benefit to neonates, mothers, families and the
community.

Rationale

Guidelines provide conflicting advice about the time, frequency
and type of ultrasound measurements that reliably diagnose
growth discordance. According to the American College of
Obstetricians and Gynecologists (ACOG), growth discordance is
defined as a diAerence of AC of 20 mm or estimated fetal weight
(EFW) diAerence of 20% (ACOG Committee 2004). The Society
of Obstetricians and Gynecologists of Canada recommends that
the EFW be derived from bi-parietal diameter with AC or a
combination of AC and FL (Okun 2000). ACOG does not provide
recommendations on the frequency of ultrasound examinations
for twins while the green guideline from the Royal College of
Obstetricians and Gynecologists advocates screening ultrasound
for MC twins every two to three weeks from 16 weeks’ gestation
onwards (NICE 2011).

For DC twins, the issues related to feto-placental perfusion leading
to growth discordance can be clarified by screening ultrasound.
However, there are no guidelines on the optimal gestation at which
to start screening, or the frequency and gestations for subsequent
screenings. Moreover, gender is an important factor that has
interaction with BWD and perinatal outcomes (Melamed 2009;
Miller 2012). Identifying the gender mix by ultrasound improves
predictability of antenatal outcomes (Di 2007). Thus, the accuracy
of ultrasound to identify gender is also crucial. As a part of
this review, we investigated the impact of gender on BWD as a
confounding factor.

The variation in recommendations made in the guidelines arises
from the fact that the ability to estimate abnormal growth is
challenging. It is not clear if the antenatal prediction of a critical
BWD by fetal weight estimation formulae ((birth weight of heavier
twin – birth weight of lighter twin)/birth weight of heavier twin)
two to three weeks prior to delivery (Caravello 1997), provides an
accurate estimation of BWD (Kalish 2003; Klam 2003; van Mieghem
2009). The pooled sensitivity for ultrasound prediction of BWD of
25% or greater, in three studies, was 63% for a false-positive rate of
2% (Caravello 1997; Diaz-Garcia 2010; Gernt 2001).

The existing uncertainties are further complicated by an
inconclusive predictive value of early (first-second trimester) versus
late detection (two to three weeks prior to delivery) of growth
discordance, use of diAerent sonographic estimates (AC versus
FL), and reliance on the retrospective nature of study designs
and small sample sizes of existing literature. Literature suggests

Ultrasound for diagnosis of birth weight discordance in twin pregnancies (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

6



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

that biometric measurements of EFWD at early gestation or
during the second trimester have significantly diAerent precisions
(Banks 2008; Tai 2007). Moreover, the eAicacy of a single
biometric measurement, such as CRL or AC with or without
other measurement(s), in predicting BWD, is controversial (Banks
2008; Bhide 2009; Chamberlain 1991; Chitkara 1985). The most
popular current methods for predicting discordant growth in twin
gestations have limited accuracy when held to a standard for
discordance that requires a birth weight diAerence of at least 20%
(Caravello 1997), as sonography tends to underestimate the degree
of discordance (Chang 2006).

We reviewed and summarized the evidence for the diagnostic
accuracy of antenatal ultrasound for EFWD compared to the BWD
to inform clinical practice.

O B J E C T I V E S

To determine the diagnostic accuracy (sensitivity and specificity) of
ultrasound estimated fetal weight discordance (EFWD) of 20% and
25% using diAerent estimated biometric ultrasound measurements
compared with the actual BWD as the reference standard in twin
pregnancies.

Secondary objectives

To explore heterogeneity related to gestational age, sex and
chorionicity. We planned to perform subgroup analyses for:

1. assessing the sensitivity and specificity of available diagnostic
ultrasound tests in subgroups of twin pregnancies at various
gestational ages by week (less than 28 weeks, 28 to 32 weeks, 32
to 36 weeks and more than 36 weeks);

2. assessing the sensitivity and specificity of each diagnostic
ultrasound test in twin pregnancies with same-sex versus
opposite-sex twins;

3. assessing the sensitivity and specificity of each diagnostic
ultrasound test in dichorionic diamniotic versus monochorionic
diamniotic twins.

We anticipate the following potential sources of heterogeneity.

1. Clinical factors: characteristics of study population (gestational
age, chorionicity, inclusion of high-risk pregnancy complicated
by underlying maternal–fetal conditions, breastfeeding).

2. Methodological factors: study design (patient selection,
prospective versus retrospective studies, time of test
performance (time between index test and reference standard),
clinical settings (tertiary centre versus community health care),
multiple testing versus single testing for diagnosis of high-risk
pregnancy complicated by maternal–fetal conditions).

3. Other factors: geographic area (high-, middle- and low-income
countries), year of publication.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included cohort-type studies with delayed verification design
that assessed EFWD of 20% compared to BWD of 20% and EFWD
of 25% compared to BWD of 25%. We included only studies that
reported both the index test and reference standard.

Participants

Twin pregnancies with ultrasound measurements to determine
EFWD at any stage of pregnancy. The twin pregnancies included any
type of chorionicity, any type of conception, and any maternal age
and body mass index. We excluded pregnancies with inappropriate
comparisons that were likely to distort an assessment of the
diagnostic value of antenatal ultrasound (e.g. pregnancies that
includes twins with one stillbirth, or other multiple pregnancies
such as triplets or quadruplets).

Index tests

Any type of biometric measurements assessing EFWD, when either
used as a single measurement, combinations or defined formulas,
inclusive of CRL, BPD, AC and FL. The measurements were eligible
if performed using transabdominal or transvaginal ultrasound,
machines of any brand based on 2D or 3D ultrasound methods.

Target conditions

The target condition was BWD in twin pregnancies, which occurs
when there is a disparity in birth weight between the larger and
smaller infants of a twin set. For this review, we included studies
that had investigated growth discordance of 20% or greater and
growth discordance of 25% or greater.

Reference standards

Ultrasound EFWD of 20% was used to diagnose a prespecified
BWD of 20% and an ultrasound EFWD of 25% was used to
diagnose a prespecified BWD of 25%. BWD was calculated using
the formula: ((larger estimated weight – smaller estimated weight)/
larger estimated weight) × 100 and was categorized as those
below or above a 20% threshold. Birth weight was accepted as
estimated by using either electronic or mechanical scales of any
type (bench-top, portable, hanging, compact or not identified) from
any manufacturer. Measurements were considered if performed in
the hospital (labour ward, nursery or newborn intensive care unit)
by trained medical personnel (doctor, nurse, midwife, paramedic).
We included only the measurements performed within seven
days of birth. Where available, the data on scale calibration, and
whether baby was wet or dried before weighing were recorded and
incorporated in the QUADAS-2 quality assessment tool.

Search methods for identification of studies

We adopted a comprehensive search of multiple sources for eligible
studies. We searched for unpublished and published studies using
databases and conference proceedings as outlined below.

A librarian developed the search strategy following the
recommendations in the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy (de Vet 2013). The searches were
not limited to particular types of study design or have language
or publication date restrictions. The search strategy incorporated
words in the title, abstract, text words across the record and the
subject headings. The search strategies for major databases are
presented in Appendix 1.

Electronic searches

We searched the following electronic databases from inception to
March 2020.
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• Cochrane Central Register of Controlled Trials (CENTRAL; 2020,
Issue 3) via the Cochrane Library.

• MEDLINE via Ovid (from 1946).

• Embase via Ovid (from 1980).

• CINAHL (from 1982).

• ISI Web of Science Core Collection (from 1900).

• Trip Database (from 1997).

• PubMed Systematic Reviews subset (from 1946).

• DARE and NHS EED via the University of York (1994 to 2015).

• HTA (2003 to 2018).

• Prospero via the University of York (2011).

Searching other resources

Additional searches included:

1. a hand search of Australasian Journal of Ultrasound in Medicine
(2009); Canadian Journal of Medical Sonography (2013), the
reference lists of all the included studies and the seminal reviews
from the field; and

2. communication with at least five experts in the field asking them
to review our reference list and identify any studies that may be
missing.

Data collection and analysis

We performed data extraction and handling, assessment of
methodological quality and statistical analyses based on the
recommendations of the Diagnostic Test Accuracy (DTA) group
and their Internet-based tutorials (methods.cochrane.org/sdt/dta-
author-training-online-learning).

Selection of studies

One review author scanned the titles of studies identified by our
search to remove any clearly irrelevant articles and scanned the
titles and abstracts of the remaining studies to select potentially
relevant articles. Two review authors independently reviewed
full-text versions of the articles selected by title and abstract
and assessed their eligibility for inclusion. We resolved any
disagreements by discussion and, if necessary, with a third review
author, who was an expert in the field and in methodological
aspects of Cochrane systematic reviews.

When we identified the reports that updated previous publications
of the same study population at diAerent recruitment points, the
earlier records were classified as excluded. The most complete
data set that superseded previous publications were used to avoid
double counting participants or studies.

We retrieved missing data by contacting the authors of identified
studies directly to clarify the study eligibility. Potentially relevant
studies in languages other than English were translated where
possible.

For excluded studies, we documented the reasons for exclusion
with details of which criteria were not met. We produced
Characteristics of included studies, Characteristics of excluded
studies and Characteristics of studies awaiting classification tables.

A single failed eligibility criterion was suAicient for a study to be
excluded from the review.

Data extraction and management

We used a structured, piloted form to extract data from
included studies. Two review authors independently extracted
study characteristics and resolved disagreements by discussion. If
disagreements persisted, a third review author resolved the issues.
We extracted information on: author, year of publication, journal;
study design; timing of data collection (prospective, retrospective);
setting (inpatients, outpatients); study population (age, parity,
obesity); type of index test and reference standard and data on
index and reference test operators. We used the reported number
of true positives (TP), false negatives (FN), true negatives (TN) and
false positives (FP) to construct a 2 × 2 table for each index test. If
these values were not reported, we attempted to reconstruct the 2
× 2 tables from the summary estimates presented in the article. We
entered data into Review Manager 5, and used this to graphically
display the quality assessment, study level data as forest plots and
summary estimates as summary receiver operating characteristics
(SROC) plots with studies and summary points (Review Manager
2014).

Assessment of methodological quality

We used the Quality Assessment of Diagnostic Test Accuracy
Studies-2 (QUADAS-2) to assess the methodological quality of
included studies. The QUADAS-2 tool was applied in four phases:
summarize the review question, tailor the tool and produce review-
specific guidance, construct a flow diagram for the primary study,
and judge bias and applicability (Whiting 2011). Each paper was
judged at 'low', 'high' or 'unclear' risk of bias for each of four
domains, and concerns about applicability were assessed in three
domains. The review-specific QUADAS-2 tool and explanatory
document are presented in Appendix 2. Two review authors
independently piloted the review-specific tool to rate three of the
included studies. The tool was utilized if there was a high level
of agreement at the pilot stage. Similarly, two review authors
independently applied the QUADAS-2 tool to the full text of each
study. We resolved disagreements by discussion, or if needed, by
a third review author. We used Review Manager 5 to construct
methodological quality summary graphs (Review Manager 2014).

We assessed the certainty of evidence and reported it according to
GRADE for diagnostic test studies (Schünemann 2019; Schünemann
2020a; Schünemann 2020b). We used GRADEpro soEware to
generate 'Summary of findings' tables (GRADEpro GDT).

The prevalences for assessing pretest probability were the median,
lower and higher quartiles of the prevalences of the target
condition (BWD) in the included studies (Oerbekke 2020).

Statistical analysis and data synthesis

We performed statistical analyses following recommendations
presented in Chapter 10 of the Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy (Macaskill 2013).

The unit of analysis in the included studies was twin pregnancy,
rather than twins themselves, as BWD is a single calculated
measure estimated using biometric measurements of two fetuses.
We extracted the absolute counts of TP, FP, FN and TN from each
study. TP was defined as ultrasound positive for EFWD greater than
or equal to 20% or 25% by biometric ultrasound measurements
(CRL, AC, FL) confirmed by BWD of greater than or equal to 20% or
25% aEer birth. FP was defined as ultrasound positive for EFWD,
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as defined above, without BWD aEer birth. FN was a negative
ultrasound for EFWD of greater than or equal to 20% or 25% with
the diagnosis of BWD of greater than or equal to 20 or 25%. Finally,
TN was a negative ultrasound for EFWD of 20% or 25% and without
BWD of 20% or 25% aEer birth.

Two review authors extracted the counts separately and discussed
disagreements before engaging a third review author to resolve any
disagreements. We then transferred the data into Review Manager
5 to produce plots and estimates (Review Manager 2014).

We used the counts (TP, FP, FN and TN) to construct 2 × 2 tables to
estimate sensitivity and specificity with 95% confidence intervals
(CIs) for each study. We plotted estimates of the sensitivities and
specificities, with their 95% CIs, in forest plots (Chu 2006). The
results of the index tests were dichotomous (positive or negative).
The bivariate random-eAects approach enabled us to calculate
the summary estimates of sensitivity and specificity with 95%
CI) (Deeks 2019; Macaskill 2013). The bivariate model also deals
with variation beyond chance in sensitivity and specificity between
studies and any correlation that may exist between sensitivity and
specificity. We calculated summary estimates of sensitivity and
specificity using 'xtmelogit' using ‘metandi’ and MIDAS packages
(Dwamena 2009; Harbord 2007; Harbord 2009) for Stata (Stata Corp,
College Station, TX). We generated forest plots with 95% CIs for
sensitivity and specificity and SROC plots in Review Manager 5
(Review Manager 2014).

When a meta-analysis was possible, we planned to use test-
level covariates in the bivariate logit-normal model to identify
statistically significant diAerences but there were insuAicient data
for covariates of sex and chorionicity. We planned to stratify our
analysis using categories of gestational age (below or equal to
24 weeks of gestation, below or equal to 32 weeks of gestation,
below or equal to 37 weeks of gestation). However, the data were
too variable, and the recorded gestational age was presented as
ranges rather than one cut-oA point for gestational age. Hence,
we decided not to pool the data in respect of gestational age. We
calculated positive (LR+) and negative (LR–) likelihood ratios by
using summary sensitivity and specificity.

Investigations of heterogeneity

We investigated heterogeneity for the diagnostic tests where there
were suAicient data (more than 10 included studies). Steps taken
were as follows.

We planned to start the investigation of heterogeneity through
visual examination of the forest plots by grouping according to
covariates all the items listed as potential sources of heterogeneity
(e.g. type of ultrasound, year of publication, geographic areas (high-
income versus low- and middle-income countries), consecutive
enrolment, blinding of the operators to clinical data, modifications
applied to the widely accepted method of imaging techniques
(such as 2D and 3D acquisition), number of index test operators
and missing data. There were insuAicient data to allow grouping
according to the above covariates.

We planned to investigate heterogeneity by meta-regression if
data were available for the covariates; type of ultrasound (2D,
3D), gender determination (yes/no), gestational age (continuous

variable), type of study (prospective versus retrospective),
chorionicity determination (yes/no), estimated BWD threshold
(10% or greater versus 20% or greater) and time frame between
index test and delivery. There were insuAicient data to allow
grouping according to the above covariates.

We planned to investigate methodological sources of heterogeneity
using meta-regression analysis. These were to be listed as
verification bias, incorporation bias, diagnostic review bias, and
clinical review bias. Prespecified variables were inclusive of
clinical settings (tertiary centre versus community health care)
and high-risk pregnancy complicated by underlying maternal–fetal
conditions (yes/no). Maternal complications included hypertensive
disorders, gestational diabetes and antepartum haemorrhage.
Fetal complications includes TTTS, major structural congenital
anomalies, stillbirth of one twin and IUGR. We were unable
to perform meta-regression analyses for the above-mentioned
covariates due to lack of data.

Sensitivity analyses

We planned to conduct sensitivity analyses based on 'type of study
design' (prospective versus retrospective study designs) and the
individual quality items of QUADAS-2 tool, but suAicient data were
not available.

Assessment of reporting bias

We did not plan to use funnel plots to evaluate the impact of
publication bias or other biases associated with small studies,
because, according to Leeflang and colleagues, the tests commonly
used in interventional systematic reviews for publication bias are
not useful for diagnostic testing reviews (Leeflang 2008). Deeks and
colleagues verified that the use of an asymmetric eAective sample
size plot to detect publication bias lacks power in situations where
sample variability is present (Deeks 2005). We attempted to use
unpublished data to minimise reporting bias.

R E S U L T S

Results of the search

Results of database searches to March 2019 yielded 3566 records. Of
these, we removed 17 duplicates and 3480 records at the title and
abstract level (Figure 1). Of the remaining 69 articles, we excluded
30 at full paper screening due to a variety of reasons (abstract only,
irrelevant outcomes, inappropriate comparator, inappropriate
patient population, literature review, duplicate records and
inappropriate indication; see Characteristics of excluded studies
table). We finally included 39 studies, all of which evaluated the
index test of EFWD by ultrasound measurements compared to
the reference standard of actual birth weight measured at birth
(Bimson 2012; Bimson 2014a; Bimson 2014b; Blickstein 1989;
Blickstein 1996; Caravello 1997; Chamberlain 1991; Chang 2006;
Chauhan 1995; Crane 1980; D'Antonio 2013a; D'Antonio 2014;
Danon 2008; Diaz-Garcia 2010; Fox 2011; Hehir 2017; Hill 1994;
Hoopmann 2011; Jensen 1995; Johansen 2014; Kalish 2003; Kim
2015; Klam 2005; Machado 2007; MacLean 1992; Murray 2014;
Nakayama 2014; O'Connor 2013; Reberdao 2010; Sayegh 1993;
Secher 1985; Shahshahan 2011; Simoes 2011; Storlazzi 1987; van de
Waarsenburg 2015; van Mieghem 2009; Watson 1991; Zipori 2016;
Zuckerwise 2015).
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Figure 1.   PRISMA flow diagram outlining the study selection process.
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The list and details of the included studies are presented in the
Characteristics of included studies table. The 39 eligible studies
had a median sample size of 140 and range of 38 to 2161 women
per study. Of these studies, 16 were conducted in Europe, seven
in Asia, 14 in North America and two in other geographical areas.
Nine studies were conducted at university hospitals, eight studies
were at tertiary centres, 11 studies were conducted in hospitals,
six studies were conducted at other settings and five studies did
not indicate their settings. Three studies were published prior to
1990, eight were published between 1991 and 2000, eight between

2001 and 2010, and the remaining 14 aEer 2010. All studies used
ultrasound by 2D, and none evaluated EFWD using 3D ultrasound.

Methodological quality of included studies

We assessed all 39 studies using the QUADAS-2 framework (Figure
2; Figure 3). All studies were observational cohort-type studies
with delayed verification. From the studies that reported BWD,
four received financial support. There were no studies whose
authors declared a conflict of interest. Thirty-one studies gave no
information on either of these two potential biases.

 

Figure 2.   QUADAS-2 risk of bias and applicability concerns graph including review authors' judgements about each
domain presented as percentages across included studies.
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Figure 3.   QUADAS-2 risk of bias and applicability concerns summary including review authors’ judgements about
each domain for each included study.
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Figure 3.   (Continued)

 
In terms of risk of bias, there were many unclear statements
regarding patient selection, index test, use of proper reference
standard, and flow and timing elements of the studies. In terms
of applicability, most studies were high quality, and there was low
concern. There was one study at high risk of bias based on the
judgments made about the index test. There were no studies at
high risk of bias based on the judgements made about the reference
standard, and, in 37 (90%), the risk was unclear. Twenty-one studies
(53%) were of methodological concern due to flow and timing.

We judged 36 studies (92%) at low concern of applicability concerns
in all three domains (Figure 3). Two studies had an unclear risk of
bias for the index test (Danon 2008; Nakayama 2014), and one study
with an unclear risk of bias for a reference standard (Hoopmann
2011).

We used the GRADE approach to evaluate the certainty of the
evidence. For both diagnostic performance of ultrasound at 20%
and 25% BWD, the certainty of evidence was downgraded one level

for risk of bias and two levels for inconsistency to give a final
estimation of very low certainty of evidence.

Findings

1. Diagnostic performance of ultrasound (20% di5erence in
birth weight as reference)

Twenty-two studies that estimated EFWD by ultrasound
measurements provided data for a discordance of equal to or
greater than 20% (Bimson 2014a; Bimson 2014b; Blickstein 1996;
Chamberlain 1991; Chang 2006; Chauhan 1995; D'Antonio 2013a;
Diaz-Garcia 2010; Fox 2011; Hill 1994; Jensen 1995; Johansen 2014;
Kalish 2003; Kim 2015; Machado 2007; MacLean 1992; Secher 1985;
Shahshahan 2011; Storlazzi 1987; van de Waarsenburg 2015; van
Mieghem 2009; Watson 1991). Median BWD of 20% prevalence
across the studies was 18% (range 9% to 50%). The findings and
certainty of evidence are detailed in Summary of findings 1.

Study level estimates of sensitivities and specificities are shown in
Figure 4.
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Figure 4.   A forest plot representing study level sensitivities and specificities that used an estimated fetal weight
discordance (EFWD) of 20%.

 
The sensitivities ranged between 16% and 100%, whereas the
specificities ranged between 66% and 99%. The summary estimate
of sensitivity was 0.51 (95% CI 0.42 to 0.60), and the summary
estimate of specificity was 0.91 (95% CI 0.89 to 0.93) (Table 1).
The summary receiver operating plot with the summary point
is illustrated in Figure 5. Most of the studies on the SROC plot

were close to the Y axis indicating high specificity but variable
sensitivity. The confidence regions were narrow for specificity but
not sensitivity. The large prediction region indicated the variability
of the diagnostic accuracy of future studies. The LR+ for EFWD by
ultrasound was 5.9 (95% CI 4.3 to 8.1), and for LR– was 0.53 (95% CI
0.44 to 0.64).
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Figure 5.   Summary receiver operating characteristic plot of studies assessing the accuracy of ultrasound based
on an estimated fetal weight discordance (EFWD) of 20%. Each study is represented as an ellipse with size of the
ellipse adjusted to the sample size of the study. The filled circle represents the summary point indicating summary
sensitivity and specificity of the meta-analytic estimate. Dotted closed line represents 95% confidence region and
the dashed line represents the 95% prediction region around the summary point.

 
Subgroup analyses of the 20% discordance based on
measurements by abdominal circumference versus femur length

Of the 22 studies that reported estimates with 20% cut-oA,
seven used AC (Blickstein 1996; Chamberlain 1991; Chauhan 1995;
D'Antonio 2013a; Diaz-Garcia 2010; Hill 1994; Storlazzi 1987) (Figure

6). Median disease prevalence across the studies was 26.3 (range
15.3 to 36.7). For AC as a measurement for EFWD, the summary
estimates of sensitivity was 0.57 (95% CI 0.48 to 0.66), and the
summary estimate of specificity was 0.84 (95% CI 0.72 to 0.92)
(Table 1). The LR+ for EFWD by ultrasound was 3.6 (95% CI 1.8 to
7.4), and for LR– was 0.51 (95% CI 0.38 to 0.68).
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Figure 6.   A forest plot representing sensitivities and specificities of the studies that used ultrasound abdominal
circumference to detect estimated fetal weight discordance (EFWD) of 20%. FN: false negative; FP: false positive; TN:
true negative; TP: true positive.

 
Among the 22 studies that reported estimates with 20% diAerence
in birth weight as reference, seven studies used FL for EFWD
(Chamberlain 1991; Chauhan 1995; D'Antonio 2013a; Diaz-Garcia
2010; Hill 1994; Storlazzi 1987; Watson 1991). The study level
sensitivity and specificity for ultrasound using FL are depicted in

Figure 7. For FL as a measurement for EFWD, the summary estimate
of sensitivity was 0.60 (95% CI 0.53 to 0.67), and the summary
estimate of specificity was 0.87 (95% CI 0.84 to 0.90) (Table 1). LR+
was 4.6 (3.4 to 6.1), and LR– was 0.46 (0.38 to 0.56).

 

Figure 7.   A forest plot representing sensitivities and specificities of the studies that used femoral length by
ultrasound to detect estimated fetal weight discordance (EFWD) of 20%. FN: false negative; FP: false positive; TN:
true negative; TP: true positive.

 
No subgroup analyses were possible based on gestational age,
sex discordance or chorionicity due to lack of suAicient data for
analysis.

2. Diagnostic performance of ultrasound (25% di5erence in
birth weight as reference)

Eighteen studies that EFWD by ultrasound measurements provided
data using a 25% diAerence in birth weight as reference (Bimson
2014a; Bimson 2014b; Blickstein 1996; Caravello 1997; Chamberlain
1991; Chang 2006; Crane 1980; D'Antonio 2013a; Danon 2008;
Diaz-Garcia 2010; Hoopmann 2011; Klam 2005; Nakayama 2014;
Reberdao 2010; Sayegh 1993; Simoes 2011; van Mieghem 2009;
Zipori 2016). Study level estimates of sensitivities and specificities

are shown in Figure 8. The sensitivities ranged between 1% and
100% whereas the specificities ranged between 79% and 100%.
The summary estimate of sensitivity was 0.46 (95% CI 0.26 to 0.66),
and the summary estimate of specificity was 0.93 (95% CI 0.89 to
0.96) (Table 1). The summary receiver operating plot along with
the summary point is illustrated in Figure 9. Most of the studies on
the SROC plot were close to the Y axis indicating high specificity
but variable sensitivity. The confidence regions were narrow for
specificity but not sensitivity. The large prediction region indicated
the variability of the diagnostic accuracy of future studies. The LR+
for EFWD by ultrasound was 6.7 (95% CI 3.0 to 14.9) and for LR– was
0.58 (95% CI 0.39 to 0.88). Findings and the certainty of evidence
(very low) are detailed in the Summary of findings 2.
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Figure 8.   A forest plot representing sensitivities and specificities of all the studies that used an estimated fetal
weight discordance (EFWD) of 25%. FN: false negative; FP: false positive; TN: true negative; TP: true positive.
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Figure 9.   Summary receiver operating characteristic plot of studies assessing the accuracy of ultrasound based
on an estimated fetal weight discordance (EFWD) of 25%. Each study is represented as an ellipse with size of the
ellipse adjusted to the sample size of the study. The filled circle represents the summary point indicating summary
sensitivity and specificity of the meta-analytic estimate. Dotted closed line represents 95% confidence region and
the dashed line represents the 95% prediction region around the summary point.

 
Subgroup analyses of the 25% discordance based on
measurements of abdominal circumference measurement
versus femur length

Among the studies that reported estimates with 25% diAerence
in birth weight as reference, seven studies used AC (Blickstein
1996; Caravello 1997; Chamberlain 1991; D'Antonio 2013a; Diaz-

Garcia 2010; Hoopmann 2011; Klam 2005). Study level sensitivity
and specificity for ultrasound using AC are depicted in Figure 10.
The pooled estimate of sensitivity was 0.42 (95% CI 0.27 to 0.58)
whereas that of the specificity was 0.88 (95% CI 0.76 to 0.94) (Table
1). LR+ was 3.3 (95% CI 1.6 to 6.9) and LR– was 0.67 (95% CI 0.51 to
0.87).
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Figure 10.   A forest plot representing sensitivities and specificities of the studies that used ultrasound abdominal
circumference to detect estimated fetal weight discordance (EFWD) of 25%. FN: false negative; FP: false positive; TN:
true negative; TP: true positive.

 
Among the studies that reported estimates with 25% diAerence
in birth weight as reference, we only found four studies used FL
(Chamberlain 1991; D'Antonio 2013a; Diaz-Garcia 2010; Hoopmann
2011). Study level sensitivity and specificity for ultrasound using FL

are depicted in Figure 11. The pooled estimate of sensitivity was
0.55 (95% CI 0.44 to 0.65) whereas that of the specificity was 0.91
(95% CI 0.89 to 0.92) (Table 1). LR+ was 5.8 (95% CI 4.3 to 7.9) and
LR– was 0.50 (95% CI 0.40 to 0.64).

 

Figure 11.   A forest plot representing sensitivities and specificities of the studies that used ultrasound femoral
length to detect estimated fetal weight discordance (EFWD) of 25%. FN: false negative; FP: false positive; TN: true
negative; TP: true positive.

 
No subgroup analyses were possible based on gestational age,
sex discordance or chorionicity due to lack of suAicient data for
analysis.

D I S C U S S I O N

Summary of main results

We evaluated the diagnostic accuracy of EFWD of 20% and 25%
using biometric ultrasound measurements compared with BWD as
the reference standard. We identified 39 studies that matched our
inclusion criteria. The summary estimate of sensitivity was 0.51
(95% CI 0.42 to 0.60), and the summary estimate of specificity was
0.91 (95% CI 0.89 to 0.93) at 20% discordance in BWD (Table 1).
The summary estimate of sensitivity was 0.46 (95% CI 0.26 to 0.66),
and the summary estimate of specificity was 0.93 (95% CI 0.89 to
0.96) at 25% discordance in BWD. Sensitivity and specificity did
not diAer substantively between the two cut-oA points (20% and
25%). We found that there was high variability in sensitivity ranging
from 0.1 to 1.0 but specificity was high with tight ranges for both
20% and 25% discordances in BWD. The certainty of the evidence
was very low due to high risk of bias in the included studies and
inconsistency.

Subgroup analyses were possible for ultrasound measurements
using AC and FL for both 20% and 25% discordance in BWD.
The sensitivities and specificities were not substantially diAerent
between these subgroups for both discordance cut-oAs, but
sensitivity and specificity were marginally better in studies that
used FL for EFWD estimation. No subgroup analyses were possible
based on gestational age, sex discordance or chorionicity due to
lack of suAicient data for analysis.

Overall, this systematic review found very low-certainty evidence
that ultrasound EFWD discordance between twins has poor
sensitivity but good specificity in predicting actual BWD and
suggested that FL performs slightly better than AC.

Leombroni 2017 reviewed limited data sources (PubMed, Embase
and CINAHL) and fewer studies (20). The review authors could not
perform comprehensive data synthesis for each AC discordance
cut-oA and were unable to report data on FL measurement.
They concluded that the optimal diagnostic performance of AC
discordance was for prediction of BW discordance of 25% or greater,
with a sensitivity of 70.8% and specificity of 86.4%. Our findings
suggest that there was no diAerence in ultrasound diagnosis of
EFWD between 20% and 25% discordance.

Strengths and weaknesses of the review

The strength of this review is implementing a comprehensive
search in a variety of databases and a large number of publications
reviewed. We followed the standard recommendations of the
Cochrane DTA (methods.cochrane.org/sdt/). We provide the most
up-to-date overall assessment of ultrasound in predicting BWD in
twins.

There are several limitations to this review.

1. We found considerable heterogeneity in sensitivity of the EFWD
measurement by ultrasound. The low sensitivity of EFWD would
miss a significant number of twins with BWD, which would
be clinically consequential. However, twins oEen have regular
screening so a missed diagnosis in one scan could potentially be
detected in a subsequent scan.
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2. We were able to analyze only two cut-oA points (20% and 25%).

3. Lack of stratification by gestational age; gestational age at
ultrasound examination is of great importance when assessing
the predictive accuracy of ultrasound for growth discordance.
We were unable to pool the data based on diAerent gestational
age due to the large variation in the extracted data. According
to the literature, growth discrepancy in twins usually occurs
in the third trimester (Puccio 2014). Hence, an ultrasound
assessment performed early in pregnancy cannot reliably
predict discordance.

4. Unable to conduct a subgroup analysis based on chorionicity
due to the failure of included studies in reporting chorionicity.
Since the pathophysiology of growth discordance diAers in MC
and DC twins, lack of chorionicity information in our analysis
may be reflected in the predictive accuracy of ultrasound in
identifying twins aAected by abnormal growth.

5. Studies included in the analysis used diAerent EFWD formulae
(Hadlock, Shepard, Ferrero) to predict fetal weight, and some
studies did not specify which formula they used to measure AC
or FL. The absence of stratification according to each specific
ultrasound weight formula might have hypothetically changed
the approximation of EFW for each twin, consequently aAecting
the estimated EFWD.

6. It is also worth noting that some of the included studies are old;
hence the technology used at the time may not have created as
sharp an image as the new ultrasound machine.

Applicability of findings to the review question

Performing ultrasound on 1000 twin pregnancies to detect BWD
of 20% or more with a median prevalence of BWD of 18% and
using a summary sensitivity of 0.51 and specificity of 0.91, 88
women will miss a correct diagnosis (FN) and miss a chance to have
beneficial interventions while 74 women will be diagnosed FP and
may be subject to unnecessary medical interventions. The FN rate
increases as the prevalence increases from 18% and more women
will have a missed diagnosis but the FP rate decreases (Summary
of findings 1).

Similarly, performing ultrasound on 1000 twin pregnancies to
detect BWD of 25% or more with a median prevalence of BWD of
19% and using a summary sensitivity of 0.46 and specificity of 0.93,
103 women will miss a correct diagnosis (FN) and miss a chance
to have beneficial interventions while 57 women will be diagnosed
FP and may be subject to unnecessary interventions (Summary of
findings 2).

BWD is associated with adverse perinatal outcomes in twin
pregnancy (Jahanfar 2017a). Therefore, it is crucial to measure
EFWD during routine ultrasound examinations. Our findings
suggest that ultrasound EFWD has low sensitivity but good
specificity in detecting discordance in actual BWD. There are a
few points to consider when interpreting the result of this review.
First, the reference standard that we used in this review (BWD) is
a reliable reference standard, and so the findings are applicable
to the review question. However, it should be noted that the
tests were performed in a health clinic or tertiary hospitals, and
our findings are, therefore, applicable only in these settings.
Publications selected for this review included twin pregnancies
with viable fetuses. Hence, the results of our review are not
applicable to pregnancies with stillbirth, triplets or quadruplets.
We were careful not to include the studies that did not define

BWD or did not report the EFWD formula as identified by our
review ((larger estimated weight – smaller estimated weight)/
larger estimate weight) × 100). In addition, we included only the
measurements performed within seven days of birth and measured
by a healthcare professional using either electronic or mechanical
scales. Examinations included in the analysis were 2D ultrasounds
performed during any stage of pregnancy. Since the test works
best in the third trimester, it is unlikely that it would be useful for
identifying and treating TTTS.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Very low-certainty evidence suggests that estimated fetal weight
discordance (EFWD) identified by ultrasound has a low sensitivity
but good specificity in detecting birth weight discordance (BWD)
in twin pregnancies. There is uncertain diagnostic value of EFWD;
this review suggests there is insuAicient evidence to support
this index as the sole measure for clinical decision making to
evaluate the prognosis of twins with growth discordance. The
diagnostic accuracy of other measures including amniotic fluid
Index and umbilical artery Doppler resistive indices in combination
with ultrasound for clinical intervention needs evaluation. Other
clinical factors that should be considered are gestational age,
chorionicity and real-time information about twin's heart rates and
are important in the management of twin pregnancies with growth
discordance. Currently, ultrasound is the only technology available
to identify BWD. Until a better technology or test with better
diagnostic accuracy is available, serial ultrasound to investigate the
growth of fetuses is necessary to evaluate the degree of intertwin
growth discordance.

Implications for research

Well-designed prospective cohort studies with delayed verification
that assess the diagnostic performance of EFWD is needed.
Stratification by gestational age, with diAerent fetal weight
discordance values (20% and 25%), chorionicity information and
sex discordance information are needed and may be useful
to reliably determine the diagnostic accuracy of ultrasound in
predicting growth discordance in twin pregnancies.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Patient Sampling Twin pregnancies with documented births; GA ≥ 24 weeks at deliv-
ery; US within 7 days of delivery

Patient characteristics and setting 241 twins, GA: mean 35.8 (SD 2.4) weeks

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing No excluded women indicated. US within 7 days of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Bimson 2012 
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Bimson 2012  (Continued)

 
 

Study characteristics

Patient Sampling DADC twin pregnancies with EFW within 2 weeks of delivery in the
3rd trimester

Patient characteristics and setting 231 twin sets (January 2006 to March 2013); GA: mean 36 weeks 2
days (SD 2 weeks), DADC twins

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing EFW within 2 weeks of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Bimson 2014a 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Bimson 2014a  (Continued)

 
 

Study characteristics

Patient Sampling DADC twins

Patient characteristics and setting 336 twin sets (January 2006 March 2013); GA: N/A; DADC twins

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing 1st trimester CRL, 2nd and 3rd trimester EFW

Bimson 2014b 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Bimson 2014b  (Continued)

Ultrasound for diagnosis of birth weight discordance in twin pregnancies (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

31



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Could the patient flow have introduced bias?   Low risk  

Bimson 2014b  (Continued)

 
 

Study characteristics

Patient Sampling Twin pairs delivered after 32 weeks' gestation and 1 US within 2
weeks of delivery

Patient characteristics and setting 178 twin pregnancies (1 September 1983 to 31 August 1986); GA:
discordants: mean 36.4 (SD 2.3) weeks, concordants: mean 37.1
(SD 2.3) weeks; hospital

Index tests AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women without AC, FL in both twins, and congenital
malformations in either twin. US was within 2 weeks of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Blickstein 1989 
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Blickstein 1989  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with complete sets of US measurements within
2 weeks of delivery delivered at Kaplan Hospital, Rehovot, Israel

Patient characteristics and setting 90 twin pregnancies with US within 2 weeks of delivery; GA: mean
36.1 (SD 2.9) weeks; hospital

Index tests EFW and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women who had measurements performed > 2 weeks
before delivery and had incomplete measurements

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Blickstein 1996 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Blickstein 1996  (Continued)

 
 

Study characteristics

Patient Sampling Live-born twin pairs born at tertiary centre with GA > 23 weeks, no
anomalies and US within 3 weeks of delivery

Caravello 1997 
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Patient characteristics and setting 242 twin pregnancies; GA: mean 32.8 (SD 4.1) weeks; tertiary cen-
tre

Index tests EFW or AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing US within 3 weeks of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Caravello 1997  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Caravello 1997  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with last US performed within 7–14 days of de-
livery

Patient characteristics and setting 85 twin pregnancies (enrolled from January 1985 to December
1988); GA at delivery: 36.9 weeks; hospital

Index tests EFW using either AC alone or AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women had an interval between US and delivery > 14
days, intrauterine death, BW was not within 6 hours of delivery or
EFW was unable to be determined

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Chamberlain 1991 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Chamberlain 1991  (Continued)

 
 

Study characteristics

Patient Sampling Twin births with GA ≥ 24 weeks, and US within 28 days of delivery

Patient characteristics and setting 1257 twin pregnancies (January 1991 to August 2002); GA: mean
35.2 (SD 2.6) weeks; hospital

Index tests EFWD using a combination of BPD, AC, HC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women had incomplete data. US was within 28 days of
delivery

Comparative  

Chang 2006 
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Chang 2006  (Continued)
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Study characteristics

Patient Sampling Twin pregnancies with FL, BPD and AC within 72 hours of delivery
at medical centre

Patient characteristics and setting 92 twin gestations; GA: mean 32.3 (SD 4.5) weeks; hospital

Index tests EFW using FL, BPD or AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing EFW within 72 hours of delivery. Excluded women were those with
fetal death or known structural or chromosomal abnormality

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Chauhan 1995 
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Chauhan 1995  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies

Patient characteristics and setting 18 twin pairs; GA: N/A; university

Index tests BPD

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women not indicated

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Crane 1980 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Crane 1980  (Continued)

 
 

Study characteristics

Patient Sampling All twin pregnancies registering for antenatal care by 11 weeks

Patient characteristics and setting 2161 twin pregnancies (enrolled 2000–2010); large regional cohort
of 9 hospitals over ten years

Index tests EFW using HC, AC and FL

Target condition and reference standard(s) Birth weight discordance

D'Antonio 2013a 
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Flow and timing Excluded women not described

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

D'Antonio 2013a  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

D'Antonio 2013a  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies registering for routine antenatal care by 11
weeks at antenatal care

Patient characteristics and setting 2399 twin pregnancies; GA: N/A; antenatal care in hospital

Index tests EFW based on HC, AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with termination of pregnancy, structural or
chromosomal abnormalities, pregnancies of unknown chorionici-
ty, monochorionic, monoamniotic, and higher-order multiple ges-
tations

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

D'Antonio 2014 

Ultrasound for diagnosis of birth weight discordance in twin pregnancies (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

D'Antonio 2014  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies > 500 g; GA > 24 weeks: absence of fetal malfor-
mations or hydrops

Patient characteristics and setting 278 twin pregnancies and 834 pregnancies in control; GA: mean
34.2 (SD 2.6); tertiary centre

Index tests EFW using Hadlock equation

Target condition and reference standard(s) Birth weight discordance

Flow and timing EFW within 3 days of delivery. Excluded women had pregnancies
complicated by gestational or pregestational diabetes

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Danon 2008 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Danon 2008  (Continued)

 
 

Study characteristics

Diaz-Garcia 2010 
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Patient Sampling Twin pregnancies with delivery ≥ 22 weeks and 1 US within 15
weeks of delivery

Patient characteristics and setting 283 participants (3-year period); GA mean 33.29 (SD 4.12) weeks;
tertiary referral centre

Index tests EFWD using a combination of formulas including BPD, HC, AC and
FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women did not have a 1st trimester US, had chromoso-
mal abnormalities or congenital malformations

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Diaz-Garcia 2010  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Diaz-Garcia 2010  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies > 24 weeks cared for and delivered in mater-
nal-fetal medicine practice centre

Patient characteristics and setting 343 twin deliveries (August 2005 to June 2010). Delivered by Ma-
ternal-Fetal Medicine practice

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with monoamniotic twins, GA < 24 weeks, preg-
nancies with didelphic or unicornuate uterus, and those with ma-
jor fetal anomalies

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Fox 2011 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Fox 2011  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with 2 weekly US surveillance from 24 weeks'
gestation with surveillance of monochorionic twins 2-weekly from
16 weeks at an academic perinatal centre

Patient characteristics and setting 1001 twin pairs (May 2007 to October 2009); GA: discordant: mean
35.3 (SD 3.0) weeks, concordant: mean 36.3 (SD 2.4) weeks; peri-
natal centres

Index tests EFW based on BPD, HC, AC and FL

Hehir 2017 
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Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with monochorionic pregnancies with TTTS, a
major structural abnormality, fetal aneuploidy or monoamnionic-
ity

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Hehir 2017  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Hehir 2017  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with US ≥ 15 weeks

Patient characteristics and setting 203 twin gestations; GA: 24.4–39.7 weeks, hospital

Index tests EFW from HC and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women not reported

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Hill 1994 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Hill 1994  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with US at 18–25 weeks' gestation and 1 US
within 14 days prior to delivery

Patient characteristics and setting 196 twin pregnancies; GA: median 35.6 (interquartile range 32.4–
37.0); university obstetrics/gynaecology department

Index tests EFW using BPD, HC, AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Fetuses with structural or chromosomal defects were excluded.
EFW within 14 days of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Hoopmann 2011 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Hoopmann 2011  (Continued)

 
 

Study characteristics
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Patient Sampling Twin pregnancies delivered at university hospital with final US
within 7 days of delivery

Patient characteristics and setting 73 twin pregnancies (1 January 1990 to 31 March 1993); GA: mean
37 (range 19–40) weeks; university hospital

Index tests EFW using BPD and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing US was within 7 days of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Jensen 1995  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Jensen 1995  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with 2 live fetuses and chorionicity determined
at the time of NT scan

Patient characteristics and setting 2038 diamniotic twin pregnancies (1 January 2004 to 31 December
2006); GA: N/A; Department of Obstetrics/Gynaecology

Index tests CRL discordance

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with pregnancies of unknown chorionicity,
monochorionic monoamniotic pregnancies and pregnancies with
known reduction from a higher number of multiples

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

Johansen 2014 
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DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Johansen 2014  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with US at 11–14 weeks' gestation

Patient characteristics and setting 157 dichorionic twin pregnancies (April 2000 to April 2002); GA:
mean 35.5 (SD 2.7) weeks; medical centre

Index tests CRL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with monochorionic pregnancies, chromosomal
anomalies and the loss of 1 or both fetuses

Kalish 2003 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Kalish 2003  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Kalish 2003  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with delivery at ≥ 35 weeks' gestations in med-
ical centre

Patient characteristics and setting 253 twin pregnancies (January 2007 to December 2013); GA: N/A;
medical centre

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women had complicated pregnancies such as preterm
labour, premature rupture of membranes, placenta previa, pre-
eclampsia, diabetes, TTTS, monoamniotic twin and congenital fe-
tal anomaly

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Kim 2015 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Kim 2015  (Continued)

 
 

Study characteristics

Patient Sampling Diamniotic twin pregnancies with 2 live births from tertiary care
centre

Patient characteristics and setting 503 diamniotic twin pregnancies (1 April 1994 to 11 January 2002);
GA: growth discordant twins: mean 34.4 (SD 2.9) weeks, growth
concordant twins: mean 35.6 (SD 2.9) weeks; tertiary care centre

Index tests EFW and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with chromosomal and structural anomalies,
pregnancies complicated by TTTS and intrauterine death of 1 or
both fetuses

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Klam 2005 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Klam 2005  (Continued)

 
 

Study characteristics

Machado 2007 
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Patient Sampling Twin pregnancies with US at university medical school

Patient characteristics and setting 221 twin pregnancies; GA: mean 35.6 (SD 2.7) weeks; medical
school

Index tests EFW with HC, AC, BPD and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with fetal malformation, TTTS, fetal death or un-
known outcome

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Machado 2007  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Machado 2007  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies beyond 28 weeks' gestation, with on 2 US and 1
within 3 weeks of delivery recruited from antenatal clinic

Patient characteristics and setting 107 twin pregnancies (1984–1987); GA: mean 36.1 (SD 2.4) weeks;
antenatal clinic

Index tests EFW using AC formula and AC and BPD formula

Target condition and reference standard(s) Birth weight discordance

Flow and timing US within 3 weeks of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

MacLean 1992 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

MacLean 1992  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies from academic centres with 2-weekly US from
24 weeks' gestation with surveillance of monochorionic twins 2-
weekly from 16 weeks

Patient characteristics and setting 960 twin pairs without TTTS; GA: N/A; academic centres

Index tests EFW, BPD, AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with twin pairs with TTTS

Comparative  

Murray 2014 
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Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Murray 2014  (Continued)
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Study characteristics

Patient Sampling Monochorionic twin pregnancies delivered at single referral cen-
tre, CRL at 8–10 weeks' gestation

Patient characteristics and setting 126 MCDA twin pregnancies; GA: mean 37.4 weeks; single referral
centre

Index tests CRL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with terminated pregnancies, 1 or both fetal
death before 10 weeks, twin-reversed arterial perfusion sequence,
triplets or reduction of high-order multiples, and anomalies diag-
nosed before 10 weeks' gestation

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Nakayama 2014 
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Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Nakayama 2014  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with CRL in 1st trimester, with BPD, HC, AC and
FL measured. Included women had 2-weekly growth scans from
24 weeks' gestation

Patient characteristics and setting 1001 twin pregnancies (May 2007 to October 2009); GA: N/A; peri-
natal centres

Index tests EFW, BPD, AC, FL and CRL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women had monoamnionicity, a major structural abnor-
mality or fetal aneuploidy

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

O'Connor 2013 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

O'Connor 2013  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with US within 2 weeks of delivery, and both
twins were alive at antenatal diagnosis centre

Reberdao 2010 
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Patient characteristics and setting 124 twin pairs; GA: N/A; antenatal diagnosis centre

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing US within 2 weeks of delivery. Excluded women not reported

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Reberdao 2010  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Reberdao 2010  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with US at GA > 23 weeks

Patient characteristics and setting 78 twin pairs; GA: N/A; general hospital

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with congenital anomalies

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Sayegh 1993 
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Sayegh 1993  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies delivered at university hospital

Patient characteristics and setting 80 twin pregnancies; GA: mean 251 (SD 22) days; hospital

Index tests EFW using BPD and abdominal diameter

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women not reported

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Secher 1985 

Ultrasound for diagnosis of birth weight discordance in twin pregnancies (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

69



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Secher 1985  (Continued)

 
 

Study characteristics

Shahshahan 2011 
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Patient Sampling Twin pregnancies with US at 7–14 week of pregnancy at hospital

Patient characteristics and setting 118 twin pregnancies; GA: mean 33.86 (SD 2.36) weeks; hospital

Index tests CRL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with monochorionic twins, and with 1st or 2nd
trimester pregnancy terminations

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Shahshahan 2011  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Shahshahan 2011  (Continued)

 
 

Study characteristics

Patient Sampling Twin gestations with US within 2 weeks before birth and both
twins were born alive at university hospital

Patient characteristics and setting 661 twin pregnancies (1 January 1994 to 30 June 2008); GA: con-
cordant: mean 35.6 (SD 2.2) weeks, appropriate-for-gestation-
al-age: mean 35.7 (SD 1.0) weeks, small-for-gestational-age: mean
33.5 (SD 2.7) weeks; hospital

Index tests EFW and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing US measured within 2 weeks before birth

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

Simoes 2011 
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DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Simoes 2011  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies at university health centre, with US every 2
weeks, and US within 2 weeks of delivery

Patient characteristics and setting 43 twin pregnancies; GA: 33.5 weeks; university health centre

Index tests EFW based on BPD and AC or FL and AC

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with congenital anomalies. US within 2 weeks of
delivery

Storlazzi 1987 
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Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Storlazzi 1987  (Continued)
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Could the patient flow have introduced bias?   Low risk  

Storlazzi 1987  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with antenatal surveillance at university med-
ical centre

Patient characteristics and setting 281 twin pregnancies (2008–2011); GA: median 35 + 0 weeks; med-
ical centre

Index tests EFW based on HC, AC and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with monoamniotic twin pregnancies, selective
feticide, congenital disorders, intrauterine fetal death, GA at birth
< 22 weeks, or BW < 500 g

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

van de Waarsenburg 2015 
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

van de Waarsenburg 2015  (Continued)

 
 

Study characteristics

Patient Sampling MCDA twin pregnancies with EFW at 16, 20 and 26 weeks' gesta-
tion, and within 2 weeks of birth at university hospital

Patient characteristics and setting 68 MCDA twin pregnancies; GA 35.7 weeks; hospital

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with intrauterine fetal death or twin-reverse ar-
terial perfusion sequence. EFW within 2 weeks of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

van Mieghem 2009 
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

van Mieghem 2009  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with fetal weight within 14 days of delivery

Patient characteristics and setting 94 twin pregnancies; GA: mean 33 (SD 2.5) weeks; hospital

Watson 1991 
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Index tests BPD, mean abdominal diameters and FL

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with congenital anomalies. EFW within 14 days
of delivery

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Watson 1991  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Watson 1991  (Continued)

 
 

Study characteristics

Patient Sampling MCDA twin gestations with NT and CRL measurements on US at
11–13 weeks' gestation

Patient characteristics and setting 89 twin pregnancies (August 2003 to August 2012); GA: mean 34.1
(SD) 3.3 weeks; hospital

Index tests EFW, CRL and NT

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with lethal anomalies at the time of scan, loss of
1 or both twins prior to scan or altered chorionicity findings

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Zipori 2016 
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Zipori 2016  (Continued)

 
 

Study characteristics

Patient Sampling Twin pregnancies with MCDA placentation with antenatal care at
single academic centre

Patient characteristics and setting 73 twin pairs; GA: non-discordant: mean 34.6 (SD 4.0) weeks, dis-
cordant: mean 32.4 (SD 4.6) weeks; academic centre

Index tests EFW

Target condition and reference standard(s) Birth weight discordance

Flow and timing Excluded women with pregnancies complicated by TTTS

Comparative  

Notes  

Methodological quality

Zuckerwise 2015 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Zuckerwise 2015  (Continued)

AC: abdominal circumference; BPD: biparietal diameter; BW: birth weight; CRL: crown rump length; DADC: diamniotic dichorionic; EFW:
estimated fetal weight; FL: femur length; GA: gestational age; HC: head circumference; MCDA: monochorionic diamniotic; N/A: not available;
NT: nuchal translucency; SD: standard deviation; TTTS: twin-to-twin syndrome; US: ultrasound.
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Allaf 2014 Research question did not include the reference standard.

Banks 2008 Index test difference in birth weight as reference did not match research question.

Ben-Ami 2015 Birthweight discordance cut-oA did not match research question.

Bora 2009 Research question did not include the reference standard.

Brown 1987 Birthweight discordance cut-oA did not match research question.

Chauhan 1996 Research question did not include the reference standard.

Chauhan 2004 Unable to construct 2 × 2 table from data.

D'Antonio 2013b Research question did not include the reference standard.

Esinler 2017 Research question did not include the reference standard.

Fajardo-Expósito 2011 Index test cut-oA did not match research question.

Gaziano 1998 Study did not address the index test.

Harper 2012a Index test cut-oA did not match research question.

Harper 2012b Study did not address the index test.

Harper 2012c Research question did not include the reference standard.

Harper 2013 Study did not address the index test.

Jensen 1992 Study did not address the index test.

Kremkau 1978 Article was not a published study.

Leombroni 2017 Article was a systematic review and meta-analysis.

Nakano 2015 Research question did not include the reference standard.

O'Brien 1986 Study did not address the index test.

Ocer 2011 Unable to construct 2 × 2 table from data.

Papaioannou 2011 Research question did not include the reference standard.

Ropacka-Lesiak 2012 Study did not address the index test.

Senoo 2000 Research question did not include the reference standard.

Shivkumar 2015 Research question did not include the reference standard.

Snijder 1998 Research question did not include the reference standard.
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Study Reason for exclusion

Stirrup 2016 Research question did not include the reference standard.

Suzuki 2009 Birthweight discordance cut-oA did not match research question.

Weissmann-Brenner 2012 Birthweight discordance cut-oA did not match research question.

Xu 1995 Research question did not include the reference standard.

 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Cut-oA 20% 22 8005

2 20% abdominal circumference 7 2846

3 20% femur length 7 2791

4 Cut-oA 25% 18 6471

5 25% abdominal circumference 7 3614

6 25% femur length 4 2714
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Test 1.   Cut-o5 20%

 
 

Test 2.   20% abdominal circumference

 
 

Test 3.   20% femur length
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Test 4.   Cut-o5 25%

 
 

Test 5.   25% abdominal circumference

 
 

Test 6.   25% femur length

 

 

A D D I T I O N A L   T A B L E S
 

Groups No. of studies Sensitivity (95% CI) Specificity (95% CI) LR+ LR–

BWD of 20% 22 0.51 (0.42 to 0.60) 0.91 (0.89 to 0.93) 5.9 (4.3 to 8.1) 0.53 (0.44 to 0.64)

EFWD by AC 7 0.57 (0.48 to 0.66) 0.84 (0.72 to 0.92) 3.6 (1.8 to 7.4) 0.51 (0.38 to 0.68)

Table 1.   Meta-analysis summary 
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EFWD by FL 7 0.60 (0.53 to 0.67) 0.87 (0.84 to 0.90) 4.6 (3.4 to 6.1) 0.46 (0.38 to 0.56)

BWD of 25% 18 0.46 (0.26 to 0.66) 0.93 (0.89 to 0.96) 6.7 (3.0 to 14.9) 0.58 (0.39 to 0.88)

EFWD by AC 7 0.42 (0.27 to 0.58) 0.88 (0.76 to 0.94) 3.3 (1.6 to 6.9) 0.67 (0.51 to 0.87)

EFWD by FL 4 0.55 (0.44 to 0.65) 0.91 (0.89 to 0.92) 5.8 (4.3 to 7.9) 0.50 (0.40 to 0.64)

Table 1.   Meta-analysis summary  (Continued)

AC: abdominal circumference; BWD: birth weight discordance; CI: confidence interval; EFWD: estimated fetal weight discordance; FL: femur
length; LR+: likelihood ratio of a positive test; LR–: likelihood ratio of a negative test.
 

 

A P P E N D I C E S

Appendix 1. Search strategy

CENTRAL

(ultraso* or sonogra* or doppler) and (twin* or (multiple and (birth* or pregnanc*)) and (weigh* or size or grow* or discordan*))

Ovid MEDLINE

1. ultrasonography/ or exp ultrasonography, doppler/ or exp ultrasonography, prenatal/

2. Laser-Doppler Flowmetry/

3. ultraso*.mp.

4. sonogra*.mp.

5. doppler.mp.

6. acoustic microscop*.mp

7. us.fs.

8. or/1-7

9. exp Twins/ or Twin discordance/ or exp Pregnancy, Multiple/

10. twin*.mp.

11. (multiple adj3 (pregnanc* or birth*)).mp.

12. or/9-11

13. exp Birth Weight/ or Fetal Weight/ or exp Fetal Growth Retardation/ or exp Infant, Low Birth Weight/

14. (weigh* adj3 (discordan* or diAer*)).mp.

15. bwd.mp.

16. (growth adj3 (discordan* or diAer* or retard*)).mp.

17. ((birth or newborn or neonat* or fetal or foetal or fetus or foetus) adj3 (weigh* or grow* or size)).mp.

18. or/13-17

19. 8 and 12 and 18

Ovid Embase

1. echography/ or doppler echography/ or doppler flowmetry/ or exp fetus echography/
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2. ultrasound/

3. exp fetal ultrasound monitor/

4. exp ultrasound transducer/

5. echograph/ or exp doppler device/ or exp ultrasound scanner/

6. (ultraso* or sonogra* or doppler or acoustic microscop*).mp.

7. or/1-6

8. exp twins/ or exp multiple pregnancy/

9. twin*.mp.

10. (multiple adj3 (pregnanc* or birth*)).mp.

11. or/8-10

12. exp birth weight/

13. exp intrauterine growth retardation/

14. (weigh* adj3 (discordan* or diAer*)).mp.

15. bwd.mp.

16. (growth adj3 (discordan* or diAer* or retardat*)).mp.

17. exp prenatal growth/

18. ((birth or newborn or neonat* or fetal or foetal or fetus or foetus) adj3 (weigh* or grow* or size)).mp.

19. or/12-18

20. 7 and 11 and 19

CINAHL

1. (MH "Ultrasonography") OR (MH "Ultrasonography, Doppler+") OR (MH "Ultrasonography, Prenatal+")

2. ultraso* or sonogra* or doppler or acoustic microscop*

3. twins

4. (MH "Twins") OR (MH "Pregnancy, Multiple+")

5. twin* or (multiple N3 (pregnanc* OR birth*)

6. (MH "Birth Weight") OR (MH "Fetal Weight")

7. (MH "Fetal Growth Retardat*")

8. weigh* N3 (discordan* or diAer*)

9. bwd

10. growth N3 (discordan* OR diAer* or retard*)

11. (birth or newborn or neonat* or fetal or foetal or fetus or foetus) N3 (weigh* or grow* or size)

12. s1 or s2

13. s3 or s4 or s5

14. s6 or s7 or s8 or s9 or s10 or s11

15. s12 and s13 and s14
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Web of Science Core Collection

TOPIC: (ultraso* or sonogra* or doppler) AND TOPIC: (twin* or (multiple NEAR/2 birth*) or (multiple NEAR/2 pregnanc*)) AND TOPIC: (weigh*
or size or grow* or discordan*)

DARE, NHS EED, HTA, Prospero, Trip database, PubMed systematic review subset

(ultraso* or sonogra* or doppler) and (twin* or (multiple and (birth* or pregnanc*)) and (weigh* or size or grow* or discordan*))

Appendix 2. QUADAS-2 risk of bias assessment tool

 

Domain 1 –participant selection

Description Describe methods of participant selection; describe included participants (previous testing, pre-
sentation, intended use of index test and setting)

Type of bias assessed Selection bias, spectrum bias

Review question Twin pregnancies with ultrasound measurements at any stage of pregnancy. The twin pregnancies
included any type of chorionicity, any type of conception, any body mass index, any maternal age
and any maternal condition

Information collected Study objectives, study population, selection (inclusion/exclusion criteria), study design, clinical
presentation, age, number enrolled and number available for analysis, setting, place and period of
the study

Signalling question 1 Did the study avoid inappropriate exclusions?

Yes If all the study participants with alive twin pregnancies were included

No If the study selected participants based on particular clinical features. This section should include
something indicated that the population was preselected and hence may not reflect the accurate
findings applied to general population. Example: only participants with or without specific medical
conditions; participants selected based on body-mass index; only participants attending certain
number of previous ultrasound examinations; only participants selected on the basis of other ante-
natal tests

Unclear If the study did not provide a clear definition of the selection (inclusion/exclusion) criteria and 'no'
judgement was not applicable

Signalling question 2 Was a consecutive or random sample of participants enrolled?

Yes If a consecutive sample or a random sample of the eligible participants was included in the study

No If a non-consecutive sample or non-random sample of the eligible participants was included in the
study

Unclear If this information was unclear

Signalling question 3 Was a case-control design avoided?

Yes If the study had a single set of inclusion criteria, defined by the clinical presentation (i.e. only par-
ticipants with alive twin pregnancy)

No If the study had > 1 set of inclusion criteria in respect to clinical presentation (i.e. participants with
alive twin pregnancy and participants with singleton pregnancies or additional group of partici-
pants used as historical cohort)
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Unclear If it was unclear whether a case-control deign was avoided or not

Risk of bias Could the selection of participants have introduced bias?

High If 'no' classification for any of the above 3 questions

Low If 'yes' classification for all the above 3 questions

Unclear If 'unclear' classification for any of the above questions and 'high' risk judgement was not applica-
ble

Concerns about applicability Are there concerns that the included participants do not match the review question?

High If the study population differed from the population defined in the review question in terms of de-
mographic features and comorbidity

Low If the study included only clinically relevant population that would have undergone the index test
in real practice

Unclear If this information was unclear; only studies with sufficient information on study population were
included, therefore, none of the included studies were anticipated to be classified as 'unclear'

Domain 2 – index test

Description Describe the index test, how it was conducted and interpreted

Type of bias assessed Test review bias, clinical review bias, interobserver variation bias

Review question Any type of ultrasound method and any type of biometric measurements for assessment of esti-
mated fetal weight

Information collected Index test name, description of positive case definition by index test as reported, examiners (num-
ber, level of expertise, blinding), interobserver variability, conflict of interests

Signalling question 1 Were the index test results interpreted without knowledge of the results of the reference stan-
dard?

Yes If the operators interpreting the index test were unaware of the results of reference standard. All
the index tests are expected to be performed and interpreted before execution of the reference
standard; therefore, none of the included studies are anticipated be classified as 'Yes' in response
to this question

No If the operators interpreting the index test were not blinded to the results of reference standard

Unclear If this information was unclear

Signalling question 2 Did the study provide a clear prespecified definition of what was considered to be a 'positive' re-
sult of index test?

Yes If study provided clear definition of positive findings, which was defined before execution/interpre-
tation of index test

No If definition of the positive result was not provided or if study described the findings derived from
the index test and not defined prior to its execution

Unclear If it was unclear whether the criteria were prespecified or not

  (Continued)
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Signalling question 3 Was the level of expertise of the index test operator provided?

Yes If test was performed/interpreted either by single operator or interpreted after collegial discussion
of the case

No If test was performed/interpreted independently by several operators

Unclear If this information was unclear

Signalling question 4 Were the same clinical data available when the index test results were interpreted as would be
available when the test is used in practice?

Yes If operators performing/interpreting the test were aware of suspected birth weight discordance or
of the clinical history (or both), but were not aware of the results of other imaging tests or of previ-
ous diagnosis of birth weight discordance, including the results of previous ultrasounds

No If operators performing/interpreting the test were not blinded to the results of other imaging tests
or tests raising suspicion for birth weight discordance

Unclear If this information was unclear

Risk of bias Could the conduct or interpretation of the index test have introduced bias?

High If 'no' classification for any of the above 4 questions

Low If 'yes' classification for all the above 4 questions

Unclear If 'unclear' classification at least for 1 question and 'high' risk judgement was not applicable

Concerns about applicability Are there concerns that the index test, its conduct or interpretation differ from the review
question?

High We plan not to consider the studies where index tests other than ultrasound estimated fetal weight
measurements were included or where index test looked at other target conditions not specified
in the review (e.g. studies aimed at identifying maternal diseases); therefore, none of the included
studies is expected to be classified as 'high concern'

Low We considered all types of ultrasound methods and biometric parameters as eligible; therefore, all
the included studies are expected to be classified as 'low concern'

Unclear Only studies with sufficient information on index was included; therefore, none of the included
studies were classified as 'unclear'

Domain 3 –reference standard

Description Describe the reference standard, how it was conducted and interpreted

Type of bias assessed Verification bias, bias in estimation of diagnostic accuracy due to inadequate reference standard

Review question Target condition – birth weight discordance

Information collected Target condition, prevalence of target condition in the sample, reference standard, description of
positive case definition by reference test as reported, examiners (number, level of expertise, blind-
ing)

Signalling question 1 Is the reference standard likely to correctly classify the target condition?

  (Continued)
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Yes If the study reported ≥ 1 of the following: calibration of scales, electronic scales, timing of weighing
in relation to delivery or drying of neonate before weighing

No If the reference standard did not classify the target condition correctly; considering the inclusion
criteria, none of the studies are expected to be classified as 'no' for this item

Unclear If information on execution of the reference standard, its interpretation or operators was unclear

Signalling question 2 Were the reference standard results interpreted without knowledge of the results of the index
tests?

Yes If operators performing the reference test were unaware of the results of index test

No If operators performing the reference test were aware of the results of index test

Unclear If this information was unclear

Risk of bias Could the reference standard, its conduct or its interpretation have introduced bias?

High If 'no' classification for any of the above 2 questions

Low If 'yes' classification for all the above 2 questions

Unclear If 'unclear' classification for any of the above 2 questions and 'high risk' judgement was not applic-
able

Concerns about applicability Are there concerns that the target condition as defined by the reference standard does not
match the question?

High We excluded studies where participants did not have ultrasound measurement; therefore, none of
the included studies are expected to be classified as 'high concern'

Low Considering the inclusion criteria, all the studies are expected to be classified as 'low concern'

Unclear Only studies where scales to assess birth weight and universal formula to calculate birth weight
discordance served as a reference test was included; therefore, none of the included studies is ex-
pected to be classified as 'unclear concern'

Domain 4 –flow and timing

Description Describe any participants who did not receive the index tests or reference standard or who were ex-
cluded from the 2 × 2 table, describe the interval and any interventions between index tests and the
reference standard

Type of bias assessed Disease progression bias, bias of diagnostic performance due to missing data

Review question Birth weight discordance assessed within 7 days of delivery

Information collected Time interval between index test and reference standard, withdrawals (overall number of reported
and if were explained)

Signalling question 1 Was there an appropriate interval between index test and reference standard?

Yes If time interval was reported and was < 7 days

No We excluded all studies where the time interval was > 7 days; therefore, none of the included stud-
ies is anticipated to be classified as 'no' for this item

  (Continued)
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Unclear If time interval was not stated clearly, but authors description allowed the reader to assume that
the interval was reasonably short

Signalling question 2 Did all participants receive the same reference standard?

Yes If all participants underwent birth weight assessment and there are sufficient data to calculate
birth weight discordance; considering the inclusion criteria, all the studies are expected to be clas-
sified as 'yes' for this item

No If all participants did not undergo birth weight assessment or if only a subset of participants had
this assessment, but the information on this population was not available in isolation

Unclear If this information was unclear

Signalling question 3 Were all participants included in the analysis?

Yes If all the participants were included in the analysis or if the participants were excluded prior to ex-
ecution of index test or if the withdrawals were < 2% of the enrolled population (arbitrary selected
cut-oA)

No If any participants were excluded from the analysis because of uninterpretable results, inability to
undergo either index test or reference standard or unclear reasons

Unclear None of the studies expected to be classified as 'unclear' for this item

Risk of bias Could the patient flow have introduced bias?

High If 'no' classification for any of the above 3 questions

Low If 'yes' classification for all the above 3 questions

Unclear If 'unclear' classification for any of the above 3 questions and 'high risk' judgement was not applic-
able

  (Continued)
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