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ABSTRACT:

TITLE: Use of Ultrasound to Determine Gestational Age in Low and Middle Income Countries: A
Systematic Review of the Literature

Meghan Rudder

Purpose: Accurate determination of gestational age (GA) is essential for appropriate maternal and fetal
care both antenatally and postnatally. Professional and widely-accepted guidelines for best practices in
GA determination in high-resource settings rely heavily upon the proven accuracy of ultrasound in these
settings. There are unique challenges to fetal ultrasound in resource-poor settings; we sought to assess
the accuracy of gestational age as determined by ultrasound in low- and middle-income countries.

Methods: A systematic review of the literature to May, 2015 identified studies in which ultrasound was
compared to at least one other method of gestational age determination in a low- or middle-income
country. Data were extracted and summarized.

Results: Our initial search returned 3899 papers; 34 studies met eligibility criteria. A second search
revealed 488 results; 6 were eligible for inclusion. Hence a total of 40 articles were included in this
review. Gold standard GA determination measures varied; 16/40 studies used LMP alone, 8/40 relied on
BOE, 7/40 implemented early ultrasound, 5/40 used ultrasound at any gestation, 2/40 used actual
delivery date, and 2/40 studies did not report gold standard. 17/40 studies reported correlation
coefficients (R); 5/40 reported coefficients of determination (R?); 3/40 reported intraclass correlation
coefficients; 9/40 reported mean differences. 4/40 studies assessed the validity in determining
prematurity. The majority of studies that were both eligible for inclusion and provided data on study
setting were conducted in hospitals (20/29), primarily tertiary care centers.

Conclusions: The existing literature regarding use of ultrasound in low- and middle-income countries
(LMICs) to determine gestational age is limited. There is evidence to suggest that ultrasound operators
of varying levels of educational background may be trained to determine gestational age with similar
inter- and intra-observer reliability as that published in the wider literature. There is no single novel
biometric parameter that shows greater accuracy in determination of gestational age in the late second
or third trimesters, however there are certain measurements which show promise when implemented
in conjunction with existing biometric measurements, including trans-cerebellar diameter. This review
points to the need for revision of search criteria and a re-screening of the literature.



GLOSSARY OF ABBREVIATIONS:
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LMIC — low and middle income countries

US — ultrasound

GA — gestational age

SGA —small for gestational age

LGA — large for gestational age

EDD — estimated date of delivery

ACOG — American College of Obstetrics and Gynecology
LMP — last menstrual period

LNMP — last normal menstrual period

. CRL—crown rump length

. ART — assisted reproductive technology
. AC—abdominal circumference
. BPD — biparietal diameter

. FL—femur length

. HC — head circumference

. MSD — mean sac diameter

. PPV —positive predictive value
. TA—transabdominal

. TV —transvaginal

. US — ultrasound

. DFE —distal femoral epiphysis

. PTE — proximal tibial epiphysis
. PHE — proximal humeral epiphysis
. TCD —transcerebellar diameter
. NS —not specified

. OFD — occipitofrontal diameter
. KL—kidney length

. GSV —gestational sac volume

. ASV - amnioic sac volume

. SD —standard deviation

. BOE — best obstetric estimate

. LOA — limits of agreement

. BSC - backscatter



SECTION I: INTRODUCTION

Globally there are 4 million neonatal deaths and another 4 million stillbirths annually; the
overwhelming majority of these occur in low- and middle-income countries. In 2015, neonatal mortality
accounted for approximately 45% of under-five mortality (1, 2). Roughly three quarters of neonatal
deaths occur within the first week of life and one third occur on the day of birth (1, 2). Among those
infants who die in the first 28 days of life, the most common cause of death is prematurity. Although
there are interventions available to reduce this mortality, they reach relatively few women in low and
middle income countries (LMIC). For example, in resource-limited settings, less than 10% of eligible
women receive antenatal corticosteroids (3). While there are many reasons for which this may occur,
accurate assessment of gestational age, and therefore appropriate recognition and triage of
prematurity, is central among them.

Accurate determination of gestational age (GA) and thereby, accurate estimated date of delivery (EDD),
are among the most important pieces on information necessary to properly care for an obstetric patient
(4). This data is essential in appropriately timing obstetric care, scheduling and interpreting antepartum
tests, assessing the appropriateness of fetal growth, and planning interventions to prevent preterm and
post term births as well as related morbidities (5). Precise estimates of GA are required to identify
causes of, and evaluate interventions to prevent, preterm birth and fetal growth restriction, and their
respective contributions to the high burden of low birthweight in low-resource settings (5).

In high-resource settings, GA is typically calculated based upon fetal biometric measurements made by
ultrasound in early pregnancy. However, before ultrasound became ubiquitous in high-resource settings,
providers relied upon — and in most low- and middle-income settings still rely upon —a combination of
history and physical examination to determine gestational age (6). Generally, this clinical estimate is
comprised of the clinical history of a patient’s menstrual cycle including length, regularity, and
recollection of the first day of the last menstrual period (LMP), as well as physical examination or other
signs and symptoms of the different stages of pregnancy such as nausea or perception of fetal
movement (7-9). In this method, the EDD is typically calculated assuming a 280 day gestation from the
first day of the LMP. This clinical estimate of gestational age and EDD based upon certain menstrual
history is advantageous as it is inexpensive and readily available. However, this method assumes an
accurately recalled date of LMP and a regular 28 day menstrual cycle, with ovulation occurring on the
14" day after the beginning of the cycle (7-9).

The LMP method, therefore, cannot account for inaccurate recall of the LMP, irregularities in cycle
length, short birth spacing, preconception amenorrhea after oral contraceptive use, implantation
bleeding, or variability in ovulation timing (10, 11). By certain reports, only 50% of women are able to
accurately recall their LMP (12, 13). In a study by Bennett et al (2004), 40% of women randomized to
undergo a first-trimester ultrasound had adjustment of their EDD due to a discrepancy greater than 5
days between dating by ultrasound as compared to dating by LMP (14). Even when LMP is accurately
recalled, the exact time of ovulation, fertilization, and implantation cannot be precisely known. There
may be several waves of follicular development during a normal menstrual cycle, introducing ovulatory
inconsistency during any given cycle (15). Other studies suggest that the ovulation-implantation
duration can vary by up to 11 days (16).

EDD calculated from LMP is further prone to error in low- and middle-income countries, as greater
proportions of the populations in LMICs typically attain lower educational levels, a characteristic
associated with poorer quality of LMP information (11). In both high and low resource settings, reliance



on LMP alone has shown a tendency to overestimate GA at the extremes of gestation, due to recall bias,
thereby overestimating postmaturity and underestimating preterm births (11, 17).

Apart from LMP, another method traditionally used in the absence of ultrasound is that of clinical
examination. Similar to LMP, clinical examination also provides an inexpensive and readily available
method for assessment of gestational age. Pelvic or abdominal examination may be used to estimate
uterine size, which in turn, may be roughly correlated with gestational age (7, 8). Between 10 and 12
weeks, the uterus is roughly the side of a grapefruit; at 20 weeks, the fundus reaches the umbilicus; and
after 20 weeks, the symphysis-fundal height in centimeters correlates with the week of gestation (7, 8,
18). While convenient, this method is fraught with significant sources for error, as factors that affect
uterine size, such as fibroids, and maternal body characteristics such as high body mass index will also
affect estimates of uterine size (6).

With the introduction of ultrasound, assessment of fetal gestational age changed dramatically.
Sonographic measurements provided more information about fetal anatomy and growth, leading to the
study and use of certain ultrasonic biometric parameters to determine gestational age. It was found that
when performed correctly, obstetric ultrasound may determine fetal gestational age with a high degree
of accuracy (19). Moreover, increased accuracy of gestational age estimation by ultrasound was
demonstrated to positively impact pregnancy outcomes. A Cochrane review concluded that
ultrasonography may reduce the need for postterm induction (20).

The most common fetal biometric parameters used to determine gestational age include: crown rump
length (CRL), fetal biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC),
and femur length (FL). Consistency and precision in determination of gestational age is not only
important to individual patient care, but is also of great importance within the spheres of research and
public health as gestational age is central to investigational protocols and population statistics.

To this end, the validity of the use of ultrasound and assessment of a wide range of biometric
parameters throughout gestation has been studied extensively. Although no single consensus exists,
committees, including the American College of Obstetricians and Gynecologists, the American Institute
of Ultrasound in Medicine, and the Society for Maternal-Fetal Medicine have agreed upon certain
recommendations regarding methods for a standardized approach to estimating gestational age and
anticipated due date (10). Although the committee acknowledged that there is no perfect evidence to
establish a single-point cut-off in difference between clinical and ultrasonographic EDD to determine
when to change a pregnancy’s due date, ultimately the utility of a single standardized method within
and across institutions outweighed this fact. Therefore, in 2014, the Committee on Obstetric Practice
American Institute of Ultrasound in Medicine Society for Maternal-Fetal Medicine developed
recommendations based upon expert review of the existing literature and released a committee opinion
on the best method for estimating due dates (10).

Their recommendations were divided by trimester. In the first trimester, dates up to and including 13
6/7 weeks of gestation, ultrasound measurement of the embryo or fetus is the most accurate method to
establish or confirm gestational age (13, 21-26). The accuracy of this method for dates up to and
including 13 6/7 weeks of gestation is +5-7 days (27-30). Accuracy is greatest when CRL is measured
earlier in the first trimester (28, 31-34). Measurements used for dating should include the mean of three
discrete CRL measurements when possible and should be obtained in a true midsagittal plane, with the
genital tubercle and fetal spine longitudinally in view and the maximum length from cranium to caudal



rump measured as a straight line. Notably, mean sac diameter measurements are not recommended for
estimating the due date in the first trimester (23-26, 28).

If there is a discrepancy of more than 7 days between ultrasound dating before 14 0/7 weeks of
gestation and dating by LMP, the EDD should be changed to correspond with the ultrasound dating. If
the patient is unsure of her LMP, data should be based on ultrasound estimates, preferably those
obtained at or before 13 6/7 weeks of gestation; and prioritizing the earliest ultrasound with CRL as the
most reliable measurement (10). In situations where pregnancy resulted from ART, the ART-derived
gestational age should be used to assign the EDD. With measurements greater than 84mm,
corresponding to 14 0/7 weeks of gestation, the accuracy of the CRL to estimate gestational age
decreases; therefore, in these cases, other biometric parameters should be used for dating (10).

The range of gestational ages in the second trimester, from 14 0/7 weeks to 27 6/7 weeks presents
increased variability and complexity of gestational age determination which may influence revision of
LMP dating and assignment of a final EDD. In nearly all circumstances, a first trimester ultrasound, if
performed, should not be adjusted based on a second-trimester ultrasound. When second-trimester
ultrasound is used to determine gestational age, dating is based on regression formulas that may
incorporate the following variables: biparietal diameter (BPD) and head circumference (HC), femur
length (FL), and abdominal circumference (AC) (24).

In the first part of the second trimester, between 14 0/7 and 21 6/7 weeks of gestation, gestational age
assessment based on a composite of fetal biometric measurements by ultrasonography has an accuracy
of £7-10 days (35-38). If dating by ultrasound performed between 14 0/7 and 15 6/7 weeks of gestation
varies by more than 7 days from LMP dating, or if ultrasound dating between 16 0/7 and 21 6/7 weeks
of gestation varies by more than 10 days, the EDD should be changed to correspond with the ultrasound
dating. The accuracy of ultrasound dating between 22 0/7 and 27 6/7 weeks of gestation is +10-14 days;
if ultrasound dating between these gestational ages varies by more than 14 days from LMP, the EDD
should be changed to correspond with the ultrasound dating (38).

Assessment of gestational age by ultrasound in the third trimester, from 28 0/7 weeks of gestation and
beyond has an accuracy of +21-30 days (35, 38, 39). In third trimester dating, there is a risk of incorrectly
re-dating a small fetus that may be growth restricted, therefore management decisions based on third-
trimester ultrasound alone are difficult. It is therefore recommended that assessment of gestational age
based on third-trimester ultrasound measurements is guided by thoughtful consideration of the overall
clinical picture and close surveillance, including repeat ultrasounds in order to assess for appropriate
growth. If the first ultrasound is performed in the third trimester and suggests a discrepancy in
gestational dating of more than 21 days as compared to dating by the LMP, the EDD should be adjusted
to reflect the ultrasound-determined gestational age (10).

Notably, these recommendations were specifically intended for “institutions that have access to high-
quality ultrasonography” (10). However, in LMICs, particularly in poorly-resourced rural areas, access to
high-quality ultrasonography is limited. Moreover, in LMICs, pregnant women tend to present to
antenatal care late in the second or third trimesters when use of ultrasonographic fetal biometric
measurements to determine gestational age is least accurate (5). Even in the second trimester, the
accuracy of ultrasound decreases, with non-trivial clinical consequence. In a study by Bennet et al
(2004), a greater proportion of women who received only second-trimester ultrasonography underwent
postterm induction than those randomized to receive routine first-trimester ultrasounography (14).
When the assignment of gestational age is based on a third-trimester ultrasound, it is difficult to confirm



an accurate due date and follow-up of interval growth is suggested 2 to 3 weeks following the
ultrasound (6). Because many women in resource-limited settings do not present to care until after 24
weeks, the guidelines for gestational age determination by ultrasound recommended by professional
organizations may not apply (5).

Although much has been published regarding best practices for gestational age assessment and
guidelines have been established by organizations such as the American Congress of Obstetricians and
Gynecologists, these recommendations are based on data gathered in high-resource settings with higher
rates of utilization of prenatal care in early pregnancy, access to ultrasound machines, and trained
ultrasonographers (10). Such guidelines have not been as well studies in LMIC settings where general
later presentation to prenatal care, limited access to ultrasound equipment, and fewer trained
ultrasonographers may alter the accuracy of ultrasound, or suggest use of alternative biometric
parameters to determine gestational age.

While there are case reports and small-scale trials (40-43) demonstrating the feasibility and reporting on
several quality metrics with respect to obstetrical ultrasound to determine gestational age in low-
resource settings (42, 44-46), to our knowledge, there has been no systematic review of the literature to
address this question and there is little data on validity of measurements in these settings (5, 47) . In
order to characterize the data deficit in informing best practices for gestational age determination for
women receiving care in resource-limited settings, we conducted a review of the current literature on
use of ultrasound for gestational age determination in low- and middle-income countries, with specific
aims to:

Specific Aim 1. Perform a systematic review of the literature related to ultrasound use for
gestational age determination in LMIC settings.

Specific Aim 2. Aggregate the available data on accuracy, reliability, and precision of ultrasound
use for determination of gestational age in LMIC settings.

Specific Aim 3. Assess feasibility of implementation of ultrasound use for determination of
gestational age in LMIC settings, including collection of any data regarding ultrasound
equipment used, cost, sonographer training, and sonography method.

Specific Aim 4: Survey literature for novel methods or measurements used to determine
gestational age with ultrasound in LMIC.

SECTION II: STUDENT ROLE

My role as a student in this project has been to collect and review the titles and abstracts of the over
3,000 non-duplicate returns generated by our initial search of the literature. | assisted the team in
refining inclusion and exclusion criteria in response to the quantity of returns generated by our initial
search. | then assessed each return for eligibility for inclusion, deleting those that met exclusion criteria,
and appropriately sorting those which met inclusion criteria. | retrieved the full text reports for those
studies eligible for inclusion and performed full text review, again assessing for inclusion and exclusion
criteria. | again worked in conjunction with the research team to refine which pieces of data would be
extracted from the full text review of eligible studies and performed the extraction. Finally, |



qualitatively summarized the relevant data from full text review and created a summary table of the
relevant literature yielded by this review.

SECTION lll: METHODS

Search strategy

In order to achieve these aims, we conducted automated and manual searches of the literature
including multiple search engines and databases listed in Table 1 between February and May, 2015 with
no date restrictions. The databases included: PubMed, Embase, Web of Science, Popline, Cochrane
Library, Global Health Library, WHO Regional Database, www.clinicaltrials.gov, and targeted Google
searches. There were no restrictions on language or publication period. Relevant literature published in
languages other than English was sent out for translation. The detailed search strategy and terms are
listed in Table 2.

Table 1: Databases and Search engines

Database Website

PubMed/Medline http://www.ncbi.nlm.nih.gov/pubmed
Embase http://www.embase.com/
Web of Science

Popline

The Cochrane Library http://www.cochrane.org/
Global Health Library http://www.globalhealth.org/
World Health Organization Regional www.who.int

Databases:

LILACs, IMEMR, AIM, IMSEAR, WPRIM

Clinical trials www.clinicaltrials.gov
Targeted Google searches

Upon review of the initial search results, it became clear to the first reviewer that there were important
studies which had not been captured in this search. In reviewing these absent studies, it was found that
they included key terms of “gestational age and related terms. An additional, more targeted review of
the literature was subsequently performed with the following search terms: ("Gestational Age"[Mesh]
OR gestational age*[tw] OR fetal age[tw] OR fetal maturity[tw]) AND ("Ultrasonography"[Mesh:NoExp]
OR "Ultrasonography, Prenatal"[Mesh:NoExp] OR ultrasound[tw] OR ultrasonography[tw] OR
ultrasonographic[tw] OR ultrasonic[tw] OR sonography[tw] OR sonographic[tw]) AND ("Developing
Countries"[Mesh] OR developing countr*[tw] OR developing nation*[tw] OR developing world[tw] less
developed world[tw] OR under developed countr*[tw] OR Imic*[tw] OR poor communit*[tw] OR ((less
developed[tw] OR low income[tw] OR lower income[tw] OR low and middle income[tw] OR low middle
income[tw] OR resource poor[tw] OR resource constrained[tw] OR low resource[tw] OR limited
resource*[tw] OR resource limited[tw]) AND (country[tw] OR countries[tw] OR region[tw] OR
regions[tw] OR setting*[tw] OR area[tw] OR areas[tw])) OR "Africa South of the Sahara"[Mesh] OR
"Central America"[Mesh] OR "South America"[Mesh] OR "Latin America"[Mesh] OR "Caribbean
Region"[Mesh] OR "Mexico"[Mesh] OR "Asia"[Mesh:NoExp] OR "Asia, Central"[Mesh] OR "Asia,
Northern"[Mesh] OR "Asia, Southeastern"[Mesh] OR "Asia, Western"[Mesh] OR India[tw] OR Indian[tw]
OR Uganda*[tw]). This search yielded 488 results.


http://www.ncbi.nlm.nih.gov/pubmed
http://www.embase.com/
http://www.cochrane.org/
http://www.globalhealth.org/
http://www.who.int/

Table 2: Detailed Search Strategy and Terms

Search Date | Search Terms Database Articles Retrieved
5/29/2015 ("Biometry"[Mesh] AND "Crown-Rump Pubmed 3150

Length"[Mesh] OR "biparietal diameter"[All Fields]

OR "BPD"[AIll Fields] OR "crown rump length"[All

Fields] OR "CRL"[AIll Fields] OR "femoral length"[All

Fields] OR "Abdominal Circumference"[All Fields]

OR "transcerebellar diameter"[All Fields] OR "trans-

cerebellar diameter"[All Fields] OR "head

circumference"[All Fields] OR "fetal foot length"[All

Fields]) AND ("Ultrasonography,

Prenatal/classification"[Mesh] OR

"Ultrasonography, Prenatal/epidemiology"[Mesh]

OR "Ultrasonography, Prenatal"[Mesh] OR

"ultrasonography"[All Fields] OR "USG"[AIl Fields]

OR "sonogram"[All Fields] OR "ultrasound"[All

Fields])
5/29/2015 biometry'/exp AND ('crown rump length'/exp OR EMBASE 404

‘crown rump length' OR ‘crl' OR 'biparietal

distance'/exp OR 'biparietal diameter' OR 'bpd' OR

‘femoral length' OR 'abdominal circumference'/exp

OR 'transcerebellar diameter' OR 'trans-cerebellar

diameter' OR 'head circumference'/exp OR 'fetal

foot length') AND ('fetus echography'/exp OR

'prenatal ultrasonography'/exp OR 'prenatal

ultrasonography' OR 'echography'/exp OR

'ultrasonography' OR 'ultrasound' OR 'usg' OR

'sonogram’)
5/29/2015 biometry AND ("crown rump length" OR "crl" OR Cochrane 9

"biparietal distance" OR "biparietal diameter" OR

"bpd" OR "femoral length" OR "abdominal

circumference" OR "transcerebellar diameter" OR

"trans-cerebellar diameter" OR "head

circumference" OR "fetal foot length") AND ("fetus

echography" OR "prenatal ultrasonography" OR

"echography" OR "ultrasonography" OR

"ultrasound" OR "usg" OR "sonogram")
5/29/2015 biometry AND ("crown rump length" OR "crl" OR 3

"biparietal distance" OR "biparietal diameter" OR

"bpd" OR "femoral length" OR "abdominal

circumference" OR "transcerebellar diameter" OR

"trans-cerebellar diameter" OR "head

circumference" OR "fetal foot length") AND ("fetus

echography" OR "prenatal ultrasonography" OR

"echography" OR "ultrasonography" OR

"ultrasound" OR "usg" OR "sonogram") Global Health Library
5/29/2015 biometry AND ("crown rump length" OR "crl" OR 328

"biparietal distance" OR "biparietal diameter" OR

"bpd" OR "femoral length" OR "abdominal

circumference" OR "transcerebellar diameter" OR

"trans-cerebellar diameter" OR "head

circumference" OR "fetal foot length") AND ("fetus

echography" OR "prenatal ultrasonography" OR

"echography" OR "ultrasonography" OR

"ultrasound" OR "usg" OR "sonogram") Web of Science
5/29/2015 biometry AND ("crown rump length" OR "crl" OR 5

"biparietal distance" OR "biparietal diameter" OR
"bpd" OR "femoral length" OR "abdominal
circumference" OR "transcerebellar diameter" OR
"trans-cerebellar diameter" OR "head
circumference" OR "fetal foot length") AND ("fetus
echography" OR "prenatal ultrasonography" OR
"echography" OR "ultrasonography" OR
"ultrasound" OR "usg" OR "sonogram")

Popline
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Total

3899

Total after duplication deletion

3351

Inclusion Criteria
Articles were considered for inclusion if the study drew comparisons between at least 2 gestational age
estimation methods and reported on at least one statistic assessing the accuracy of the GA
determination method. Only studies which were conducted low- and middle-income countries were
included. World Bank Classification of country income groups was used to classify the nation in which
each study was conducted as low-, middle-, or high-income and therefore determine eligibility for
inclusion. Papers written in all languages were included; papers written in languages other than English
were sent out for translation. Preterm neonates were defined as those who were born at <37 weeks of
gestation.

Exclusion Criteria
Studies conducted in high-income countries as well as those which did not focus on comparison of
methods of gestational age estimation were excluded. Studies conducting in specialized sub-
populations, individual case reports, duplicate studies, editorials or reviews without original data, and
studies without data on accuracy of testing or insufficient data to calculate accuracy were also excluded.

Data Extraction and Synthesis
Data was abstracted from literature meeting the specified criteria into a standard Excel file by a single

reviewer. A sample of the variables extracted is shown in Table 3.

Table 3: Ultrasound Data Abstraction Table Variables

Study Characteristics

Gold Standard GA
Determination Method

Test GA Estimation Method(s)

Authors
Journal
Publication year
Country
Study design
Study setting
Population
characteristics
Sample
selection
method

Total sample
size

Type/description of
test/ method
Type/level of
training of health
worker performing
assessment

Mean GA [SD] of
cohort with gold
standard method
Total number of
preterm <37 weeks;
preterm <34 weeks;
LBW; SGA

% preterm <37
weeks; preterm <34
weeks; LBW; SGA

Type/description of gold standard
and test methods

Type/level of health worker
performing assessments

Mean GA (+ standard deviation) of
cohort with gold standard and test
methods

Mean difference (+ standard
deviation) between gold standard vs
test method

Total number or % of preterm <37
weeks; preterm <34 weeks; LBW;
SGA

Correlation coefficient with gold
standard gestational age

Area under the receiver operating
curve

Cutoff values (if applicable) with
corresponding
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o Sensitivity [95%Cl] for preterm <37
weeks; preterm <34 weeks; LBW,
SGA

o Specificity [95%Cl] for preterm <37
weeks; preterm <34 weeks; LBW,
SGA

o PPV for preterm <37 weeks; preterm
<34 weeks; LBW, SGA

o NPV for preterm <37 weeks; preterm
<34 weeks, LBW, SGA

Cl= confidence interval, GA= gestational age, GS= gold standard, LBW= low birth weight, NPV= negative predictive value, PPV=
positive predictive value, SD= standard deviation, SGA= small for gestational age

Data analysis, primary and secondary outcomes or associations: All data pertaining to ultrasound
method validity was summarized in study data table of gestational age determination (Table 3). There
was insufficient quantity and quality data to perform pooled analysis by meta-analysis.

SECTION IlI: RESULTS

Search Results

In this review, our initial search of the literature yielded 3351 articles (Figure 1). Of these returns, only
11.8% (396) were related to accuracy or validity of biometric measurements or other ultrasound-derived
parameters in gestational age assessment. The remaining 88.2% (2955) consisted primarily of studies
that sought to establish norms for biometric measurements in order to better identify fetal anomalies or
aberrant fetal growth. Still among these 396 studies, 91.4% (362) were excluded, with the most common
reason for exclusion being study completion in a high-income country (Figure 1). Out of a total of 3351
unique studies identified through a search of 6 databases, 8.6% (34) were selected for full-text review
based on an initial screen of titles and abstracts. Our second, more targeted search resulted 488 studies
which were screened in the same manner, resulting in 6 that were eligible for full-text review. All studies
selected for inclusion are summarized in Table 9, at the end of this document.



Figure 1. Search Result Flowchart

Total Studies Identified (n=3899)
e  Pubmed (3150)
e  EMBASE (404)
e Cochrane Library (9)
e  Web of Science (328)
e  Popline (5)
e  Global Health Libraries (3)

Duplicate Studies Identified (n=548)

Unique Studies Identified (n=3351)

Excluded Studies by Title & Abstract
(n=3295)
Exclusion criteria:

e Individual case reports

e  Study not conducted in low- or
middle-income nation

e  Editorials or reviews without
original data

12

Additional Studies Identified (n=488)
e  Pubmed (488)

Duplicate Studies Identified (n=0)

Unique Studies Identified (n=488)

Excluded Studies by Title &Abstract
(n=469)
Exclusion criteria:
e Individual case reports
e  Study not conducted in
low- or middle-income
nation
e  Editorials or reviews
without original data

Studies retrieved for full-text review
(n=56)

Studies retrieved for full-text review

(n=19)

Excluded Studies (n=22)

e  (Case studies (n=0)

. Editorials, abstracts or reviews
without original data (n=0)

e Articles not reporting gestational
age data (n=0)

e  Duplicate studies (n=9)

e  No validation or accuracy data (n=4)

e NotLMIC (n=9)

Studies eligible for inclusion (n=34)

Excluded Studies (n=13)

e  Case studies (n=0)

. Editorials, abstracts or
reviews without original
data (n=1)

e  Articles not reporting
gestational age data
(n=3)

e US not comparison
method (n=9)

Studies eligible for inclusion (n=6)

Total Studies eligible for inclusion (n=40)
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Study Settings

10/40 studies were conducted before the year 2000; none of the studies eligible for inclusion was
conducted before 1989. The majority (39/40) of studies eligible for inclusion included sample sizes with
greater than 50 participants. The majority of studies that were both eligible for inclusion and provided
data on study setting were conducted in hospitals (20/29), primarily tertiary care centers. The
gestational ages of the cohorts studied spanned a wide range. Few studies (8/40) focused on gestational
age determination specifically in the second and third trimesters. Only 1/40 included neonates in its
analysis of gestational age determination, implementing ultrasound post-partum. 6/40 studies were
conducted in Latin America, 6/40 were conducted in Africa, 22/40 were conducted in Asia, 4/40 were
conducted in Europe, 1/40 Oceania, 1/40 in the Caribbean.

Table 4. Study Settings: geographic region is listed on the left and medical setting across the top.

Region Hospital Clinic Community NS Total
Latin America 2 2 0 2 6
Africa 4 1 0 1 6
Asia 10 6 1 5 22
Europe 0 0 3 4
Other 1 0 0 2

GA Gold Standard Methods

Studies eligible for inclusion were divided in their use of ultrasound, certain LMP, or LMP confirmed by
ultrasound, which we termed best obstetric estimate (BOE), as their gold standard method for
assessment of GA. 16/40 studies used LMP alone, 8/40 relied on BOE, 7/40 implemented early
ultrasound only as the gold standard, 5/40 used ultrasound at any gestation, 2/40 used actual date of
delivery, and 2/40 studies did not report their gold standard method of GA determination (Figure 2).

Figure 2. Gold Standard (n=40): Pie chart of the methods
used for the gold standard of gestational age determination.

Of those studies that relied upon ultrasound
alone as their gold standard measurement, there
was variation in the timing of ultrasound as well
as the biometric measurements used to
determine GA. In many cases, the reference
curves used in the gold standard method were
not specified. The majority, 30/40 of studies
eligible for inclusion did not specify the level of
training achieved by those conducting the
ultrasonographic assessment. Of those that did,
medical doctors (3/40), community health
workers (1/40), paramedics (1/40), and
sonographers (5/40) performed ultrasonographic
measurements (Figure 3).

Actual

NS, 2
DD,2 _

DD = delivery date, NS = not specified, BOE = best obstetric estimate, LMP = last menstrual period, US = ultrasound
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Figure 3. Level of Health Worker (n=40): pie chart of the training
level of health workers performing ultrasonographic measurements.

MD & CHW,
1 MD &

sonographer
, 5

MD = medical doctor, CHW = community health worker, NS = not specified

GA Comparison Methods and Validity

From our initial review of all returns, we identified 26 unique parameters studied as to their accuracy in
gestational age determination, including the following: liver volume (48), kidney length (49, 50), scapula
length (51), transcerebellar diameter (52-56), vertical calvarial diameter and calvarial volume (57),
ossification of epiphyseal plates (58, 59), bone backscatter (60), fetal binocular distance (61),
measurement of sub-arachnoid space (62), sacral length (63-65), femur length (66), gestational and
amniotic sac volume (67), placental thickness (68), fetal long bones (69), fetal frontal lobe distance and
thalamic frontal lobe distance (70), embryo vascularization (71), cerebellar vermis (72), fetal foot length
(73-75), orbital diameter (76), pancreas length (77), interlens distance (78), ear length (79), cerebellar
volume (80), cross sectional umbilical diameter and area (81), heel ossification centers and foot length
(70).

Among those methods studied in LMICs, there were a range of novel methods for gestational age
determination including calcaneous bone backscatter, measured postnatally (60), kidney length (82),
liver volume (48), trans-cerebellar diameter (52, 55, 80, 83-85), placental thickness (68), foot length (74),
gestational sac volume and amniotic sac volume (67), distal femoral epiphysis, proximal tibial epiphysis,
and proximal humeral epiphysis volumes (58), orbit and lens measurements (86), binocular distance
(61), anterioposterior and craniocaudal diameters of the cerebellar vermis (72), automated
measurements (87), and sacral length (63) (Table 9).

Many studies 17/40 eligible for inclusion reported correlation coefficients (R); 5/40 reported coefficients
of determination (R%) between the comparison method and true gestational age; 3/40 reported
intraclass correlation coefficients. 9/40 studies eligible for inclusion reported mean differences between
GA estimated by the comparison method versus the gold standard. 4/40 studies assessed the sensitivity
and specificity or positive predictive value and negative predictive value in determining prematurity.
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There were the greatest number of studies which reported on trans-cerebellar diameter and gestational
age (6/40) (Table 9). In a study of 228 women at 36 weeks of gestation, Naseem et al (2013) found that
TCD was found to give the correct assessment in 91.7% (p=0.001) of patients as corresponding to GA by
LMP, as compared to 77.2% with BPD (84). However, this study did not specify the parameters used to
classify a GA estimate as “correct” or “incorrect.” The proportion of correct assessments by these two
biometric measurements were compared by chi-square test, which was 10.42 (p=0.001). The authors
therefore argued that TCD is a more reliable method of gestational age estimation in the third
trimester(84).

Araujo et al (2007) assessed fetal cerebellar volume by three-dimensional ultrasound (80). Pearson’s
correlation coefficient (R) and polynomial regression models were calculated for fetal cerebellar volume
and GA; they obtained a correlation coefficient of 0.94 (p<0.01) and a coefficient of determination (R?)
of 0.95, indicating high correlation between cerebellar volume and gestational age (80).

In 2006, Malik et al assessed the use of ultrasonographic measurement of TCD in the third trimester to
determine gestational age(55). Malik et al found that there was a linear relationship of increase in
cerebellar diameter with GA, although there was flattening of the curve at term. Pearson’s correlation
coefficient was calculated and it was observed that concordance between actual and predicted GA was
high, with a correlation coefficient of 0.98 (p<0.001). The mean predicted GA based on TCD was given
for each week between 26-38 menstrual weeks. TCD/AC ratios remained constant (55).

Dilmen et al found a strong correlation between TCD and GA with a correlation coefficient of 0.9767
and coefficient of determination of 0.9539 (p<0.0001) (52). TCD/AC ratios remained constant. The
sensitivity for this TCD/AC ratio for diagnosing growth-restricted fetuses was found to be 100% with a
specificity of 99.7%. The positive predictive value was 91% and the negative predictive value was 100%
(52).

Adeyekun et al (2015) found significant correlation between TCD and menstrual age with a correlation
coefficient of 0.984 (p<0.000) as well as BPD, FL, AC and menstrual age with correlation coefficients of
0.974, 0.969, and 0.963, respectively (83). TCD therefore correlated better with gestational age than the
other biometric parameters of FL, BPD, and AC (83).

Table 5. Summary table of studies using TCD as comparison method.

US Comparison Method Study Correlation (R) Accuracy
TCD, 36w Naseem, 2013 NS

TCD, 20-32w Araujo, 2009 0.94

TCD, 26-38w Malik, 2006 0.98

TCD, 16-41w Dllmen, 1996 0.9767

TCD, BPD, FL, AC, 16-41w Adeyekun, 2015  0.984

BPD, FL, TCD, 2™ tri Nikolov, 1991 0.98 91.7%

TCD = trans-cerebellar diameter, w = weeks, BPD = biparietal diameter, FL = femur length, AC = abdominal circumference, tri =
trimester

Calcaneous bone backscatter (BSC) was measured in the postnatal period by Zhang et al (2013) (60).
Quantitative analysis was used to assess bone status in infants by the use of ultrasound transmission
and backscattering measurements. Comparisons of pairs of groups revealed significant differences in
BSCs between full-term infants and preterm infants at all frequencies (p<0.05), whereas there were
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significant differences only at 2.25 and 5.0 MHz between full-term infants and preterm infants—1 (32-37
weeks). There was a significant positive correlation between the BSC and gestational age at all
frequencies (R=0.24, p <0.01; R=0.19, p< 0.05; R=0.47, p < 0.001; and R =0.36, p < 0.001, for 2.25,
3.5, 5.0 and 7.5 MHz, respectively) (60).

Utility of kidney length (KL) in estimation of gestational age was assessed by Kumar et al (2013) (82).
They found a significant correlation between gestational age (weeks) and mean fetal kidney length
(mm), with a coefficient of determination of 0.98 (p<0.0001). Accuracy was calculated for GA as
predicted by FL, KL, and BPD. FL was found to be most accurate with a standard error of prediction of
13.85 days; KL was £8.4 days and BPD was £8.74 days. The authors conclude that fetal kidney length can
be used as an investigational tool in the determination of GA in the late second and third trimesters of
pregnancy(82).

Kidney length was also evaluated by Toosi et al (2013) (50). This study found that KL measurements
combined with BPD, HC, and FL could predict age of pregnancy within £14.29 days. Using these
predictors, the Pearson correlation coefficient was 0.928, the correlation between LMP and KL alone
was 0.83. The authors noted that the benefit of this method is more significant in the absence of BPD
and/or HC measurements due to difficulty in ultrasonic evaluation in the correct plane or when the fetal
head is too low (50).

Ansari et al (1997) reached similar conclusions in their assessment of fetal kidney length in relation to
gestational age (88). Kidney length correlated with GA as predicted by BPD with a coefficient of 0.84;
while KL correlated with GA as predicted by FL with a coefficient of 0.86 (88).

Table 6. Summary table of studies using kidney length (KL) as a comparison method.

US Comparison Study Correlation (R) Prediction Error

Method

KL, BPD, FL, HC, 8-10w | Toosi, 2012 0.928 NS

KL, 18-38w Kumar, 2013 NS NS

KL, FL, 16-40w Ansari, 1997 0.86 30-36w: 2.44w, 36-40w: 2.30w

KL = kidney length, NS = not specified

Dos Santos Rizzi (2010) examined fetal liver volume (FLV) in pregnant women between 27 and 38 weeks
of gestation (48). There was high correlation between GA and FLV, with an exponential regression best
expressing the relationship and a coefficient of determination of 0.815 (48).

Placental thickness was assessed by Karthikeyan et al (2012) across gestational age, and found that the
correlation coefficient was 0.609 for the first trimester, 0.812 for the second, and 0.814 or the third
(p<0.001) (68). Based on a subsequent multiple correlation analysis between GA (USG), BPD, FL, AC, HC,
FW, and PT by using the Fishers’ Z-transformation with a 5% confidence interval, the correlation
between gestational age and the placental thickness was 0.968 (p<0.05)(68).

Mhaskar et al (1989) analyzed fetal foot length against gestational age, developing a linear regression
model where GA was the dependent variable and found a correlation of 0.85 between foot length and
GA (74). This data was found to follow the existing predictive curve for foot length versus gestational
age. The authors concluded that US foot length measurements should be undertaken when other
parameters do not accurately predict GA, or when abnormality of long bone or BPD is suspected (74).
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Odeh et al (2008) studied three-dimensional sonographic volumetry of the gestational (GSV) and
amniotic sacs (ASV) in the first trimester (67). The GSV increased ad correlated strongly with the GA with
a coefficient of determination of 0.769 (p<0.001). The ASV also increased significantly with GA with a
coefficient of determination of 0.869 (p<0.001) (67).

Suhag et al (2013) analyzed the mean size of the distal femoral epiphysis (DFE), proximal tibial epiphysis
(PTE), and proximal humeral epiphysis (PHE) over the course of gestation (58). The data demonstrated
that with increasing gestational age the proportion of fetuses in which epiphyses have appeared also
increases. The authors argue that correlating gestational age as determined by standard parameters of
fetal biometry with the presence or absence of the DFE, PTE, and PHE increases the accuracy of GA
estimation (58).

Sukonpan et al (2009) analyzed fetal orbital and lens measurements throughout gestation (86). There
was a statistically significant linear relationship between GA and orbital diameter with a coefficient of
determination of 0.96, 0.97 for orbital circumference, and 0.98 for orbital surface. A linear relationship
was also found between GA and lens diameter, with a coefficient of determination of 0.89, 0.93 for lens
circumference, 0.95 for and lens surface (86).

Tongsong et al (1992) analyzed fetal binocular distance as a predictor of menstrual age. They found a
linear quadratic function could be considered an optimal model for predicting menstrual age from
binocular distance with a correlation of determination of 0.94052 (p=0.000) (61). The variability (+2 SD)
associated with predicting menstrual age from binocular distance is £14 days between 14 and 27 weeks,
and 124 days between 29 and 40 weeks. The authors concluded that his measurement may serve as an
adjunct parameter in predicting GA, especially in cases where BPD cannot be obtained (61).

Vinals et al (2005) assessed fetal cerebellar vermis volume through gestational maturation and found
that the VCI-C CC (volume corrected image, craniocaudal) diameter of the cerebellar vermis correlated
linearly with GA with a correlation coefficient of 0.91 (72). The VCI-C AP diameter of the cerebellar
vermis correlated linearly with GA with a correlation coefficient r of 0.86 (72).

Beksac et al (1996) analyzed an automated image processing system which assessed fetal BPD and HC to
predict fetal GA (87). The authors concluded that in 98% of the cases, the number of gestational weeks
were estimated correctly by means of their automated computerized system. The study, however, does
not specify what qualifies as a “correct” versus “incorrect” estimate, or the margin of error that is
allowed (87).

The significance of sacral length in the estimation of fetal gestation age was studied by Ozat et al in 2011
(63). They found an increasing fetal sacral length according to advancing gestational age, which could be
fit by a linear regression equation with a correlation coefficient of 0.96 and coefficient of determination
of 0.96, as compared to that for BPD with a correlation coefficient of 0.98, coefficient of determination
of 0.96, HC with a correlation coefficient of 0.97 and coefficient of determination of 0.95, AC with a
correlation coefficient of 0.94 and coefficient of determination of 0.97, and FL with a correlation
coefficient of 0.96 and coefficient of determination of 0.99 (63).

14/40 studies assessed accuracy of widely accepted biometric parameters in determination of GA (Table
9). Among these, Moore et al (2015) assessed GA as determined by HC and BPD throughout gestation as
compared to GA as determined by CRL in early ultrasound. They found that HC biometry tended to
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underestimate GA on average by 0.39 weeks (95% LOA: -2.60, 1.82). This underestimation was
exaggerated when HC biometry was measured later in pregnancy. Conversely, BPD had a tendency to
overestimate GA, regardless of the gestational age at time of measurement, with an average of 0.83
weeks (95% LOA -0.93, 2.58)(44).

Karl et al (2015) assessed the agreement between established methods of US GA determination (HC, AC,
FL, and BPD) mid-pregnancy (25 0/7 to 29 6/7 weeks) and late-pregnancy (30 0/7 to 35 6/7 weeks) as
compared to the gold standard of CRL in early pregnancy. Average bias for scans between 25 and 29
weeks was -2 (95% LOA -16, 11) while that for scans between 29 and 35 was -5 (95% LOA -22, 11).
Overall, in assessment of agreement between established methods, Karl et al found that mid- and late-
pregnancy US tended to be associated with increased discordance to the reference method, in this case
CRL, yet, mid-pregnancy scans still resulted in acceptably good agreement with the reference(5).

Ultrasound Exam to Identify Prematurity

Only one study compared the validity of various methods of ultrasound examination to identify preterm
births (<37 weeks gestational age). Pereira et al (2013) compared ultrasound performed between 21 and
28 weeks, beyond 29 weeks, and LMP to the reference ultrasound exam performed between 7 and 20
weeks to assess the validity of these measures for approximating GA among users of the public health
sector from two municipalities of Rio de Janeiro State, Brazil (11). The prematurity rate varied, with the
highest rate of 16.9% with sure LMP. For the reference US at 7 to 20 weeks of gestation, the rate was
13.2%,; for US between 21-28 weeks and 29+ weeks, the rates were 14.0% and 12.4% respectively (Table
7). Sensitivity, specificity, positive, and negative predictive values were calculated and are listed in Table
7 (11).

Table 7. Preterm Prediction Data (preterm defined as GA <37 weeks)

Study US Comparison  Preterm (N) % Sensitivity ~ Specificity PPV NPV
Method preterm
Pereira, 2009 | US 21-28 w 92 14.8 0.85 0.96 0.74 0.98
US 29+ w 96 13.6 0.78 0.94 0.59 0.97
LMP 143 16.9 0.73 0.91 0.52 0.96
Moore, 2015 US HC <25w 35 7 0.77 0.99
US HC 25+w 100 22 0.97 0.84
US BPD <25w 29 6 0.67 0.99
US BPD 25+w 25 6 0.50 0.98
Karl, 2015 US 25-29w 13 8 0.89 0.97 0.62 0.99
US 30-35w 24 15.4 0.83 0.87 0.21 0.99
Pereira, 2014 | US private 14.5 0.85 0.98
US public 12.6 0.76 0.98

US = ultrasound, w = weeks, LMP = last menstrual period, PPV = positive predictive value, NPV = negative predictive value

Inter- and Intra-Observer Validity

Nine studies reported intra and inter-rater reliability specifically for ultrasound operators of varying
levels of training (41, 42, 46, 48, 63, 67, 72, 89). In the study by Rijken et al (2009), 4 community health
workers and one physician each performed two measurements of four parameters on each patient (90).
The intraobserver correlation coefficient for all 4 parameters (BPD, HC, AC, AL) was greater than 0.9 for
all 4 trainees and the physician (range 0.996-0.998) indicted that nearly all the variation observed was
attributable to differences between patients, rather than differences in the repeated measurements
taken by an examiner on any single patient (90). The same study assessed interobserver variation by
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calculating the mean difference in ultrasound measurements obtained by two different examiners. This
was done for the complete dataset (349 patients) as well as a subset of measurements obtained for
pregnancies at 18-24 weeks (90 patients). For the complete dataset, including women between 16-40
weeks, the distribution of mean differences was approximately normal for each of the 4 parameters
(BPD, HC, AC, FL), but the SDs and differences for BPD, HC, and AC increased with the magnitude of the
measurements.

For the subset of 90 women between 18-24 weeks (when biometry scans are used to estimate GA if no
first trimester CRL was obtained), GA was estimated and the mean difference(95% Cl, SD in weeks) for
GA estimation based on each parameter were as follows: BPD -0.12 (-0.19 to -0.04, 0.36); HC-0.12 (-0.20
t0-0.03, 0.42); AC-0.03 (-0.13 t0 0.07, 0.50); FL-0.11 (-0.21 to 0, 0.5). Variation in measurements was
constant throughout the range of measurements. All possible differences in estimation of GA based on
interobserver variation were less than +1 week (90).

A second study by Rijken et al (2012) examined variability in measurements for different ultrasound
operators including four local sonographers (42). Raw data were fitted with a cubic polynomial for all
biometric parameters and the 50" centiles of each biometric parameter from previously published
equations were expressed as Z-scores based on the equations developed by this study. The fact that the
Z-scores of the other equations were within the 5% and 95% range of this study’s equation suggests that
the locally trained sonographers were able to obtain measurements comparable with those of expert
sonographers. Additionally, the SD values calculated for the GA estimation by the locally trained
sonographers were lower than those of other studies, suggesting that locally trained sonographers can
obtain measurements that are associated with a low SD and are within the normal limit of published
equations (42).

Ozat et al (2011) calculated intra-observer variance in their assessment of correlation of fetal sacral
length with gestational age (63). Each measurement was made three times by the same sonographer.
The intra-observer variation was calculated to be 1.1 £0.2%, 1.4 £+ 0.6%, 1.5 +0.9%, 1.2 + 0.3% and 1.3
0.1% for BPD, HC, AC, FL and sacrum length, respectively. Therefore, intra-observer variation for sacral
length fell well within the variation seen in biometric parameters widely-accepted for use in GA
determination (63).

In a study performed to document the accuracy and precision of sonographic fetal biometry performed
by 9 paramedics in rural Bangladesh, Neufeld et al (2009) calculated intra- and inter-observer error,
expressed as the mean SD (46). Variance components analysis showed that intra-observer error was
larger than inter-observer error for all parameters (CRL, BPD, OFD, HC, FL, AC), with the exception of
OFD in the first trimester. Intra-observer error ranged from 0.97mm for BPD in the first trimester to
7.25mm for AC in the third trimester, and inter-observer error ranged from 0.00mm for FL in the third
trimester to 3.36mm for AC in the third trimester. Intra-observer error was larger for measurements
taken for women in the later trimesters of pregnancy, confirmed by Bland-Altman plots. Accuracy was
calculated by mean paired differences between each paramedic and the study supervisor, and between
the study supervisor and the study trainer. Differences were calculated as the mean of 2 measurements
taken by the paramedic minus the mean of the two measurements taken by the study supervisor, or as
the mean of 2 measurements taken by the study supervisor minus the mean of the two measurements
taken by the study trainer. Overall, Both inter- and intra-observer measurement errors were within the
range reported in the literature for studies conducted by technical staff and medical doctors (46).
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Ohagwu et al (2014) assessed reproducibility of GA estimation using FL, BPD, and AC within and
between experienced and inexperienced sonographers (89). Two sets of GA estimates were obtained for
FL, BPD, and AC by 2 observers in 20 normal singleton fetuses. Variability was measured by Pearson’s
and intraclass correlations, coefficient of variation, and Bland-Altman plots. Pearson’s correlations
between GA estimates of both sonographers from measurement of FL, BPD, and AC were high and
statistically significant for both sonographers; the Pearson’s correlations within individual sonographers
were high and statistically significant. Pearson’s correlations between the second estimates of GA from
experienced and inexperienced sonographers were high and statistically significant. High intraclass
correlation coefficients were seen between first and second GA estimates by both sonographers.
Coefficient of variation for duplicate measurements within the sonographers were negligible for all
estimates from FL, BPD, and AC. Coefficients of variation for duplicate measurements between
snographers showed least variation for FL, with greater variation between sonographers from BPD and
AC measurements. Bland Altman plots for inter- and intra-observer reproducibility of GA estimates by
the 3 biometric parameters supported these results. This study concluded that measurements of
inexperienced sonographers were consistently the same as those of the experienced sonographer (89).

Odeh et al (2008) assessed the inter-rater reliability of 2 different observers in measuring gestational sac
volume (GSV) (67). A high correlation was found for volume measurements obtained by 2 different
sonographers, with a correlation coefficient of 0.998 and no statistical differences were found between
the observers’ measurements, with a mean difference of -0.0046 mL (SD 1.821 mL). A Bland-Altman plot
supported these findings (67).

Vinals et al (2005) evaluated inter-observer variability in measurement of fetal cerebellar vermis
biometry (72). There was no significant difference between the measurements of the two observers
with measurements for CC, AP, and surface area (P>0.05). For CC diameter, the intraclass correlation
coefficient between both operators was 0.97 (95% Cl 0.96-0.98) and for AP diameter was 0.94 (95% Cl
0.92-0.95). These findings were reflected in Bland-Altman plots (72).

Dos Santos Rizzi (2010) reported inter- and intra-observer reproducibility for fetal liver volumetric
measurements(48). Mean intra-observer difference was 0.009cm? and intraclass correlation coefficient
(ICC) was 0.989 (95%Cl 0.977-0.995); mean inter-observer difference was 1.017 cm® and ICC was 0.984
(95% Cl 0.967-0.992). Bland-Altman plots indicated a good intra- and inter-observer reproducibility with
97% of the values falling within the 95% confidence interval. Mean difference for intra-observer
measures was 0.09cm? (95% CI -10.27 to 10.27, SD -5.24 to 5.24) and for inter-observer measures was
1.17 cm?® (95% CI -7.72 to 7.72, SD -4.19 to 4.19) (48).

Table 8. Inter- and Intra-observer Validity Data.

Study us Intra-observer  Inter-observer GA Error Intra-class

Comparison error (mm) error (mm) correlation

Method coefficient
Rijken, 2009 BPD, 18-24w -0.12mm (0.36) <tlw >0.99

HC, 18-24w -0.12mm (0.42) <tlw >0.99

AC, 18-24w -0.03mm (0.50) <tlw >0.99

FL, 18-24w -0.11mm (0.50) <tlw >0.99
Neufeld, 2009 | BPD, 27-37w 1.34 mm(0.49) 1.00mm (0.76)

HC, 27-37w 4.20mm (1.53) 1.47mm (1.33)

OFD 27-37w 2.11mm (0.76) 0.57mm (0.56)




AC, 27-37w 7.25mm (2.63) 3.36mm (2.74)
FL, 27-37w 1.58mm (0.57) 0.00mm
Ohagwu, 2015 | FL Exp: £2.26d, Exp: 0.9970,
Inexp: £2.09d  Inexp: 0.9941
BPD Exp: £2.12d, Exp: 0.9951,
Inexp: +2.06d  Inexp:0.9950
AC Exp: +2.85d, Exp: 0.9905,
Inexp: £2.51d  Inexp: 0.9905
Dos Santos FLV 0.009 cm’ 1.017 cm® Intra: 0.989
Rizzi, 2010 Inter: 0.984
Vinals, 2005 CCc. vermis 0.97
AP c. vermis 0.94
Karl, 2015 US 25-29w 0.85
US 30-35w 0.66
Sukonpan Orbit diameter Variability <3%
Lens diameter Variability <3%
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BPD = bi-parietal diameter, HC = head circumference, AC = abdominal circumference, FL = femur length, OFD = occipitofrontal
diameter, US = ultrasound, Exp = experienced ultrasonographer, Inexp = inexperienced sonographer, FLV = fetal liver volume,
CC = craniocaudal diameter, AP = anteroposterior diameter, c. vermis = cerebellar vermis

SECTION 1V: DISCUSSION

The published literature regarding use of ultrasound in pregnancy is extensive, ranging from assessment
of gestational age and fetal growth to anatomical manifestations of genetic syndromes and
determination of fetal gender. However, the existing literature regarding use of ultrasound in low- and
middle-income countries to assess gestational age is limited. Of 3351 unique papers returned in our
initial search, only 34 studies met criteria for full-text review. A second, more targeted search yielded
488 unique studies, of which only 6 met criteria for full-text review.

Perhaps a product of our initial search terms, the majority of published literature retrieved in our review
regarding fetal biometry and ultrasound focused on assessment of normal or abnormal fetal growth and
identification of fetal anomalies. Additionally, there was a relative dearth of published literature
regarding use of ultrasound for gestational age determination in LMICs. While the INTERGROWTH-21*
Project appears poised to provide high quality data describing normal fetal growth, preterm growth and
newborn nutritional status in eight geographically diverse populations, no such data exists for data
regarding gestational age determination.

We therefore sought to review the existing literature to gather data related to various methods and
their respective accuracy in determining gestational age with the use of ultrasound in order to inform
best practices in LMICs. We recognize that there exist relatively widely-accepted guidelines for
gestational age determination in high-resource settings, however we believe that the unique challenges
of antenatal care in resource-limited settings may influence such recommendations; namely variable
quality or access to equipment, variable level of training of ultrasound operators, and a higher risk of
late presentation to antenatal care by patients.

Review of the 40 studies which met eligibility criteria demonstrated that methods and quality varied
widely between studies, particularly with respect to the gold standard method used to determine
gestational age. Ideal studies are those in which early ultrasound or BOE are used as the gold standard,
as these methods been demonstrated to most reliably and accurately estimate gestational age in high-
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resource settings and therefore represent our best estimate of a gold standard method in the absence
of specific data suggesting otherwise (10). Yet, less than half of total studies eligible for inclusion 37.5%
(15/40) used BOE (8/40) or early ultrasound (7/40) as the gold standard for gestational age
determination. An additional 12.5% (5/40) relied on ultrasound at any gestational age, and 5% (2/40)
implemented study participants’ actual date of delivery. Among the studies that met inclusion criteria,
the most frequently used gold standard method was “certain LMP” 40% (16/40). Given that it has been
well documented that even “certain” menstrual dates are error-prone (10), the results of these studies
must be interpreted with caution. In addition, great variation in gold standard methods from one study
to the next poses particular difficulty for meta-analysis. Discrepant methods for determination of the
reference gestational age prevent logical aggregation of data or meaningful meta-analysis.

Many, 42.5% (17/40), of the studies eligible for inclusion reported correlation between GA determined
by the comparison biometric parameter or individual biometric measurements and GA as determined by
the gold standard method as a proxy for accuracy of that comparison US method in predicting GA.
Correlation was reported as Pearson or Spearman coefficients, depending on the data distribution.
There are several difficulties which arose in the meta-analysis of such results in this review. First, while
coefficients of correlation offer some insight into agreement, they are poor indicators of accuracy.
Secondly, of the two methods used to perform meta-analysis of correlation coefficients, the Hedges-
Olkin method, based on a conventional summary meta-analysis with a Fisher Z transformation of the
correlation coefficient and the Hunter-Schmidt method, effectively a weighted mean of the raw
correlation coefficient, neither is appropriate for a small number of studies (less than 30) or a
heterogeneous set of studies, as those in our review have proven to be (91). Finally, data reporting
correlation between two estimates of GA cannot be directly compared with that reporting correlation
between GA and biometric measurements.

Less frequently, in only 22.5% (9/40) studies, did the reviewed literature present the accuracy of the US
comparison methods as mean error measured by the number of days an estimation of gestational age
may differ from “true” gestational age determined by the gold standard method. This data is more
amenable to meta-analysis and we discuss our intentions for statistical analysis of this data after re-
screening of the literature in Future Directions below.

As reported in the Results section above, this review returned many studies investigating the use of
novel biometric parameters in place of or in addition to existing parameters with the purpose of
increasing the accuracy of GA determination. In this review, we were particularly interested in those
which reported this data from the 2" and 3" trimesters, as this is when women from LMICs commonly
present for prenatal care.

There was evidence to suggest that inclusion of certain biometric parameters may improve the accuracy
of GA determination in the second and third trimesters of pregnancy, particularly TCD (52, 55, 80, 83-
85). In certain cases, the correlation coefficients relating TCD and gestational age were greater than one
or more of the biometric parameters currently used. Naseem et al (2013) found that estimation of GA
based upon TCD measurement resulting in a correct assessment of GA in 91.7% (p=0.001) of patients, as
compared to only 77.2% correctly estimated based upon BPD (84). Adeyekun et al (2015) found
significant correlation between TCD and menstrual age with a correlation coefficient r of 0.984 (p<0.000)
as well as BPD, FL, AC and menstrual age with correlation coefficients of 0.974, 0.969, and 0.963,
respectively (83). TCD therefore demonstrated a higher degree of correlation with gestational age than
the other biometric parameters of FL, BPD, and AC.
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In contrast to biometric parameters such as fetal BPD, which are thought to represent gestational age
more accurately when performed early in gestation, the fetal cerebellum grows consistently with
increasing gestational age, and therefore may accurately predict gestational age in any trimester (55).
Certain parameters such as trans-cerebellar diameter (TCD) may therefore serve as an appropriate
measure for patients presenting late to prenatal care or in whom there is variation of fetal head shape
such as dolicocephaly, brachycephaly, where it is difficult to calculate biparietal diameter, or where
there is molding of the head (55). Additionally, while not within the scope of this review, the transverse
cerebellar diameter to abdominal circumference has been used to determine not only correct
gestational age, but intra-uterine growth restriction. While Dilmen et al found a strong correlation
between TCD and GA with a correlation coefficient r of 0.9767 and coefficient of determination r® of
0.9539 (p<0.0001), this study also found that TCD/AC ratios remained constant throughout gestation
(52). The sensitivity for this TCD/AC ratio for diagnosing IUGR fetuses for 2 SD turned out to be 100%
(10/10+0) and specificity was 99.7% (320/320 +1). The PPV was 91% (10/10+11) and the NPV was 100%
(320 +0) (52).

Within those studies which met criteria for inclusion, we were interested in not only novel biometric
parameters used, but novel methods of ultrasonography , including automated equipment, operator
training level, and implementation setting. An automated computer processing system for ultrasound
images to perform gestational age determination appeared to have promise, as Beksac et al (1996)
analyzed an automated image processing system which assessed fetal BPD and HC to predict fetal GA
(87). The authors concluded that in 98% of the cases, the number of gestational weeks were estimated
correctly by means of their automated computerized system. However, this study lacked important
details as to definitions of accuracy (87).

The fact that the majority of these studies took place in tertiary hospitals is to be expected given the
resources necessary for ultrasound implementation. However, there were several studies that
successfully implemented obstetrical ultrasound in a community setting, proving the feasibility of
community-based ultrasonographic assessment for gestational age and serving as models for other
communities looking to do the same (42, 46, 48, 61, 90, 92).

The strongest evidence was that related to inter- and intra-observer reliability, and the data reviewed
here may have implications for clinical practice as it relates to the individuals that are trained to perform
ultrasound to determine gestational age. Based on the data for inter- and intra-observer variability
among ultrasound operators with varying levels of training, it is possible to arrange for training which
allows less highly specialized operators to achieve levels of intra- and inter-observer reliability
comparable to those published in the existing literature (Table 8) (41, 42, 46, 48, 63, 67, 72, 89).

It is important to note, however, that these methods have several limitations. Neufeld et al, for example
included few measurements after 30 weeks as a reflection of their larger study protocol, therefore it is
unclear as to whether their findings of acceptable error could be extrapolated to later gestational
ages(93). Additionally, their training was intensive with a specific retraining protocol for those operators
who did not achieve measurements within their set error limit. This study environment would therefore
introduce reduced error compared to a less controlled setting, limiting the generalizability of these
findings.

Limitations and Strengths

The initial search terms used to identify articles from PubMed, Embase, Web of Science, Popline,
Cochrane Library, Global Health Library, WHO Regional Database, www.clinicaltrials.gov, were broad
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and did not include the term “gestational age” or any equivalents, resulting in a large, less focused
return which included many articles that were not relevant to our review. While the motivation in
keeping broad search criteria was to avoid omission of any studies which used biometric parameters
measured by ultrasonography to determine gestational age, it is possible that by omitting “gestational
age” from the search criteria, certain studies which contained key terms or search words related to
gestational age but not biometry may have been omitted.

The studies included in this review each selected against fetal or maternal characteristics which may
have increased risk for intra-uterine growth restriction or other growth abnormalities, including large for
gestational age fetuses resulting from maternal diabetes, therefore accuracy data obtained in these
settings may have limited generalizability. Additionally, we did not search for unpublished articles, which
could introduce publication bias. However, this systematic review is the first to review literature from
LMICs.

CONCLUSIONS AND FUTURE DIRECTIONS

Our primary conclusion from this review is that there is inadequate quality and quantity of data
regarding accuracy of ultrasound to determine gestational age in the 2" and 3™ trimesters in LMICs.
Whether this finding is a true reflection of the existing literature, or a product of a flawed search, is the
guestion driving our future directions.

The initial search terms used to identify articles from PubMed, Embase, Web of Science, Popline,
Cochrane Library, Global Health Library, WHO Regional Database, www.clinicaltrials.gov, were broad
and did not include the term “gestational age” or any equivalents. A subsequent, more targeted search
of PubMed for MeSH terms including “gestational age” and equivalents, “ultrasonography” and
equivalents, and “LMICs” and equivalents revealed 6 studies eligible for full text review. We therefore
have reason to believe that our initial search may have excluded relevant studies which included
“gestational age” in their MeSH terms, but did not include “biometry,” “ultrasound,” or any of the
equivalents. We therefore plan to re-screen the databases listed above with these new MeSH terms of
“gestational age” or “biometry” and “ultrasound” and “LMIC.” These will be screened by the same
methods outlined above and extracted. We do not anticipate that this new search will yield many
additional studies not returned by the first two combined. All studies eligible for inclusion will be
reviewed in full text and extracted as appropriate by two independent reviewers.

If there is sufficient and adequate quality data to perform pooled analysis, we will conduct meta-analysis
with hierarchal bivariate models using the Stata “metandi” command, per the recommendations of the
Cochrane Working Group on Systematic Reviews of Diagnostic Test Accuracy. Hierarchal summary
receiver operating characteristic curves will be generated with the “metanplot” command. Couples
forest plots will be generated with Review Manager 5.1. Sub-group analysis and meta-regression may be
performed, if necessary to explore sources of heterogeneity.
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