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Evidence: Published literature was retrieved through searches 
of PubMed or MEDLINE and The Cochrane Library in 2013 
using appropriate controlled vocabulary and key words 
(gestational age, ultrasound biometry, ultrasound dating) . 
Results were restricted to systematic reviews, randomized 
control trials/controlled clinical trials, and observational studies 
written in English . There were no date restrictions . Searches 
were updated on a regular basis and incorporated in the 
guideline to July 31, 2013 . Grey (unpublished) literature was 
identified through searching the websites of health technology 
assessment and health technology-related agencies, clinical 
practice guideline collections, clinical trial registries, and 
national and international medical specialty societies .

Values: The quality of evidence in this document was rated using 
the criteria described in the Report of the Canadian Task Force 
on Preventive Health Care (Table 1) .

Benefits, harms, and costs: Accurate assignment of gestational 
age may reduce post-dates labour induction and may improve 
obstetric care through allowing the optimal timing of necessary 
interventions and the avoidance of unnecessary ones . More 
accurate dating allows for optimal performance of prenatal 
screening tests for aneuploidy . A national algorithm for the 
assignment of gestational age may reduce practice variations 
across Canada for clinicians and researchers . Potential 
harms include the possible reassignment of dates when 
significant fetal pathology (such as fetal growth restriction 
or macrosomia) result in a discrepancy between ultrasound 
biometric and clinical gestational age . Such reassignment may 
lead to the omission of appropriate—or the performance of 
inappropriate—fetal interventions .

Summary Statements

1 .  When performed with quality and precision, ultrasound alone is 
more accurate than a “certain” menstrual date for determining 
gestational age in the first and second trimesters (≤ 23 weeks) 
in spontaneous conceptions, and it is the best method for 
estimating the delivery date . (II)

2 .  In the absence of better assessment of gestational age, routine 
ultrasound in the first or second trimester reduces inductions 
for post-term pregnancies . (I)

Abstract

Objective: To assist clinicians in assigning gestational age based on 
ultrasound biometry .

Outcomes: To determine whether ultrasound dating provides more 
accurate gestational age assessment than menstrual dating with 
or without the use of ultrasound . To provide maternity health care 
providers and researchers with evidence-based guidelines for the 
assignment of gestational age . To determine which ultrasound 
biometric parameters are superior when gestational age is 
uncertain . To determine whether ultrasound gestational age 
assessment is cost effective .
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3.  Ideally, every pregnant woman should be offered a first-trimester 
dating ultrasound; however, if the availability of obstetrical 
ultrasound is limited, it is reasonable to use a second-trimester 
scan to assess gestational age . (I)

4 .  Notwithstanding Summary Statements 1, 2, and 3, women vary 
greatly in their awareness of their internal functions, including 
ovulation, and this self-knowledge can sometimes be very 
accurate . (III)

Recommendations

1 .  First-trimester crown-rump length is the best parameter for 
determining gestational age and should be used whenever 
appropriate . (I-A)

2.  If there is more than one first-trimester scan with a mean sac 
diameter or crown-rump length measurement, the earliest 
ultrasound with a crown-rump length equivalent to at least 7 
weeks (or 10 mm) should be used to determine the gestational 
age . (III-B)

3 .  Between the 12th and 14th weeks, crown-rump length and 
biparietal diameter are similar in accuracy . It is recommended 
that crown-rump length be used up to 84 mm, and the biparietal 
diameter be used for measurements > 84 mm . (II-1A)

4 .  Although transvaginal ultrasound may better visualize  
early embryonic structures than a transabdominal approach,  
it is not more accurate in determining gestational age .  
Crown-rump length measurement from either transabdominal  
or transvaginal ultrasound may be used to determine  
gestational age . (II-1C)

5 .  If a second- or third-trimester scan is used to determine 
gestational age, a combination of multiple biometric parameters 
(biparietal diameter, head circumference, abdominal 
circumference, and femur length) should be used to determine 
gestational age, rather than a single parameter . (II-1A)

6 .  When the assignment of gestational age is based on a third-
trimester ultrasound, it is difficult to confirm an accurate due date. 
Follow-up of interval growth is suggested 2 to 3 weeks following 
the ultrasound . (III-C)

INTRODUCTION

The accurate dating of  pregnancy is critically important 
for pregnancy management from the first trimester to 

delivery, and is particularly necessary for determining viability 
in premature labour and in post-dates deliveries.1 Prior to 
the widespread use of  ultrasound, caregivers relied on a 
combination of  history and physical examination to clinically 
determine gestational age. Ultrasound gave clinicians a method 
to measure the fetus and therefore to estimate gestational 
age. Much of  our current clinical practice is based on studies 
from the 1980s and 1990s. As new information emerges in 
fields, such as reproductive biology, perinatal epidemiology, 
and medical imaging, our current clinical practice is being 
challenged. “Certain” menstrual dating, for example, is less 
certain than previously thought.

When ultrasound is performed with quality and precision, 
there is evidence to suggest that dating a pregnancy using 
ultrasound measurements is clinically superior to using 
menstrual dating with or without ultrasound, and this has 
been advocated and adopted in other jurisdictions.2–6

GESTATIONAL AGE ESTIMATES 
USING CLINICAL DATING

The clinical estimate of  gestational age typically relies on 
clinical history (menstrual cycle length, regularity, and recall 
of  the first day of  the last menstrual period), followed by 
confirmation by physical examination or other signs and 
symptoms.7–9

Table 1. Key to evidence statements and grading of recommendations, using the ranking of the Canadian Task Force 
on Preventive Health Care
Quality of evidence assessment* Classification of recommendations†

I:        Evidence obtained from at least one properly randomized  
controlled trial

A .   There is good evidence to recommend the clinical preventive action

II-1:   Evidence from well-designed controlled trials  without    
randomization

B .   There is fair evidence to recommend the clinical preventive action

II-2:   Evidence from well-designed cohort (prospective or   
retrospective) or case–control studies, preferably from   
more than one centre or research group

C .   The existing evidence is conflicting and does not allow to make a 
recommendation for or against use of the clinical preventive action; 
however, other factors may influence decision-making

II-3:   Evidence obtained from comparisons between times or  
places with or without the intervention . Dramatic results in 
uncontrolled experiments (such as the results of treatment with 
penicillin in the 1940s) could also be included in this category

D .   There is fair evidence to recommend against the clinical preventive action

E .   There is good evidence to recommend against the clinical preventive 
action

III:      Opinions of respected authorities, based on clinical experience, 
descriptive studies, or reports of expert committees

L.   There is insufficient evidence (in quantity or quality) to make 
a recommendation; however, other factors may influence 
decision-making

*The quality of evidence reported in these guidelines has been adapted from The Evaluation of Evidence criteria described in the Canadian Task Force on 
Preventive Health Care .118

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian Task Force 
on Preventive Health Care .118
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Dating Based on Menstrual History
Dating by certain menstrual history is inexpensive and 
readily available. Typically, the EDD is based on a 280-
day gestation from the first day of  the LMP. Certain 
menstrual dating criteria assume regular cycles, ovulation 
at the midpoint of  the cycle, fertilization on the middle 
day of  the cycle, correct recall of  the onset of  the LMP, 
and the woman having been free of  oral contraceptives 
for several months prior. Women vary greatly in their 
awareness of  their internal functions, including ovulation. 
Their self-knowledge of  ovulation can sometimes be very 
accurate; however, the only truly certain clinical history 
is one in which the dates of  ovulation, fertilization, 
and implantation are precisely known, as in ART, in 
which records include the date of  oocyte retrieval, and 
other methods of  timed ovulation and fertilization. 
Unfortunately, without timed ovulation and fertilization 
as in ART and other timed methods, clinical history is 
often not reliable.10 Campbell et al. demonstrated that 
45% of  pregnant women are uncertain of  menstrual 
dates as a result of  poor recall, irregular cycles, bleeding 
in early pregnancy, or oral contraceptive use within 2 
months of  conception.11

Even if  menstrual history is correct, the exact time 
of  ovulation, fertilization, and implantation cannot be 
known. Women may undergo several “waves” of  follicular 
development during a normal menstrual cycle, which 
may mean ovulatory inconsistency during any given 
cycle.12,13 Sperm may survive for 5 to 7 days in the female 
reproductive tract, a “known” conception date is therefore 
not completely reliable.14 Recent studies suggest the 
ovulation-to-implantation duration can vary by as much as 

11 days, and this may affect fetal size and growth.15 Even 
in women who are certain of  menstrual dating, delayed 
ovulation is an important cause of  perceived prolonged 
pregnancy and is more likely to occur than early ovulation.16 
Some authors have suggested that 282 days should be used 
instead of  280 to improve dating accuracy, since it is more 
likely that women will ovulate later rather than earlier than 
predicted.9 All of  these factors conspire to make it difficult 
to accurately predict gestational age based on menstrual 
history.

Dating Based on Clinical Examination
The size of  the uterus, estimated through pelvic or 
abdominal examination, can be roughly correlated with 
gestational age; however, factors that affect uterine size 
(such as fibroids) and maternal body characteristics (such 
as obesity) will affect such an estimate. The uterus is 
approximately the size of  a grapefruit at 10 to 12 weeks. 
At 20 weeks the fundus reaches the umbilicus. After 20 
weeks the symphysis fundal height, in centimetres, should 
correlate with the week of  gestation.7,17 Fetal heart tones 
are audible at 11 to 12 weeks with electronic Doppler 
devices, and this audibility can also assist in the clinical 
assignment of  gestational age.10

Gestational Age Estimation Based  
on Ultrasound Findings
Ultrasound biometric measurements determine 
gestational age based on the assumption that the size of  
the embryo or fetus is consistent with its age. Biological 
variation in size is less during the first trimester than in 
the third trimester. Ultrasound estimation of  gestational 
age in the first trimester is therefore more accurate than 
later in pregnancy.18 Full descriptions of  each parameter 
and published ranges of  accuracy are outlined in Table 2.

The determination of  gestational age in the first trimester 
uses the mean gestational sac diameter and/or the crown–
rump length. During the first 3 to 5 menstrual weeks an 
intrauterine pregnancy is first signaled by the presence 
of  a gestational sac.19 The gestational sac represents the 
chorionic cavity, and its echogenic rim represents the 
implanting chorionic villi and associated decidual tissue.20 
The smallest gestational sac size that can be clearly 
distinguished by high frequency transvaginal transducers 
is 2 to 3 mm, which corresponds to a gestational age of  
about 32 to 33 days.21 The MSD is a commonly used, 
standardized, way to estimate gestational age during early 
pregnancy. It is less reliable when the MSD exceeds 14 mm 
or when the embryo can be identified.22 The growth of  
the MSD is approximately 1 mm per day.23 CRL has lower 
interobservor variability than MSD, and may thus be better 
for dating a pregnancy.24

ABBREVIATIONS
AC  abdominal circumference

ART  assisted reproductive technology

BPD  biparietal diameter

CRL  crown-rump length

EDD  estimated due date

FL  femur length

HC  head circumference

ISUOG  International Society of Ultrasound in Obstetrics and 
Gynecology

LMP  last menstrual period

MSD  mean sac diameter

PPV  positive predictive value

TA  transabdominal

TV  transvaginal

US  ultrasound
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Yolk Sac
When the yolk sac appears in the gestational sac it provides 
confirmation of  an intrauterine pregnancy and may be 
initially visible as early as the start of  the 5th week or as 
late as the 6th week. It grows to a maximal size of  6 mm 
by 10 weeks and gradually migrates to the periphery of  
the chorionic cavity. At the end of  the first trimester it 
becomes undetectable. Although the presence of  the yolk 
sac is helpful in determining the presence of  an intrauterine 
pregnancy, direct measurement of  this structure is not 
useful in determining gestational age.25

Crown-Rump Length
Direct measurement of  the CRL provides the most 
accurate estimate of  gestational age once the embryo is 
clearly seen. Ideally, either the best CRL or the average 
of  several satisfactory measurements should be used.26 
The CRL measurement is reported to be accurate for 
dating to within 3 to 8 days.22,27–39 The MSD should not 
be used to estimate gestational age once the CRL can be 
measured.22,39,40

The narrowest confidence interval appears to be 
between 7 and 60 mm for CRL.3,29,30,40 The slope of  the 
embryonic growth curve is small before this time and it 
can be difficult to clearly identify a very early fetus; thus, 
it is this committee’s expert opinion that reliability and 
measurability is best when the CRL is at least 10 mm. If  
more than one scan is performed in the first trimester, the 
earliest scan with a CRL of  at least 10 mm should be used. 
To avoid performing extra ultrasounds, it is acceptable to 
time the dating scan to coincide with nuchal translucency 
screening (if  available).

Several studies have evaluated CRL and BPD between 
12 and 14 weeks, with conflicting results. The majority 
suggest there is no clinically important difference among 
confidence intervals, suggesting that either CRL or BPD 
should be used at this gestational age.41–44 The 84 mm 
threshold for CRL for estimating gestational age, as 
suggested by the ISUOG, seems reasonable.6

Recommendations
1.  First-trimester crown-rump length is the  

best parameter for determining gestational  
age and should be used whenever  
appropriate. (I-A)

2.  If  there is more than one first-trimester scan 
with a mean sac diameter or crown-rump length 
measurement, the earliest ultrasound with a crown-
rump length equivalent to at least 7 weeks (or 
10 mm) should be used to determine the gestational 
age. (III-B)

3.  Between the 12th and 14th weeks, crown-rump 
length and biparietal diameter are similar in accuracy. 
It is recommended that crown-rump length be used 
up to 84 mm, and the biparietal diameter be used for 
measurements > 84 mm. (II-1A)

Transabdominal Versus 
Transvaginal Ultrasonography
Transvaginal ultrasound is typically used to evaluate 
early first trimester pregnancy structures, such as the 
gestational sac, yolk sac, and embryo. Original studies 
comparing transabdominal and transvaginal techniques in 
early pregnancy demonstrated that TV was the superior 
method.45–47 Perhaps because of  better technology, more 
recent studies have not found the same result. Grisolia 
et al. concluded that the accuracy of  TV ultrasound 
has not been shown to be superior to TA ultrasound in 
dating pregnancies.31 Other authors have found that TA is 
comparable to TV in determining gestational age if  CRL is 
measurable after 6 weeks.31,48–50

Recommendation
4.  Although transvaginal ultrasound may better 

visualize early embryonic structures than a 
transabdominal approach, it is not more accurate 
in determining gestational age. Crown-rump length 
measurement from either transabdominal or 
transvaginal ultrasound may be used to determine 
gestational age. (II-1C)

Crown-Rump Length in Pregnancies Conceived  
by Assisted Reproductive Technology
When the conception date is known absolutely, as with 
timed ovulation/fertilization during ART, the EDD 
should be calculated based on the fertilization date. 
Studies have demonstrated that the CRL measurements 
in IVF pregnancies are those to be expected in naturally 
conceived pregnancies, suggesting that study results can be 
extrapolated between the 2 populations.30,51,52

Second and Third Trimester
In the second and third trimesters, estimation of  gestational 
age is accomplished by measuring the biparietal diameter, 
head circumference, abdominal circumference, and femur 
length. These measurements are only as good as the quality of  
the images. Optimal imaging can be difficult in some clinical 
situations, such as in a late pregnancy abnormal lie when 
the head is deep in the maternal pelvis, maternal obesity, or 
multiple gestation. Normal biological variation appears to 
have more influence on measurements in the second and 
third trimester. Thus, in the second half  of  pregnancy these 
measurements are less reliable than first trimester CRL, and 
they become increasingly inaccurate as gestation progresses 
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(Table 2).18,53 Maternal and fetal pathology may affect them, 
so their inclusion or exclusion in the determination of  
gestational age requires clinical judgement.

The BPD is less reliable in determining gestational age when 
there are variations in skull shape, such as dolichocephaly 
or brachycephaly; hence some authors feel that BPD is less 
reliable than HC.9,53–57 As a single parameter, HC correlates 
better to gestational age than the other 3 standard parameters 
in the second trimester, and as with all others, it becomes 
less accurate with increasing gestational age.58–61

It is more challenging to measure the fetal AC than the other 
parameters. The abdomen has no bright echoes of  bone, it 
is not always symmetrical, and its size will vary with fetal 
respiration and central body flexion/extension. Of  all the 
fetal biometric parameters, this measurement has the most 
variability as it is somewhat dependant on fetal growth 
factors and body position.54,61–63

Femur length varies somewhat with ethnicity. Short femurs 
are commonly a normal variant, however this finding may 
also indicate fetal growth restriction, aneuploidy, and—
when severely shortened—skeletal dysplasias.53,64–69

Composite Versus Single Biometry Measurement
Using multiple parameters is superior to using a single 
second trimester parameter.63,70,71 As more parameters are 
used, accuracy improves; however, there is no significant 
benefit beyond 3 commonly used parameters.3,61,70–73

Multiple parameters are also useful if  any one parameter 
is affected by a fetal condition/syndrome, such as 
achondroplasia on femur length. It is prudent to evaluate 
the etiology of  an aberrant measurement to determine its 
clinical significance.

Commonly, clinicians use the unweighted mean of  all 4 
biometric parameters (BPD, HC, AC, and FL). However, it is 
clear that all 4 are not equally correlative, thus many authors 
have created regression equations using various combinations 
of  biometric parameters to improve accuracy.54,61,74,75 It is not 
clear which method is superior in determining gestational 
age.61,72 Until more research is available, it is reasonable to use 
either when estimating second or third trimester gestational 
age. Up to 23 weeks, second trimester US has a 95% CI of  
less than a week for predicting gestational age, comparable 
to first trimester US.61 In the late second trimester, clinical 
judgement should be exercised.

Since the confidence intervals in the third trimester 
are quite large (2 to 2.4 weeks), it is not clear that US 
determined gestational age is superior to clinical history 
and the application of  judicious clinical judgement may be 

warranted. There is also a concern that when gestational 
age assessment is based on a third trimester scan only, the 
fetus may in fact be growth restricted,61 and gestational 
age therefore underestimated. Hence, a follow-up scan 
for growth in such circumstances should be considered to 
evaluate interval growth.

Recommendations
5.  If  a second- or third-trimester scan is used to 

determine gestational age, a combination of  multiple 
biometric parameters (biparietal diameter, head 
circumference, abdominal circumference, and femur 
length) should be used to determine gestational age, 
rather than a single parameter. (II-1A)

6.  When the assignment of  gestational age is based  
on a third-trimester ultrasound, it is difficult to 
confirm an accurate due date. Follow-up of  interval 
growth is suggested 2 to 3 weeks following the 
ultrasound. (III-C)

Other Biometry
Measurement of  the transcerebellar diameter, foot length, 
clavicle length, intra/interorbital diameters, kidney length, 
sacral length, scapula length, as well as the length of  other 
long bones of  the extremity have also been evaluated to 
determine gestational age. Studies have not shown that 
these parameters improve the assessment of  gestational 
age beyond that achieved with standard biometry, however 
they may be useful in clinical situations in which traditional 
biometry is difficult to attain (such as uteroplacental 
insufficiency) or when fetal abnormalities are present.76–86

Signs of Fetal Maturity
Identification of  certain US findings suggest that a fetus 
has reached the third trimester and may correlate with 
fetal lung maturity and gestational age. These parameters 
are the epiphyseal ossification centres of  the distal femur, 
proximal tibia, and proximal humerus. The measurement of  
these ossification centres does not precisely correlate with 
gestational age; however, their presence may be helpful late 
in pregnancy when the gestational age is not known. The 
presence of  distal femoral epiphysis has a PPV of  96% for 
indicating a pregnancy of  at least 32 weeks, the proximal 
tibial epiphysis has a PPV of  83% for indicating a pregnancy 
of  at least 37 weeks, and the proximal humeral epiphysis 
has a PPV of  100% for indicating a pregnancy of  at least 
38 weeks.87–91

WHAT IS THE BEST METHOD  
FOR ASSIGNING GESTATIONAL AGE?

Currently, most centres in Canada use a combined 
approach in which US is used to confirm reliable 
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menstrual dating. If  there is an unreliable menstrual 
history, the US prediction of  EDD is used. Clinical 
judgement is used to resolve conflicting data. However, 
centres vary in terms of  confidence intervals and 
biometry charts used.

Many studies evaluating menstrual dating, compared with 
US dating, in the first and second trimesters have found US 
dating superior for predicting the actual date of  delivery.92–98 
No study has shown that it is inferior to menstrual dating. 
Menstrual dating underestimates the US-based EDD by 
an average of  2 to 3 days.95 Ultrasound dating alone was 
significantly better in predicting the actual date of  delivery 
than any of  the dating policies using menstrual dates alone 
or in combination with US.9,99

Many studies document that the use of  US dates reduces 
the rate of  post-dates pregnancy by about 70% even in 
the face of  certain menstrual history.92,96,97,99,100 The most 
recent Cochrane systematic review found reduced rates 
of  induction for post-term pregnancy (OR 0.59; 95% CI 
0.42 to 0.83) among women who underwent routine US 
in early pregnancy (< 24 weeks) and concluded that early 
pregnancy US enables better gestational age assessment, as 
well as conferring other benefits.101

Using US-based gestational age assignment would also 
result in improved performance of  prenatal screening 
programs. Using US estimates exclusively would increase 
sensitivity for Down syndrome anywhere from 9% to 16%, 
and/or decrease false-positive rates (for a set sensitivity) 
by 2.6%.102,103 There might be a very slight increase in the 
screening positive rate for open neural tube defects, but 
this is more than offset by the decrease in false-positive 
rates for Down syndrome. The common practice of  
using certain menstrual dates confirmed by US is inferior 
to using US alone.104 In the context of  serum screening, 
first and early second-trimester US parameters perform 
similarly.100,102,104–106

Some clinicians fear that the exclusive use of  US-based 
estimates of  gestational age would result in pregnancy 
complications because of  the potential to miss early 
growth discordance. A large-for-gestational-age fetus 
might be mistakenly assigned a greater gestational age 
because of  its larger size or an early growth-restricted 
fetus may be incorrectly assigned a later due date. This 
may potentially mask an underlying fetal or placental 
problem leading to pregnancy complications, such 
as preterm birth, preeclampsia, and fetuses small for 
gestational age, or it may cause a delay in the recognition 
of  fetal abnormalities. There is disagreement in the 
literature as to whether a significant discordance 

between menstrual and US estimates of  gestational 
age is associated with an increased risk of  obstetrical 
complications.107–114 Interestingly, an unreliable 
menstrual history itself  confers an increased risk of  
adverse pregnancy outcomes.112 Although there may be 
a risk in using US dating exclusively, some of  this risk 
would remain whenever there is discordance between 
menstrual and US estimates, regardless of  which method 
of  gestational age assignment is used. Furthermore, the 
clinical management of  such situations is unclear. More 
research is needed in this area.

Summary Statements
1.  When performed with quality and precision, 

ultrasound alone is more accurate than a “certain” 
menstrual date for determining gestational age 
in the first and second trimesters (≤ 23 weeks) in 
spontaneous conceptions, and it is the best method 
for estimating the delivery date. (II)

2.  In the absence of  better assessment of  gestational 
age, routine ultrasound in the first or second 
trimester reduces inductions for post-term 
pregnancies. (I)

SHOULD ROUTINE FIRST TRIMESTER  
DATING ULTRASOUNDS BE  
OFFERED TO ALL PREGNANT WOMEN?

A routine first trimester US has many advantages: early 
identification of  gross anomalies and multiple gestations, 
more precise dating, improved performance of  prenatal 
screening, and an opportunity to perform nuchal 
translucency as part of  prenatal genetic screening. In many 
jurisdictions, a dating US is performed routinely in all 
women, regardless of  menstrual history. The availability, 
quality, and health care cost of  obstetrical US is a significant 
factor in local patterns of  practice.2 Crowther et al. found 
routine early US (< 17 weeks) provided more precise 
estimates of  gestational age than later US (18 to 22 weeks), 
reduced the need to adjust the EDD in mid-gestation, and 
decreased maternal anxiety.115

The balance of  the literature supports using first trimester 
US to reduce the incidence of  induction for post-dates 
pregnancy.18,99,100,116–118 Although no comprehensive cost 
benefit analysis has been done on routine early US for 
dating, the current literature suggests significant benefits 
are present. Ideally, where it is readily available, a first 
trimester US for dating should be performed. Where 
nuchal translucency is available, this scan can serve both 
functions. When a first trimester US cannot be obtained, 
the available evidence suggests the second trimester US 
can be used for similar benefits.101
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Summary Statements
3.  Ideally, every pregnant woman should be offered 

a first trimester dating ultrasound; however, if  the 
availability of  obstetrical ultrasound is limited, it is 
reasonable to use a second trimester scan to assess 
gestational age. (I)

4.  Notwithstanding Summary Statements 1, 2, and 
3, women vary greatly in their awareness of  their 
internal functions, including ovulation, and this self-
knowledge can sometimes be very accurate. (III)

SUMMARY

The accurate determination of  gestational age is required for 
many aspects of  antenatal care. In the past, it was probably 
felt that a few days of  inaccuracy was acceptable; however, 
emerging data suggests that a few days inaccuracy can 
affect things, such as the performance of  maternal serum 
screening, the assessment of  post-dates pregnancy, and 
the subsequent induction of  labour. Based on the available 
research, the use of  US-derived dates is the best method 
to determine gestational age for clinical use. It is not, 
however, intended to be used to determine the exact date of  
conception because of  biological variability in reproduction, 
fetal size, and development. Clinical history may have value 
in determining gestational age, and on rare occasions may 
supersede US dating; however, in order to achieve the most 
clinical benefit, the use of  US dating should predominate.

REFERENCES

1.  Kalish RB, Chervenak FA. Sonographic determination of  gestational age. 
Ultrasound Rev Obstet Gynecol 2005;5:254–8.

2.  Hughes R, Aitken E, Anderson J, Barry C, Benton M, Elliot J; National 
Institute for Health and Clinical Excellence. Antenatal care. Routine care 
for the healthy pregnant woman. NICE clinical guideline 62. London: 
RCOG Press; 2008. 

3.  Bottomley C, Bourne T. Dating and growth in the first trimester. Best 
Pract Res Clin Obstet Gynaecol 2009;23:439–52.

4.  Gardosi J. Dating of  pregnancy: time to forget the last menstrual period. 
Ultrasound Obstet Gynecol 1997;9:367–8.

5.  Gardosi J, Geirsson RT. Routine ultrasound is the method of  choice for 
dating pregnancy. Br J Obstet Gynaecol 1998;105:933–6.

6.  Salomon LJ, Alfirevic Z, Bilardo CM, Chalouhi GE, Ghi T, Kagan KO, 
et al. ISUOG practice guidelines: performance of  first-trimester fetal 
ultrasound scan. Ultrasound Obstet Gynecol 2013;41(1):102–13. 

7.  Andersen HF, Johnson TR Jr, Flora JD Jr, Barclay ML. Gestational age 
assessment. II. Prediction from combined clinical observations. Am J 
Obstet Gynecol 1981;140(1):770–4.

8.  Andersen HF, Johnson TR Jr., Barclay ML, Flora JD Jr. Gestational age 
assessment. I. analysis of  individual clinical observations. Am J Obstet 
Gynecol 1981;139:173–7.

9.  Nguyen TH, Larsen T, Engholm G, Moller H. Evaluation of  ultrasound-
estimated date of  delivery in 17,450 spontaneous singleton births: do we 
need to modify Naegele’s rule? Ultrasound Obstet Gynecol. 1999;14:23–8.

10.  Johnson TR, Niebyl JR. Preconception and prenatal care: part of  the 
continuum. In: obstetrics: normal and problem pregnancies. 4th ed. 
Philadelphia: Churchill Livingstone; 2002.

11.  Campbell S, Warsof  SL, Little D, Cooper DJ. Routine ultrasound 
screening for the prediction of  gestational age. Obstet Gynecol 
1985;65:613–20.

12.  Baerwald AR, Adams GP, Pierson RA. A new model for ovarian 
follicular development during the human menstrual cycle. Fertil Steril 
2003;80:116–22.

13.  Baerwald AR, Adams GP, Pierson RA. Characterization of  ovarian 
follicular wave dynamics in women. Biol Reprod 2003;69:1023–31.

14.  Leppaluoto P. Vaginal flora and sperm survival. J Reprod Med 
1974;12:99–107.

15.  Mahendru AA, Daemen A, Everett TR, Wilkinson IB, McEniery CM, 
Abdallah Y, et al. Impact of  ovulation and implantation timing on first 
trimester crown-rump length and gestational age. Ultrasound Obstet 
Gynecol 2012;40:630–5. 

16.  Saito M, Keijiro Y, Akinori H, Takahiro K, Nozumu N, Kohei K. Time of  
ovulation and prolonged pregnancy. Am J Obstet Gynecol 1976;112:31–8.

17.  Beazley JM, Underhill RA. Fallacy of  the fundal height. BMJ 
1970;4:404–6.

18.  Caughey AB, Nicholson JM, Washington AE. First- vs second-trimester 
ultrasound: the effect on pregnancy dating and perinatal outcomes. Am J 
Obstet Gynecol 2008;198:703–5.

19.  Laing FC, Frates MC. Ultrasound evaluation during the first trimester 
of  pregnancy. In: Callen PW, ed. Ultrasonography in obstetrics and 
gynecology, 4th ed. Philadelphia: WB Saunders, 2000.

20.  Timor-Tritsh IE, Farine D, Rosen MG. A close look at early embryonic 
development with the high-frequency transvaginal transducer. Am J 
Obstet Gynecol 1988;159:676–81.

21.  Rowling SE, Langer JE, Coleman BG, Nisenbaum HL, Horii SC,  
Arger PH, et al. Sonography during early pregnancy: dependence of  
threshold and discriminatory values on transducer frequency. AJR Am J 
Roentgenol 1999;172:983–8.

22.  Nyberg DA, Mack LA, Laing FC, Patten R. Distinguishing normal from 
abnormal gestational sac growth in early pregnancy. J Ultrasound Med 
1987;6(1):23–7.

23.  MacKenzie AP, Stephenson CD, Funai EF. Prenatal assessment of  
gestational age. UpToDate. Version 16.3, October 1 2008. Available at: 
http://www.uptodate.com/contents/prenatal-assessment-of- 
gestational-age? Accessed on April 21, 2013.

24. Pexsters A. Clinical implications of  intra- and interobserver reproducibility 
of  transvaginal sonographic measurement of  gestational sac and 
crown-rump length at 6-9 weeks’ gestation. Ultrasound Obstet Gynecol 
2011;38:510–5. 

25.  Sauerbrei E, Cooperbeg PL, Poland JB. Ultrasound demonstration of  the 
normal fetal yolk sac. J Clin Ultrasound 1980;8:217–20.

26.  Salomon LJ, Bernard JP, Duyme M, Dorion A, Ville Y. Revisiting first-
trimester biometry. Ultrasound Obstet Gynecol 2003;22:63–6.

27.  Tezuka N, Saito H, Hiroi M. Comparison of  the accuracy of  gestational 
age estimation from fetal heart rate and crown-rump length. Prim Care 
Update Ob Gyns 1998;5:193.

28.  Bovicelli L, Orsini LF, Rizzo N, Calderoni P, Pazzaglia FL, Michelacci L.  
Estimation of  gestational age during the first trimester by real-time 
measurement of  fetal crown-rump length and biparietal diameter. J Clin 
Ultrasound 1981;9:71–5.

29.  Hadlock FP, Shah YP, Kanon DJ, Lindsey JV. Fetal crown-rump length: 
reevaluation of  relation to menstrual age (5-18 weeks) with high-
resolution real-time US. Radiology 1992;182:501–5.



FEBRUARY JOGC FÉVRIER 2014  l  179

Determination of Gestational Age by Ultrasound

30.  Daya S. Accuracy of  gestational age estimation by means of  fetal crown-
rump length measurement. Am J Obstet Gynecol 1993;168:903–8.

31.  Grisolia G, Milano K, Pilu G, Banzi C, David C, Gabrielli S, et al. 
Biometry of  early pregnancy with transvaginal sonography. Ultrasound 
Obstet Gynecol. 1993;3:403–11.

32.  Robinson HP, Fleming JE. A critical evaluation of  sonar “crown-rump 
length” measurements. Br J Obstet Gynaecol 1975;82:702–10.

33.  van de Velde EH, Broeders GH, Horbach JG, Esser-Rath VW. Estimation 
of  pregnancy duration by means of  ultrasonic measurements of  the fetal 
crown-rump length. Eur J Obstet Gynecol Reprod Biol 1980;10:225–30.

34.  Vollebergh JH, Jongsma HW, van Dongen PW. The accuracy of  ultrasonic 
measurement of  fetal crown-rump length. Eur J Obstet Gynecol.Reprod 
Biol 1989;30:253–6.

35.  Silva PD, Mahairas G, Schaper AM, Schauberger CW. Early crown  
rump length. A good predictor of  gestational age. J Reprod Med  
1990;35:641–4.

36.  Wisser J, Dirschedl P, Krone S. Estimation of  gestational age by 
transvaginal sonographic measurement of  greatest embryonic length in 
dated human embryos. Ultrasound Obstet Gynecol 1994;4:457–62.

37.  Goldstein SR, Wolfson R. Endovaginal ultrasonographic measurement of  
early embryonic size as a means of  assessing gestational age. J Ultrasound 
Med 1994;13:27–31.

38.  Nyberg DA, Laing FC, Filly RA. Threatened abortion: sonographic 
distinction of  normal and abnormal gestation sac. Radiology 
1986;158:397–400.

39.  Goldstein SR. Early detection of  pathologic pregnancy by transvaginal 
ultrasonography. J Clin Ultrasound 1990;18:262–73.

40.  Piantelli G, Sacchini C, Coltri A, Ludovici G, Paita Y, Gramellini D. 
Ultrasound dating-curve analysis in the assessment of  gestational age.  
Clin Exp Obstet Gynecol 1994;2:108–18. 

41.  Saltved S, Almstrom H, Kublickas M. Ultrasound dating at 12-14 or 15-20 
weeks of  gestation? A prospective cross-validation of  established dating 
formulae in a population of  in-vitro fertilized pregnancies randomized to 
early or late dating scan. Ultrasound Obstet Gynecol 2004;24:42–50.

42.  Sladkevicius P, Saltved S, Almstrom H, Kublickas M, Grunewald C, 
Valentin L, et al. Ultrasound dating at 12-14 weeks of  gestation.  
A prospective cross-validation of  established dating formulae in in-vitro 
fertilized pregnancies. Ultrasound Obstet Gynecol 2005;26:504–11.

43.  Wu FS, Hwu YM, Lee RK, Li SH, Sun FJ, Lin MH, et al. First trimester 
ultrasound estimation of  gestational age in pregnancies conceived after in 
vitro fertilization. Eur J Obstet Gynecol Reprod Biol 2012;160:151–5.

44.  Chalouhi GE, Bernard JP, Benoist G, Nasr B, Ville Y, Salomon LJ.  
A comparison of  first trimester measurements for prediction of  delivery 
date. J Matern Fetal Neonatal Med 2011;24:51–7.

45.  Coleman BG, Arger PH, Grumbach K, Menard MK, Mintz MC,  
Allen KS, et al. Transvaginal and transabdominal sonography: prospective 
comparison. Radiology 1988;168:639–43.

46.  Jain KA, Hamper UM, Sanders RC. Comparison of  transvaginal and 
transabdominal sonography in the detection of  early pregnancy and its 
complications. AJR Am J Roentgenol 1988;151:1139–43.

47.  Pennell RG, Needleman L, Pajak T, Baltarowich O, Vilaro M, Goldberg 
BB, et al. Prospective comparison of  vaginal and abdominal sonography 
in normal early pregnancy. J Ultrasound Med 1991;10:63–7.

48.  Lohr PA, Reeves MF, Creinin MD. A comparison of  transabdominal 
and transvaginal ultrasonography for determination of  gestational age 
and clinical outcomes in women undergoing early medical abortion. 
Contraception 2010;81:240–4.

49.  Ferrazzi E, Garbo S, Sulpizio P, Ghisoni L, Levi SP, Buscaglia M. 
Miscarriage diagnosis and gestational age estimation in the early first 
trimester of  pregnancy: transabdominal versus transvaginal sonography. 
Ultrasound Obstet Gynecol 1993;3:36–41.

50.  Kaur A. Transvaginal ultrasonography in first trimester of  pregnancy and 
its comparison with transabdominal ultrasonography. J Pharm Bioallied 
Sci 2011;3:329–38.

51.  Gjerris AC, Loft A, Pinborg A, Tabor A, Christiansen M. First-trimester 
screening in pregnancies conceived by assisted reproductive technology: 
significance of  gestational dating by oocyte retrieval or sonographic 
measurement of  crown-rump length. Ultrasound Obstet Gynecol 
2008;32:612–7.

52.  Tunón K, Eik-Nes SH, Grøttum P, Von Düring V, Kahn JA.  
Gestational age in pregnancies conceived after in vitro fertilization:  
a comparison between age assessed from oocyte retrieval,  
crown-rump length and biparital diameter. Ultrasound Obstet Gynecol 
2000;15(1):41–6.

53.  Nyberg DA. Diagnostic imaging of  fetal anomalies, 2nd ed. Philadelphia: 
Lippincott Williams Wilkins; 2003: pp 32–4.

54.  Hadlock FP, Harrist RB, Martinez-Poyer J. How accurate is second 
trimester fetal dating? J Ultrasound Med 1991;10:557–61.

55.  Hadlock FP, Deter RL, Harrist RB, Park SK. Fetal biparietal diameter: 
rational choice of  plane section for sonographic measurement. AJR Am J 
Roentgenol 1982;138:871–4.

56.  Hadlock FP, Deter RL, Harrist RB, Park SK. Fetal biparietal diameter:  
a critical re-evaluation of  the relation to menstrual age by means of   
real-time ultrasound. J Ultrasound Med 1982;1:97–104.

57.  Hadlock FP, Deter RL, Carpenter RJ, Park SK. Estimating fetal age:  
effect of  head shape on BPD. AJR Am J Roentgenol 1981;137:83–5.

58.  Law RG, MacRae KD. Head circumference as an index of  fetal age.  
J Ultrasound Med 1982;1:281–8.

59.  Hadlock FP, Deter RL, Harrist RB, Park SK. Fetal head circumference: 
relation to menstrual age. AJR Am J Roentgenol 1982;138:649–53.

60.  Ott WJ. The use of  ultrasonic fetal head circumference for predicting 
expected date of  confinement. J Clin Ultrasound 1984;12:411–5.

61.  Chervenak FA, Skupski DW, Romero R, Myers MK, Smith-Levitin M, 
Rosenwaks Z, et al. How accurate is fetal biometry in the assessment of  
fetal age? Am J Obstet Gynecol 1998;178:678–87.

62.  Hadlock FP, Deter RL, Harrist RB, Park SK. Fetal abdominal 
circumference as a predictor of  menstrual age. AJR Am J Roentgenol 
1982;139:367–70.

63.  Benson C, Doubilet PM. Sonographic prediction of  gestational age: 
accuracy of  second and third trimester fetal measurements. AJR Am J 
Roentgenol 1991;157:1275–7.

64.  Shalev E, Feldman E, Weiner E, Zuckerman H. Assessment of  gestational 
age by ultrasonic measurement of  the femur length. Acta Obstet Gynecol 
Scand 1985;64:71–4.

65.  Hadlock FP, Harrist RB, Deter RL, Park SK. A prospective evaluation 
of  femur length as a predictor of  gestational age. J Ultrasound Med 
1983;2:111–2.

66.  Yeh MN, Bracero L, Reilly KB, Murtha L, Aboulafia M, Barron BA. 
Ultrasonic measurement of  the femur length as an index of  fetal 
gestational age. Am J Obstet Gynecol 1982;144:519–22.

67.  Hadlock FP, Harrist RB, Deter RL, Park SK. Fetal femur length as 
a predictor of  menstrual age: sonographically measured. AJR Am J 
Roentgenol 1982;138:875–8.

68.  Weisz B, David AL, Chitty L, Peebles D, Pandya P, Patel P, et al. 
Association of  isolated short femur in the mid-trimester fetus with 
perinatal outcome. Ultrasound Obstet Gynecol 2008;31:512–6.

69.  Papageorghiou AT, Fratelli N, Leslie K, Bhide A, Thilaganathan B. 
Outcome of  fetuses with antenatally diagnosed short femur. Ultrasound 
Obstet Gynecol 2008;31:507–11.



180  l  FEBRUARY JOGC FÉVRIER 2014

SOGC CLINICAL PRACTICE GUIDELINES

70.  Hill LM, Guzick D, Hixson J, Peterson CS, Rivello DM. Composite 
assessment of  gestational age: a comparison of  institutionally derived and 
published regression equations. Am J Obstet Gynecol 1992;166:551–5.

71.  Geirsson RT, Have G. Comparison of  actual and ultrasound estimated 
second trimester gestational length in in-vitro fertilized pregnancies. Acta 
Obstet Gynecol Scand 1993;72:344–6.

72.  Hadlock FP, Deter RL, Harrist RB, Park SK. Estimating fetal age: 
computer-assisted analysis of  multiple fetal growth parameters. Radiology 
1984;152:497–501.

73. Hadlock FP, Harrist RB, Shah YP, King DE, Park SK, Sharman RS. 
Estimating fetal age using multiple parameters: a prospective evaluation in 
a racially mixed population. Am.J Obstet Gynecol. 1987;156:955–57.

74.  Mongelli M, Yuxin NG, Biswas A, Chew S. Accuracy of  ultrasound dating 
formulae in the late second-trimester in pregnancies conceived with in-
vitro fertilization. Acta Radiol 2003;44:452–5.

75.  Mongelli M, Chew S, Yuxin NG, Biswas A. Third-trimester ultrasound 
dating algorithms derived from pregnancies conceived with artificial 
reproductive techniques. Ultrasound Obstet Gynecol 2005;26:129–31.

76.  Gottlieb AG, Galen HL. Nontraditional sonographic pearls in estimating 
gestational age. Semin Perinatol 2008;32:154–60.

77.  Jeanty P, Rodesch F, Delbeke D, Dumont JE. Estimation of  gestational 
age from measurements of  fetal long bones. J Ultrasound Med 
1984;3:75–9.

78.  Yarkoni S, Schmidt W, Jeanty P, Reece EA, Hobbins JC. Clavicular 
measurement: a new biometric parameter for fetal evaluation.  
J Ultrasound Med 1985;4:467–70

79.  Mercer BM, Sklar S, Shariatmadar A, Gillieson MS, D’Alton ME. Fetal 
foot length as a predictor of  gestational age. Am J Obstet Gynecol 
1987;156:350–5.

80.  Platt LD, Medearis AL, DeVore GR, Horenstein JM, Carlson DE, 
Brar HS. Fetal foot length: relationship to menstrual age and fetal 
measurements in the second trimester. Obstet Gynecol 1988;71:526–31.

81.  Murao F, Shibukawa T, Takamiya O, Yamamoto K, Hasegawa K. 
Antenatal measurement of  the scapula length using ultrasound. Gynecol 
Obstet Invest 1989;28:195–7.

82.  Reece EA, Gabrielli S, Degennaro N, Hobbins JC. Dating through 
pregnancy: a measure of  growing up. Obstet Gynecol Surv 
1989;44:544–55.

83.  Lee W, Barton S, Comstock CH, Bajorek S, Batton D, Kirk JS.  
Transverse cerebellar diameter: a useful predictor of  gestational age 
for fetuses with asymmetric growth retardation. Am J Obstet Gynecol 
1991;165(4 Pt 1):1044–50.

84.  Sherer DM, Abramowicz JS, Plissinger MA, Woods JR Jr. Fetal sacral 
length in the ultrasonographic assessment of  gestational age. Am J Obstet 
Gynecol 1993;168:626–33.

85.  Konje JC, Abrams KR, Bell SC, Taylor DJ. Determination of  
gestational age after the 24th week of  gestation from fetal kidney length 
measurements. Ultrasound Obstet Gynecol 2002;19:592–7.

86.  Drey EA, Kang MS, McFarland W, Taylor DJ. Improving the accuracy 
of  fetal foot length to confirm gestation duration. Obstet Gynecol 
2005;105:773–8.

87.  Donne HD, Faúndes A, Tristão EG, de Sousa MH, Urbanetz AA. 
Sonographic identification and measurement of  the epiphyseal  
ossification centers as markers of  fetal gestational age. J Clin Ultrasound 
2005;33:394–400.

88.  Goldstein I, Lockwood CJ, Reece, Hobbins JC. Sonographic assessment 
of  the distal femoral and proximal tibial ossification centers in the 
prediction of  pulmonic maturity in normal women and women with 
diabetes. Am J Obstet Gynecol 1988;159:72–6.

89.  Goldstein I, Lockwood C, Belanger K, Hobbins J. Ultrasonographic 
assessment of  gestational age with the distal femoral and proximal 
tibial ossification centers in the third trimester. Am J Obstet Gynecol 
1988;158:127–30.

90.  Gentili P, Trasimeni A, Giorlando C. Fetal ossification centers as 
predictors of  gestational age in normal and abnormal pregnancies.  
J Ultrasound Med 1984;3:193–7.

91.  Mahoney BS, Callen PW, Filly RA. The distal femoral epiphyseal 
ossification center in the assessment of  third-trimester menstrual age: 
sonographic identification and measurement. Radiology 1985;155:201–4.

92.  Mongelli M, Wilcox M, Gardosi J. Estimating the date of  confinement: 
ultrasonographic biometry versus certain menstrual dates. Am J Obstet 
Gynecol 1996;174:278–81.

93.  Rossavik IK, Fishburne JI. Conception age, menstrual age and ultrasound 
age: a second trimester comparison of  pregnancies of  known conception 
date with pregnancies dates from last menstrual period. Obstet Gynecol 
1987;73:243–9.

94.  Kramer MS, McLean FH, Boyd ME, Usher RH. The validity of  
gestational age estimation by menstrual dating in term, preterm, and 
postterm gestations. JAMA 1988;260:3306–8.

95.  Tunón K, Eik-Nes SH, Grøttum P. A comparison between ultrasound 
and a reliable last menstrual period as predictors of  the day of  delivery in 
15,000 examinations. Ultrasound Obstret Gynecol 1996;8:178–85.

96.  Waldenström U, Axelsson O, Nilsson S. A comparison of  the ability of  a 
sonographically measured biparietal diameter and last menstrual period to 
predict the spontaneous onset of  labor. Obstet Gynecol 1990;76:336–8.

97.  Kieler H, Axelsson O, Nilsson S, Waldenström U. Comparison of  
ultrasonic wseameasurement of  biparietal diameter and last menstrual 
period as a predictor of  day of  delivery in women with regular 28 day-
cycles. Acta Obstet Gynecol Scand 1993;72:347–9.

98.  Backe B, Nakling J. Term prediction in routine ultrasound practice.  
Acta Obstet Gynecol Scand 1994;73:113–8.

99.  Taipale P, Hiilesmaa V. Predicting delivery date by ultrasound and last 
menstrual period in early gestation. Obstet Gynecol 2001;97:189–94.

100.  Blondel B, Morin I, Platt RW, Kramer MS, Usher R, Breart G. Algorithms 
for combining menstrual and ultrasound estimates of  gestational 
age: consequences for rates of  preterm and postterm birth. BJOG 
2002;109:718–20.

101.  Whitworth M, Bricker L, Neilson JP, Dowswell T. Ultrasound for 
fetal assessment in early pregnancy. Cochrane Database Syst Rev 
2010;4:CD007058.

102.  Benn PA, Borgida A, Horne D, Briganti S, Collins R, Rodis JF. Down 
syndrome and neural tube defect screening: the value of  using gestational 
age by ultrasonography. Am J Obstet Gynecol 1997;176:1056–61.

103.  Wald NJ, Cuckle HS, Densem JW, Kennard A, Smith D. Maternal serum 
screening for Down’s syndrome: the effect of  routine ultrasound scan 
determination of  gestational age and adjustment for maternal weight.  
Br J Obstet Gynaecol 1992;99:144–9.

104.  Rahim RR, Cuckle HS, Sehmi IK, Jones RG. Compromise ultrasound 
dating policy in maternal serum screening for Down syndrome. Prenat 
Diagn 2002;22:1181–4.

105.  Koster MP, Van Leeuwen-Spruijt M, Wortelboer EJ, Stoutenbeek P,  
Elvers LH, Loeber JG, et al. Lack of  standardization in determining 
gestational age for prenatal screening. Ultrasound Obstet Gynecol 
2008;32:607–11.

106.  Wald NJ, Smith D, Kennard A, Palomaki GE, Salonen R, Holzgreve W,  
et al. Biparietal diameter and crown-rump length in fetuses with Down’s 
syndrome: implications for antenatal serum screening for Down’s 
syndrome. Br J Obstet Gynaecol 1993;100:430–5.



FEBRUARY JOGC FÉVRIER 2014  l  181

Determination of Gestational Age by Ultrasound

107.  Gardosi J, Francis A. Early pregnancy predictors of  preterm birth: 
the role of  a prolonged menstruation-conception interval. BJOG 
2000;107:228–37.

108.  Kallen K. Increased risk of  perinatal/neonatal death in infants who 
were smaller than expected at ultrasound fetometry in early pregnancy. 
Ultrasound Obstet Gynecol 2004;24:30–4.

109.  Nakling J, Backe B. Adverse obstetric outcome in fetuses that are smaller 
than expected at second trimester routine ultrasound examination. Acta 
Obstet Gynecol Scand 2002;81:846–51.

110.  Tunón K, Eik-Nes SH, Grøttum P. Fetal outcome when the ultrasound 
estimate of  the day of  delivery is more than 14 days later than the last 
menstrual period estimate. Ultrasound Obstet Gynecol 1999;14:17–22.

111.  Dietz PM, England LJ, Callaghan WM, Pearl M, Wier ML, Kharrazi M.  
A comparison of  LMP-based and ultrasound-based estimates of  
gestational age using linked California livebirth and prenatal screening 
records. Paediatr Perinat Epidemiol 2007;21(Suppl 2):62–71.

112.  Nguyen TH, Larsen T, Engholm G, Moller H. Increased adverse 
pregnancy outcomes with unreliable last menstruation. Obstet Gynecol. 
2000;95:867–73.

113.  Smith GC, Smith MF, McNay MB, Fleming JE. First-trimester growth and 
the risk of  low birth weight. N Engl J Med 1998;339:1817–22.

114.  Lynch CD, Zhang J. The research implications of  the selection of  
a gestational age estimation method. Paediatr Perinat Epidemiol 
2007;21(Suppl 2):86–96.

115.  Crowther CA, Kornman L, O’Callaghan S, George K, Furness M, 
Willson K. Is an ultrasound assessment of  gestational age at the first 
antenatal visit of  value? A randomised clinical trial. Br J Obstet Gynaecol 
1999;106:1273–9.

116.  Bennett KA, Crane JM, O’Shea P, Lacelle J, Hutchens D, Copel JA. First 
trimester ultrasound screening is effective in reducing postterm labor 
induction rates: a randomized controlled trial. Am. J Obstet Gynecol 
2004;190:1077–81.

117.  Harrington DJ, MacKenzie IZ, Thompson K, Fleminger M, Greenwood 
C. Does a first trimester dating scan using crown rump length 
measurement reduce the rate of  induction of  labour for prolonged 
pregnancy? An uncompleted randomised controlled trial of  463 women. 
BJOG 2006;113:171–6. 

118. Woolf  SH, Battista RN, Angerson GM, Logan AG, Eel W. Canadian  
Task Force on Preventive Health Care. New grades for recommendations 
from the Canadian Task Force on Preventive Health Care. CMAJ 
2003;169:207–8.


