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Background Reliable ultrasound charts are necessary for the
prenatal assessment of fetal size, yet there is a wide variation of
methodologies for the creation of such charts.

Objective To evaluate the methodological quality of studies of
fetal biometry using a set of predefined quality criteria of study
design, statistical analysis and reporting methods.

Search strategy Electronic searches in MEDLINE, EMBASE and
CINAHL, and references of retrieved articles.

Selection criteria Observational studies whose primary aim was to
create ultrasound size charts for bi-parietal diameter, head
circumference, abdominal circumference and femur length in
fetuses from singleton pregnancies.

Data collection and analysis Studies were scored against a
predefined set of independently agreed methodological criteria
and an overall quality score was given to each study. Multiple
regression analysis between quality scores and study characteristics
was performed.

Main results Eighty-three studies met the inclusion criteria.

The highest potential for bias was noted in the following fields:
‘Inclusion/exclusion criteria’, as none of the studies defined a
rigorous set of antenatal or fetal conditions which should be
excluded from analysis; ‘Ultrasound quality control measures’,

as no study demonstrated a comprehensive quality assurance
strategy; and ‘Sample size calculation’, which was apparent in six
studies only. On multiple regression analysis, there was a positive
correlation between quality scores and year of publication: quality
has improved with time, yet considerable heterogeneity in study
methodology is still observed today.

Conclusions There is considerable methodological heterogeneity in
studies of fetal biometry. Standardisation of methodologies is
necessary in order to make correct interpretations and
comparisons between different charts. A checklist of
recommended methodologies is proposed.

Keywords Biometry, fetal growth, guideline, methodology, quality,
review, ultrasound.
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Introduction

Prenatal evaluation of fetal size was made possible in the
1960s by the introduction of combined A- and B-mode
ultrasonography in obstetrics.! Second- and third-trimester
fetal biometry is now common practice and represents one
of the most common medical investigations undertaken.
However, a Cochrane review of trials evaluating routine
ultrasonography beyond 24 weeks of gestation in low-risk
pregnancies has not demonstrated any benefit in perinatal
outcomes.? Furthermore, intrauterine growth restriction

remains a leading cause of perinatal loss, accounting for at
least one-fifth of stillbirths in the UK;> failure to diagnose
and lack of effective treatment are the likely explanations.
The recognition of pathological growth is dependent on
the existence of reliable standards. However, the establish-
ment of normal charts for key biometric variables, such as
bi-parietal diameter (BPD), head circumference (HC),
abdominal circumference (AC) and femur length (FL), is
not straightforward. Discrepancies in median values and
percentile curves between studies have often been attrib-
uted to different distributions in racial,* genderS or other
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biological and demographic determinants.® However, it is
likely that differences in study design, data analysis and
presentation also contribute to the observed discrepancies.
Ultrasound measurement is often subject to observer error,
and it is possible that systematic variations in measurement
accuracy may exist between different studies. Suboptimal
methodology when producing a fetal size chart is likely to
affect the ability to discriminate the healthy from the com-
promised fetus.

Recommended methods in various aspects of study
design have been published in recent years,'" including
appropriate statistical methods for modelling cross-sec-
tional'® (one scan per fetus) or longitudinal11 (serial scans)
ultrasound data. Conversely, other aspects, such as sample
size, population selection and exclusion criteria, remain
debated to this day.

The aim of this systematic review was to evaluate the
methodological quality of studies of fetal biometry using a
set of predefined quality criteria of study design, statistical
analysis and reporting methods.

Methods

This systematic review of observational studies was con-
ducted and reported following the checklist proposed by
the MOOSE group.'” Three major electronic databases
(MEDLINE, EMBASE and CINAHL) were systematically
searched for the period 1968 to September 2011 to identify
studies of two-dimensional ultrasound biometry. Reference
lists of retrieved full-text articles were examined for addi-
tional, relevant citations. Studies were included if the pri-
mary objective was to create size charts for BPD, HC, AC
and FL on B-mode ultrasound in normal singleton preg-
nancies using either a cross-sectional or longitudinal
design. The search was not restricted by study design or
methodology, but only articles written in English were con-
sidered. Articles were excluded if: (1) only A-mode ultra-
sound was used; (2) the primary aim was other than the
construction of size charts, for instance, the prediction of
gestational age or comparisons between different popula-
tion groups; and (3) the entire gestation was not covered;
for instance, size chart from 20 to 30 weeks of gestation.
The keyword search strategy, which was constructed by a
professional information specialist, is presented in Table 1.
Two reviewers (KT and CI) screened the titles and abstracts
of all identified citations, and selected potentially eligible
studies. The full-text versions of eligible studies were inde-
pendently assessed by the same reviewers and any disagree-
ments were resolved by consensus or consultation with a
third reviewer (ATP). Authors’ institutions were contacted
in order to obtain a copy of the published article where
this was not available from library sources. The flow chart
of the literature search is presented in Figure 1. Studies

Table 1. Search strategy

Fetal Development/

*Gestational Age/

((fetal or foetal or fetus or foetus) adj2 growth).tw.

((fetal or foetal or fetus or foetus) adj biometr*).tw.
lor2or3or4d

(growth adj (curve* or chart* or standard* or index or indices)).tw.

(reference adj (curve* or chart* or index or indices or equation* or
value* or range* or equation* or centile* or percentile*)).tw.

(biometr* adj (curve* or chart* or index or indices or equation* or
value* or range* or equation* or centile* or percentile*)).tw.

(size adj (chart* or curve*)).tw.

(dating adj (curve* or chart*)).tw.

*Reference Values/

6or7or8or9or10or11

Ultrasonography, Prenatal/

(ultrasound* or ultrasonogra* or sonogra*).tw.

13 or 14

5and 12 and 15

exp animal/not human/

16 not 17

limit 18 to English language

* indicates keyword truncation.

excluded from this review and the reasons for exclusion are
listed in Appendix S1.

A list of methodological quality criteria (shown in
Table 2) was initially developed by one of us (AC-A) in
advance of the review, and agreed between three of the
authors (JV, AC-A and ATP) independent of those who per-
formed the data abstraction. These quality criteria are based
on available published research,” ! and are divided into
three domains: study design, statistical methods and report-
ing methods; in total, 23 quality criteria were used for cross-
sectional studies and 24 criteria for longitudinal studies.

The included studies were reviewed by two obstetricians
(CI and KT) and a medical statistician (EO), and study
details were abstracted onto an Excel spread sheet. Studies
were assessed against each criterion within the checklist
and were scored as either ‘high’ or ‘low’ risk of bias. Dis-
agreements were resolved either by consensus or consulta-
tion with a third reviewer (ATP). The overall quality score
was defined as the percentage of ‘Tlow risk of bias’ marks
over the total number of quality criteria for each study.

Multiple regression analysis was performed between
quality scores and study characteristics which were not part
of the scoring algorithm: year of publication, sample size of
participating women, sample size of included ultrasound
examinations, study duration, type of participating hospi-
tals (teaching versus nonteaching), number of participating
sites (single versus multi-site), number of sonographers
(single versus multiple) and type of country (low-, middle-
or high-income country, using the 2010 World Bank
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Number of citations
identified in electronic
search

n =337

Total number of citations
reviewed

1 n =380

Number of citations identified in
secondary sources

N— n=43

Excluded after title/abstract

Number of publications

screening

n=274
Other organ growth 99
Pathological growth 34
»| Review articles of Case studies 34
Estimated fetal weight 20
Multiple pregnancy 16
Prediction of gestational age 15

Measurement or Analysis methods 13
Neonatal studies

Other imaging modalities

Lack of complete 3rd trimester
data

=7

Comparison studies amongst sub-
populations

Measurement or Analysis methods

Growth velocity studies
Review articles or case studies
Estimated fetal weight

B NN N S
A

Prediction of gestational age

Re-analysis of previously
published data 1

retrieved
n=106
Excluded after full text
evaluation
n=23

7
6
Birthweight 5
Biometric ratio charts e.g. BPD/FL 4

Comparison studies amongst sub-
populations

Animal studies
Comparison of imaging modalities
Growth velocity studies

Lack of complete 3" trimester data

N W oW W W A

Autopsy studies
Conference abstract 1

Gestational age not the 1
independent variable

Non-English 1

Total number of
publications included in
review

n=283

Figure 1. Consort flow diagram of literature assessment.

Classification of economies by gross national income). Sta-
tistical analyses were performed using Microsoft Excel 2010
and IBM SPSS Statistics version 19.

Results

Eighty-three publications from 32 countries were identi-
fied;'*™° the earliest was published in 1971 and the latest
in 2008. In two publications,”>”® multiple study designs
were used, for instance AC using a longitudinal and a
cross-sectional design; the best described methodology with
the highest quality score was used in the final analysis. The
median sample size of participating women was 558 (mini-
mum, 19; maximum, 17 660; interquartile range, 1120),
whereas the median number of ultrasound examinations
was 800 (minimum, 167; maximum, 50 131; interquartile
range, 1770). Forty studies reported one biometric parame-
ter only, whereas the remaining 43 studies included combi-

nations of BPD, HC, AC or FL, but only 22 studies
reported a complete set of all four parameters. In total,
there were 60 studies for BPD, 34 for HC, 41 for AC and
43 for FL.

The study characteristics and overall quality score for
each study are presented in Table 3. The breakdown of
scores per study and per quality criterion is presented in
Appendix S2. Additional characteristics not included in the
scoring algorithm are presented in Appendices S3 (Addi-
tional maternal and pregnancy characteristics) and S$4
(Additional study characteristics). Sixty-one studies had a
cross-sectional design and 22 studies had a longitudinal
design. Amongst the 61 cross-sectional studies, only 36
(59%) clearly specified that one examination per fetus was
performed during the study period. Amongst the 22 longi-
tudinal studies, only in 12 (55%) were ultrasound data
analysed using a method that took into account their serial
nature.
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Table 2. Methodological quality criteria

Domain

Low risk of bias

High risk of bias

1. Study design
1.1 Design

1.2 Sample selection

1.3 Number of occasions each fetus
was measured (only for cross-sectional
studies)

1.4 Method of selecting the gestational
ages at which the fetuses were
measured (only for longitudinal studies)

1.5 Reason(s) for choosing a particular
number of serial measurements (only
for longitudinal studies)

1.6 Inclusion/exclusion criteria

1.7 Sample size

1.8 Data collection

1.9 Method of dating pregnancy

1.10 Collection of data on gestational
age at inclusion

2. Statistical methods

2.1 Number of measurements taken
for each biometric variable

2.2 Statistical methods

2.3 Assessment of increasing variability
of the data with gestation

Clearly described as either cross-sectional or
longitudinal

Population-based study where there are attempts
to identify and clearly define populations from a
specific geographical area; from this underlying
population, women are selected either
consecutively or at random

Each fetus was measured and included only once

Interval of measures prospectively prespecified
and justified

Clear documentation of the intended number of
serial measurements

The study made it clear that women at high risk
of pregnancy complications were not included,
and that women with abnormal outcome were
excluded, i.e. an effort was made to include
‘normal’ outcome as best possible

As a minimum, the study population should
exclude:

— multiple pregnancy

— fetuses with congenital structural or
chromosomal anomalies

— fetal death

— women with disorders that may affect fetal
growth (at least should specify exclusion of
women with pre-existing hypertension, diabetes
mellitus, renal disease and smoking)

— pregnancy complications (at least pre-eclampsia)

— pregnancies conceived by assisted reproductive
technology

A priori determination/calculation of sample size
and justification

Prospective study and ultrasound data collected
specifically for the purpose of constructing
charts of fetal size or fetal growth

Clearly described

Known last menstrual period (LMP) and regular
menstrual cycles prior to pregnancy AND a
sonogram before 14 weeks demonstrating a
crown-rump length (CRL) that corroborates
LMP dates (within how many days unspecified)

The gestational age was calculated precisely to
the day

More than one measure per fetus per scan

Clearly described and identified
Performed

Not reported

Mixture of cross-sectional and longitudinal data
Not population based; convenience sampling;
arbitrary recruitment; or not reported

Some fetuses were measured and included
more than once

Interval of measures not prospectively
prespecified and justified or not reported

No clear documentation of the intended
number of serial measurements

The study population included both low-risk
and high-risk pregnancies, or women with
abnormal outcome were not excluded

Study population that did not exclude fetuses
or women with the characteristics previously
described

Exclusions which would have a direct effect on
the estimated percentiles, such as fetuses
found at birth to be large or small for dates

Lack of a priori sample size determination/
calculation and justification

Retrospective study, or data not collected
specifically for the purpose of constructing
charts of fetal size or fetal growth, or unclear
(e.g. use of routinely collected data)

Not described clearly

Gestational age assessment at >14 weeks,
or gestational age assessment not including
ultrasonographic verification

Truncation of gestational age to the number
of ‘completed weeks’
Single measure or not specified

Not clearly described and identified
Not performed
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Domain

Low risk of bias

High risk of bias

2.4 Assessment of goodness of fit of
the models

2.5 Scatter diagram of the data with the
fitted percentiles superimposed

2.6 Change in reference percentiles
across gestational age

2.7 Methods used to estimate age-
specific reference intervals for fetal size
measurements

3. Reporting methods

3.1 Characteristics of study population

3.2 Description of number approached/
enrolled

3.3 Ultrasound machine(s) used

3.4 Number of sonographers that took
the measurements

3.5 Description of measurement
techniques

3.6 Contains quality control measures

3.7 Report of mean and SD of each
measurement and the sample size for
each week of gestation

3.8 Report of regression equations for
the mean (and SD if relevant) for each
measurement

A test of goodness of fit of the models was
reported

Study included scatter diagrams of the data with
the percentiles superimposed

Smooth change

‘Mean and standard deviation (SD) model’,

smoothed crude percentiles, or ‘LMS method'"?

Presented in a table or clearly described, and
includes minimum dataset of age, weight,
height or body mass index and parity

Described

Clearly specified
Reported

The study described sufficient and unambiguous
details of the measurement techniques used for
fetal size parameters, including imaging plane
and calliper application method

Should include the following:

— assessment of intraobserver variability

— assessment of interobserver variability

— image review

— image scoring

— image storage

Presented in a table or clearly described

Reported

Goodness of fit of models was not reported

Study did not include scatter diagrams of the
data with the percentiles superimposed
Not smooth change

Inadequate

Not presented in a table or not clearly
described, or does not contain minimum
dataset

Not described

Not clearly specified
Unreported

The study did not describe sufficient and
unambiguous details of the measurement

techniques used for fetal size parameters

Does not contain quality control measures

Not presented in a table or not clearly
described

Not reported

In only 20 of the 83 studies (24%) were the ultrasound
data collected prospectively and explicitly for research pur-
poses, whereas, in 13 studies (16%), a retrospective analysis
of an existing database was performed. In all the remain-
der, it was unclear whether a prospective or retrospective
design was used, or whether the ultrasound examinations
were performed for research purposes or as part of routine
clinical care.

The frequencies of ‘low risk of bias’ in each of the three
groups presented in
Figures 2—4. Highest risk of bias was noted in the following
fields: ‘Inclusion/exclusion criteria’, where none of the

of methodological criteria are

studies defined a rigorous set of antenatal or fetal condi-
tions that should be excluded from analysis in order to
ensure a normal pregnancy outcome (Figure 2, item 1.6);
‘Ultrasound quality control measures’, where no study
demonstrated a comprehensive quality assurance strategy

(Figure 4, item 3.6); and ‘Sample size calculation’, which
was apparent in only six studies (Figure 2, item 1.7).

Although some individual criteria of participant selection
were used in different studies, such as shown in Figure 5,
there was no study which systematically used all of these.
Conversely, in 22 studies (27%), inappropriate exclusions
were applied, such as removing from the final analysis cases
on the outer percentiles of the ultrasound measurement or
birthweight.

None of the studies in this review used a comprehensive
ultrasound quality control strategy incorporating the items
in Figure 6. In approximately one-half of the studies (40
studies), ultrasound examinations were performed by mul-
tiple sonographers, yet an exercise to standardise participat-
ing sonographers was reported in only four studies. No
study reported the use of an image scoring method for the
purpose of ultrasound quality assurance; in only four
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Table 3. (Continued)

Quality
score (%)

Scans for

Data
collection

Number of Number Weeks Measurement Design

Country

Year

Reference

research
purposes only

of scans

women

70
30
75

Yes

Prospective
Unclear

C1

FL

12-41
12-42
10-40
13-39
12-40
11-40

24-41

608

608
1426
8313

Thailand
[taly

2000
1987
2008
1985
1986
2000
1978

Titapant et al.?®

Unclear
Yes

C1

BPD, HC, AC

603-1283
20 277-22 271

Todros et al.”’

Prospective
Unclear

LL

BPD, HC, AC, FL

FL

Netherlands

USA

Verburg et al.®

57
26
22

No
Yes
No
No

C1

254
657

254
202
3800

Warda et al.?>
Watson®*

Unclear

CM
CM
C1

BPD

Australia

Unclear

BPD, HC, AC, FL

BPD

Unclear
303

Australia

Westerway et al.®®

17

Unclear

303

Netherlands

Wiladimiroff et al.®®

AC, abdominal circumference; BPD, bi-parietal diameter; FL, femur length; HC, head circumference; CM, cross-sectional data, several scans per fetus; C1, cross-sectional data, one scan per

fetus; CS, cross-sectional data, number of scans per fetus not stated; LC, longitudinal data with cross-sectional analysis; LL, longitudinal data with longitudinal analysis.

u Low rigk of bias

= High risk of bias

1.1 Design

1.2 Sample selection

1.3 Number of scans per fetus (cross-
sectional)

1.4 Selection of gestational ages for
ultrasound axaminations (longitudinal)

1.5 Reasons for choosing number of
ultrasound examinaticns (lengitudinal)

1.6 Inclusioniaxclusion criteria

1.7 Sample size calculation

1.8 Data collection

1.8 Pregnancy dating

1.10 Gestational age calculation

0% 20% 40% 0% 80%  100%

Figure 2. Methodological quality of included studies: study design.

® Lowrisk of bias = High risk of blas

2.1 Number of measurements taken

2.2 Descrption of statistical melhods

2.3 Assessment of increasing variablity
with gestation

2 4 Goodness of fit test

2.5 Scatterplot with superimposed centile _
cuves

2.6 Smooth change of parcentiles across.
gestation

2.7 Methods to determine reference
infenvals

0% 20% 40% B0% 80%  100%

Figure 3. Methodological quality of included studies: statistical
methods.

studies was it ensured that sonographers were blind to the
actual measurement recorded during the examination.

Table 4 shows the different methods used for gestational
age estimation. Last menstrual period (LMP) used in isola-
tion remains the most popular method. Only 12 studies
(14%) used a dating method considered to be at low risk
of bias, namely either CRL alone or LMP confirmed by
CRL.

Results from individual studies were reported in the
form of tables, equations or charts as demonstrated in Fig-
ure 7. Although tables of median values (68 studies) and
tables of percentile ranges (65 studies) were a common
method of presentation, half of the time these contained
the raw unmodelled data; fitted median values following
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®m Low risk of bias = High risk of bias

3.1 Description of characteristics of study
population

3.2 Numbers approached and enrolled

3.3 Unrasound equipment used

3.4 Number of participating sonographers

3.5 Description of measurement lechnique

3.6 Ulirasound gquality control measures

3.7 Description of raw data

3.8 Equations, chans and tables

40%  B0%  B0%  100%

0% 20%

Figure 4. Methodological quality of included studies: reporting
methods.

Al least one medscal comphcation
Smoking

Infectious disnase

Pratem binh

Fetal death

Congenital mallorrmations

Abnormal karyotype

0% 20% A0% B0 B0 100%

Figure 5. Exclusion criteria used in the included studies.

Measumement blinding
Standardisation

Images stored

Independent image revies

Image scoring

Manitofing of infraobsever vanation

Maonitoring of imMerobserver vanation

[ 20% 40% 60% 80% 100%

Figure 6. Ultrasound quality assurance measures in the included
studies.

analytical modelling were presented in 35 studies and fitted
percentiles in 33 studies. An equation for the median was
reported in 50 of 83 studies, whereas the standard devia-
tion was mathematically expressed in 32 of 83 studies,
either as a fixed number or as a function of gestation.

Methodology in ultrasound biometry

Table 4. Dating methods used in the included studies

Type of dating Number of studies (%)

LMP only 37 (45)
LMP confirmed by US parameter (non-CRL) 21 (25)
LMP confirmed by CRL 9 (11)
Other 6 (7)
Not stated 5 (6)
CRL only 3(4)
US parameter only (non-CRL) 2(2)

CRL, crown-rump length; LMP, last menstrual period; US, ultra-
sound.

= Raw data

" Yes = No

Table of values - median

Table of valuas - centiles

Equation - madian

Equation - st. deviation

Graph - median

Graph - centiles

0% 20% 40% B0% BO% 100%

Figure 7. Use of presentation methods in the included studies.

Printed charts of the median and percentile curves were
seen in the vast majority of the publications.

On univariate regression analysis, positive predictors of
quality score were the year of publication (P < 0.001), sam-
ple size of participating women (P = 0.04) and teaching (as
opposed to nonteaching) hospital status (P = 0.003). On
multiple regression analysis, however, the effect of sample
size and hospital type became nonsignificant, whereas only
the year of publication persisted as a significant predictor
of quality score with a coefficient of determination
R* =0.24. A scatterplot of quality scores versus year of
publication is shown in Appendix S5.

Discussion

This review has revealed substantial heterogeneity of meth-
odology used in ultrasound studies of fetal biometry. A
predefined quality scoring sheet was used in the assessment
of the included studies. This checklist is not intended to
commend or discard studies, but rather to be used as a
consensus guideline in order to improve consistency in
fetal growth research.

This review has several strengths. In the literature search,
there were no restrictions by year of publication, as some
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of the older ultrasound charts may still be used in current
clinical practice. The quality criteria were based on the best
available evidence and were agreed independent of the
reviewers who performed the data abstraction. The use of a
quality score in percentage form allowed an objective rather
than empirical assessment of quality and also enabled
regression analyses in order to identify temporal or other
trends. However, there are also some limitations. English
language restriction was imposed and it is possible that
studies of normative fetal biometry from non-English-
speaking countries may have been missed. This was
imposed for practical reasons; unlike systematic reviews of
treatment effect, where it is imperative that all evidence is
found, our aim was to assess the methodological quality of
studies on fetal size. Another limitation was that the
reviewers who performed the data abstraction were not
blind to the origin and authors of the included studies.
Finally, the older studies in this review were tested against
some quality criteria which have only been established in
recent years. Although it may seem unfair to judge previ-
ously published work by today’s standards, it is important
for clinicians who choose amongst any of the published
ultrasound charts to have an up-to-date assessment of their
methodological quality.

Multiple regression analysis demonstrated that quality
scores have significantly improved in recent years. This is
logical as the present criteria of quality have been devel-
oped through gradual improvement in both the ultrasound
technology and the statistical methods of data analysis.
However, considerable heterogeneity still persists today:
even in the last decade, quality scores of published studies
have varied considerably around the average trend. It is
possible that such differences in study quality may explain
discrepancies in the reported fetal size curves between dif-
ferent populations. Clearly defined and consistent method-
ology is therefore necessary in order to critically appraise
such population differences.

For instance, none of the included studies scored a ‘low risk
of bias’ for their inclusion and exclusion criteria. This scoring
field considered that a study should exclude women with
conditions and outcomes associated with pathological fetal
growth. The aim of a fetal size chart should be to depict
how infants should grow under optimal conditions (a ‘pre-
scriptive’ standard) rather than how they often grow (a
‘descriptive’ reference).”” To achieve this, it is necessary to
consider factors that influence growth. A number of such
factors are well established: maternal smoking;”® maternal
disease, e.g. chronic hypertension or diabetes;”” pregnancy-
induced hypertension;'®®  pre-eclampsia;'®
karyotype;”® congenital anomalies;”® pre-term delivery;
stillbirth.'*> Some of these conditions were excluded in one
or more studies in this review, but no study excluded all of
them.

abnormal
101

Authors have previously argued against this, claiming
that an unselected population ensures a better representa-
tion of the underlying population,” or that some exclusion
criteria, such as maternal smoking for instance, are not rea-
sonable.”'”> However, if strong evidence exists for each of
them, then all should be excluded. It is unfortunate that
the term ‘supernormalisation’'®® has acquired a negative
connotation in the past.

Conversely, it is arbitrary and illogical to exclude from
analysis the outer percentiles of the ultrasound measure-
ment values. For instance, measurements greater than 1.66
or two standard deviations from the mean®"®* may well
represent physiological healthy variability. Similarly, exclu-
sion of cases with birthweight in the outer percentiles has
been used by some studies®®' in order to define normal
growth. The fundamental concern with this approach is the
risk of excluding fetuses that are healthy, but constitution-
ally small or large for gestational age.

Only one-quarter of the studies in this review had a
prospective design in which ultrasound examinations were
performed for research purposes only. This is an impor-
tant point. Most clinical ultrasound services now routinely
collect information in computerised databases. Retrospec-
tive analysis of such databases is a practical solution to the
generation of a large sample size; however, the ability of
the researchers to address potential confounders is cur-
tailed. For instance, reference curves can be skewed by the
fact that a proportion of the examinations are clinically
indicated as a result of suspected pathological growth. It is
also difficult to retrospectively ascertain maternal or fetal
complications, unless a reliable coding system is in place.
The alternative is a prospective study. Strictly speaking,
this indicates that the study design, participant recruitment
and collection of clinical, demographic and ultrasound
data are carried out with the objective of creating size
charts. As a result of inconsistent terminology and ambig-
uous description, it was often difficult to identify prospec-
tive studies from retrospective database analyses in this
review.

Accurate estimation of (gestational) age is a fundamental
prerequisite for creating any size chart. It is already recog-
nised that suboptimal dating in older ultrasound studies
may have contributed to the observed flattening or reversal
of growth at term.'® In addition, in studies up to the mid-
1980s, the research objectives often overlapped between the
assessment of fetal size and pregnancy dating; several stud-
ies used a biometric parameter, such as BPD, both as a
means of dating and as a predictor of growth, in an almost
circular fashion.”"***

Several different dating strategies were encountered in
this review. On certain occasions, dating was either vaguely
stated or not described at all. There is now robust evidence
that early ultrasonographic determination of gestational age
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is more reliable than LMP alone.'% It has also been argued
that, for clinical management, ultrasonography alone may
be marginally superior to LMP confirmed by ultrasound,'*
although such differences are small. However, when the
objective is chart creation, the use of ultrasound for dating
and then again for the assessment of fetal size creates a cir-
cular argument; for instance, it is possible that a smaller
than expected CRL measurement may be indicative of early
growth restriction or adverse pregnancy outcome,'”’” but
such an association will be missed if the gestational age is
recalculated on the basis of CRL. Therefore, in the case of
studies aiming to create fetal size charts, we believe that it

Methodology in ultrasound biometry

is conceptually more appropriate to estimate the date of
confinement using an independent method, such as the
LMP, provided that this is corroborated by CRL measure-
ment. In the methodological assessment, we classified as
‘low risk of bias’ studies that used dating either by CRL
alone, or by LMP corroborated by CRL. In any case, the
parameter used for sonographic dating and the gestational
window during which this is applied should always be
clearly specified, in order to demonstrate that methods are
adequately standardised; this also highlights the recom-
mended dating practice for institutions who wish to adopt
these fetal size charts.

Table 5. Comparison of measurement values amongst highest scoring studies

Reference 28 weeks

32 weeks 36 weeks

10th centile 50th centile SD

10th centile

50th centile SD 10th centile 50th centile SD

(A) Bi-parietal diameter (BPD) studies

Chitty et al.?® 69.29 73.35 3.17
Verburg et al.®? 70.00 73.68 2.87
Leung et al.®’ 68.09 72.20 3.21
Johnsen et al.> 69.00 73.00 3.12
Paladini et al.”* 66.20 70.90 3.67
Kurmanavicius et al.>® 70.49 74.94 3.47
Siwadune et al .8 65.71 68.32 2.04
(B) Head circumference (HC) studies

Chitty et al.?® 249.10 262.50 10.45
Verburg et al.®? 251.90 262.70 8.42
Leung et al.®' 246.90 258.76 9.25
Johnsen et al.>* 246.00 259.00 10.14
Paladini et al.” 250.00 263.50 10.53
Kurmanavicius et al.>® 248.43 262.73 11.15
(C) Abdominal circumference (AC) studies

Chitty et al.2° 212.92 230.57 13.77
Verburg et al.®? 224.30 239.40 11.78
Leung et al.®’ 218.95 233.90 11.66
Sunsaneevithayakul et al.®” 217.04 232.58 12.12
Johnsen et al.> 223.00 240.00 13.26
Jeanty et al.*° 208.01 225.24 13.44
Paladini et al.”* 218.20 239.30 16.46
Kurmanavicius et al.>® 213.21 231.78 14.49
(D) Femur length (FL) studies

Chitty et al.?’ 49.25 52.70 2.69
Verburg et al.®? 49.68 52.47 2.18
Leung et al.®’ 47.22 50.02 2.18
Titapant et al.*® 46.45 48.95 1.95
Johnsen et al.>? 48.00 52.00 3.12
Paladini et al.”* 49.50 52.40 2.26
Kurmanavicius et al.® 48.55 52.30 2.93

78.95 83.32 3.41 86.78 91.45 3.64
80.22 84.38 3.24 88.90 93.55 3.63
78.04 82.33 3.35 85.55 90.02 3.49
78.00 83.00 3.90 86.00 91.00 3.90
75.70 80.30 3.59 84.10 88.10 3.12
79.94 84.74 3.74 87.44 92.56 3.99
74.93 77.91 2.32 81.75 85.15 2.65
282.70 297.30 11.39 309.00 324.80 12.32
285.40 297.80 9.67 309.50 323.50 10.92
281.22 293.54 9.61 305.60 318.38 9.97
279.00 293.00 10.92 304.00 320.00 12.48
280.90 296.10 11.86 303.30 320.00 13.03
279.87 295.32 12.05 303.26 319.87 12.96
248.97 269.71 16.18 282.59 306.41 18.58
261.10 278.60 13.65 292.10 312.20 15.68
256.61 273.56 13.22 290.68 309.64 14.79
254.89 273.26 14.33 289.72 309.12 15.13
262.00 282.00 15.60 299.00 321.00 17.16
24513 262.36 13.44 276.07 293.30 13.44
252.30 275.00 17.71 284.30 307.00 17.71
249.60 270.61 16.39 283.33 306.78 18.29
57.43 61.18 2.93 64.14 68.19 3.16
57.43 60.46 2.36 63.24 66.52 2.56
55.20 58.17 2.32 62.33 65.46 2.44
54.39 57.10 2.1 60.95 63.89 2.29
56.00 60.00 3.12 63.00 67.00 3.12
56.90 60.50 2.81 62.90 67.20 3.35
56.96 60.85 3.03 64.28 68.28 3.12

For each parameter, the five highest scoring studies were identified; additional studies were included if more than one study occupied the fifth

place; one study by Ashrafunnessa et al."”

is not included despite having the third highest quality score (70%), because data for the fitted centiles

were not presented, meaning that we could not derive values for this table. All BPD measurements were outer to outer, except in Siwadune

etal.®

SD, fitted standard deviation.

where the outer to inner convention was used; all measurements quoted in millimetres; all centiles are fitted centiles following modelling;
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Considerable variation exists in the collection of ultra-
sound data, of sonographers and scan
machines used, measurement method definition, standardi-
sation and the monitoring of ultrasound data quality. We

the number

have proposed a comprehensive quality control strategy
which includes saving and independently reviewing scan
images, the use of an image scoring method and the assess-
ment of intra- and interobserver variability of measure-
ment. Studies with multiple sonographers are preferable as
they reflect real clinical practice, provided that such strate-
gies for quality assurance are in place. Explicit description
of measurement planes and calliper application conventions
are necessary. A formal standardisation exercise prior to
the start of a multi-sonographer study has been shown to
increase data consistency.'® Blinding of the sonographers
to their own measurements is a reasonable effort to remove
observer bias.

A consensus has been reached in recent years regarding
the appropriate methods for statistical modelling and data
presentation.”™'! Presentation of the raw measurement data
only is not clinically useful or informative. Both the med-
ian and variance should be modelled as a function of gesta-
tional age in a manner that accounts for the increasing
variability with gestation and provides smooth percentile
curves; goodness of fit testing should demonstrate that
these curves describe accurately the structure of the raw
data.'® Finally, the results should be presented in the form
of tables of fitted percentile values, gestational curve charts
and regression equations for both the mean and standard
deviation.

When we assessed measurement differences from those
studies that had the highest scores (Table 5), it was noted
that, for the majority of biometric parameters, significant
heterogeneity remained: for example, a BPD measurement of
88 mm at 36 weeks is around the 50th centile of one chart,”
whereas the same fetus would be below the 10th centile by
another,”” and the same is seen at various other gestational
ages. Differences in AC were similarly wide, with overlap
between 10th and 50th centiles from different studies evi-
dent.**® However, equivalent centiles of HC seem to be very
similar between studies, with most differences well within
0.5 SD. This may be a reflection of the lower variability in
HC measurements across different countries because of the
properties of HC as a marker of fat-free mass, or may simply
be caused by the fact that HC is a parameter that is more
consistently measured in different locations. In other words,
whether these differences in biometric parameters are a result
of different measurement methodologies or differences in
population characteristics is impossible to establish using
this approach. It is only when studies of fetal size of the high-
est methodological quality are performed uniformly in dif-
ferent populations that differences in fetal size can be
properly appraised or attributed to biological determinants.

Conclusion

This systematic review has demonstrated considerable het-
erogeneity of design in ultrasound studies of fetal biome-
try. The use of uniform methodology of the highest quality
is essential in order to establish whether population
differences in fetal measurements are biological or caused
by differences in measurement. A checklist of the
recommended design is proposed in order to aid such
uniformity.
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