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Objectives To validate recent guidance changes by
establishing the performance of cut-off values for
embryo crown-rump length and mean gestational sac
diameter to diagnose miscarriage with high levels of
certainty. Secondary aims were to examine the
influence of gestational age on interpretation of mean
gestational sac diameter and crown-rump length
values, determine the optimal intervals between
scans and findings on repeat scans that definitively
diagnose pregnancy failure.)
Design Prospective multicentre observational trial.
Setting Seven hospital based early pregnancy
assessment units in the United Kingdom.
Participants 2845 women with intrauterine
pregnancies of unknown viability included if
transvaginal ultrasonography showed an intrauterine
pregnancy of uncertain viability. In three hospitals
this was initially defined as an empty gestational sac
<20 mm mean diameter with or without a visible yolk
sac but no embryo, or an embryo with crown-rump
length <6 mm with no heartbeat. Following amended
guidance in December 2011 this definition changed
to a gestational sac size <25 mm or embryo
crown-rump length <7 mm. At one unit the definition
was extended throughout to include a mean
gestational sac diameter <30 mm or embryo
crown-rump length <8 mm.
Main outcome measures Mean gestational sac
diameter, crown-rump length, and presence or
absence of embryo heart activity at initial and repeat
transvaginal ultrasonography around 7-14 days later.
The final outcome was pregnancy viability at 11-14
weeks’ gestation.
Results The following indicated a miscarriage at initial
scan: mean gestational sac diameter ≥25 mm with
an empty sac (364/364 specificity: 100%, 95%
confidence interval 99.0% to 100%), embryo with
crown-rump length ≥7 mm without visible embryo
heart activity (110/110 specificity: 100%, 96.7% to
100%), mean gestational sac diameter ≥18 mm for
gestational sacs without an embryo presenting after
70 days’ gestation (907/907 specificity: 100%, 99.6%
to 100%), embryo with crown-rump length ≥3 mm
without visible heart activity presenting after 70 days’
gestation (87/87 specificity: 100%, 95.8% to 100%).
The following were indicative of miscarriage at a
repeat scan: initial scan and repeat scan after seven
days or more showing an embryo without visible heart
activity (103/103 specificity: 100%, 96.5% to 100%),
pregnancies without an embryo and mean gestational
sac diameter <12 mm where the mean diameter has
not doubled after 14 days or more (478/478
specificity: 100%, 99.2% to 100%), pregnancies
without an embryo and mean gestational sac
diameter ≥12 mm showing no embryo heartbeat after

seven days or more (150/150 specificity: 100%, 97.6%
to 100%).
Conclusions Recently changed cut-off values of
gestational sac and embryo size defining miscarriage
are appropriate and not too conservative but do not
take into account gestational age. Guidance on timing
between scans and expected findings on repeat scans
are still too liberal. Protocols for miscarriage
diagnosis should be reviewed to account for this
evidence to avoid misdiagnosis and the risk of
terminating viable pregnancies.
Introduction
Bleeding or pain is the most common reason women
seek medical advice in early pregnancy. It is
axiomatic that diagnostic criteria for miscarriage
should be watertight, as one decision women might
expect clinicians to have complete certainty about is
the viability of their pregnancy. Until relatively
recently the American College of Radiology guidance
to define miscarriage used a mean gestational sac
diameter of ≥16 mm for an empty gestational sac or
visualisation of an embryowith a crown-rump length
of ≥5 mm and no heartbeat.1 In contrast, the Royal
College of Obstetricians and Gynaecologists used a
mean gestational sac diameter of ≥20 mm or an
embryo with a crown-rump length of ≥6 mm and no
heartbeat.2 For measurements below these cut-off
values a repeat ultrasound scan after seven or more
days was recommended.
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In October 2011 a series of papers provided evidence
that these guidelines were unsafe. A systematic
review concluded they were based on inadequate
information.3 One study4 found significant
interobserver and intra-observer variability for
measurements of mean gestational sac diameter and
crown-rump length. A prospective multicentre
observational study showing the false positive rate
for miscarriage using cut-off values for mean
gestational sac diameter and crown-rump lengthwas
unacceptably high (false positive rate for mean sac
diameter ≥16 mm: 4.4%, 95% confidence interval
8.4% to 2.2%, and for embryo crown-rump length ≥5
mm and no heartbeat: 8.3%, 25.8% to 2.3%).5 6

However, these results hadwide confidence intervals,
gestational age was not considered, and the study
didnot address theultrasound findings expected and
optimal timing of repeat ultrasound scans to avoid
misdiagnosis.

Following these publications, the Royal College of
Obstetricians and Gynaecologists immediately
changed its guidance to one based on an empty
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gestational sac of mean gestational sac diameter ≥25 mm or embryo
with a crown-rump length ≥7 mm and no heartbeat.7 In December
2012 the UK National Institute for Health and Care Excellence
adopted the recommendations of theRoyal College ofObstetricians
and Gynaecologists.8 The American College of Radiology guidance
thenalso changed in 2013 andadopted the same criteria as theRoyal
College of Obstetricians and Gynaecologists to define miscarriage.9
As part of its guideline, NICE stated that for empty gestational sacs
and embryos below the cut-off values, if the sac was empty or no
embryo heartbeat was visible on an ultrasound scan after 7-10 days,
these were definitive criteria for miscarriage. NICE reported no
consensus on timing and frequency of repeat ultrasound scans for
initially inconclusive scans and identified this as a researchpriority.8
Later in 2013 a review in the New England Journal of Medicine based
on a consensus meeting of the US Society of Radiologists in
Ultrasound highlighted the risks of incorrectly diagnosing early
pregnancy failure and recommended criteria to diagnose
miscarriage.10 This narrative review stated that the absence of an
embryo with a heartbeat ≥14 days after a scan showing an empty
gestational sac or absence of an embryo heartbeat ≥11 days after a
scan showing a gestational sac and yolk sac were both categorically
amiscarriage. These further recommendationswerebasedonexpert
opinion but were not evidence based.

We validated andupdated recent guidance changes by establishing
the performance of cut-off values for crown-rump length and mean
gestational sac diameter to diagnose miscarriage with narrow
confidence intervals for specificity. We also examined the influence
of gestational age on interpretation of values for mean gestational
sac diameter and crown-rump length, to determine the optimal
intervals betweenultrasoundscansand to identify findings expected
on repeat ultrasound examinations that definitively diagnose
pregnancy failure.

Methods
Thiswasaprospectivemulticentre observational study.We recruited
women from early pregnancy assessment units in seven hospitals:
four university hospitals in London (St George’s, Queen Charlottes
and Chelsea, St Thomas’, and St Mary’s), one university hospital
outside London (Princess Anne, Southampton), and two London
general hospitals with university affiliations (Chelsea and
Westminster andNorthwickPark).Datawere collected in twowaves.
Firstly, women were recruited consecutively between September
2010 and March 2011 at St George’s, Queen Charlottes and Chelsea,
and Chelsea and Westminster. Results from these data were
published previously.56 In the second wave, women were recruited
consecutively between August 2011 and May 2013 at all hospitals
except St George’s. Experienced nurse practitioners,
ultrasonographers, and doctors with an interest in the use of
ultrasound in early pregnancy carried out the scans in the study.

Women attended because of vaginal bleeding or pain, or both,
hyperemesis, and for reassurance after a previous miscarriage or
ectopic pregnancy. They were included if transvaginal
ultrasonography revealed a singleton intrauterine pregnancy of
uncertain viability. In three hospitals this was initially defined
according to Royal College of Obstetricians and Gynaecologists
guidance at that time,2 as an empty gestational sac <20 mm mean
diameter with or without a visible yolk sac but no embryo, or an
embryo with a crown-rump length <6 mm with no heartbeat.
Followingamendedguidance fromtheRoyalCollegeofObstetricians
and Gynaecologists in December 201110 this definition changed to
a gestational sac size <25 mm or an embryo with a crown-rump
length <7 mm. At Queen Charlottes and Chelsea hospital the
definition was extended throughout to include mean gestational

sac diameters <30 mm or embryo crown-rump lengths <8 mm. To
establish immediate viability, the women were asked to return for
ultrasonography 7-14 days later. For intervals between scans we
excluded women who returned for a second scan less than two days
or more than 30 days later. In the event that a pregnancy was
diagnosed as a miscarriage, management was according to the
existing protocols in the individual units, which was either surgery,
medical, or expectant. In general a second operator checked a
diagnosis of miscarriage, and after guidance changes in December
20128 this practice was introduced formally in all units.

For clarity the immediate outcome was the outcome that was used
to establish if a pregnancy was viable and to clinically manage the
patients. The final outcome and reference standard for the study
was viability at 11-14 weeks to establish whether pregnancies of
uncertain viability that were shown to be viable on repeat scans
subsequentlywent on to fail in any event.We excludedwomenwho
were clinically unstable, required intervention, or underwent
termination of pregnancy. Further follow-up visits were scheduled
according to the clinical situation.

Demographic variables recorded included the indication for
scanning, maternal age, ethnicity, and gestational age at first scan
(calculated from last menstrual period or embryo transfer date after
infertility treatment). To calculate gestational age we asked the
women if they were certain of the date of the first day of their last
menstrual period. We set a minimum plausible gestational age of
14 days and maximum of 84 days. Gestational ages outside this
range were treated as missing.

We measured gestational sac diameters from the inner borders in
three orthogonal planes and calculated the mean diameter (see
supplementary figure). The presence of a yolk sacwas documented.
Embryo crown-rump length was recorded, and the presence or
absence of a heartbeat. We measured the crown-rump length to the
nearest millimitre, placing calipers at the outer side of the embryo’s
crown and rump (greatest length).

Allwomenunderwent transvaginal ultrasonographyusingVoluson
E8 (GE Medical System, Zipf, Austria), Accuvix XG (Samsung
Medison,Korea), or SSD5000 (Aloka, Japan)machines.Allmachines
used in the study to make a final diagnosis were less than five years
old and subject to standard regular maintenance.

The study was registered as a clinical audit of the performance of
cut-off values to diagnose miscarriage (audit registration number
1149); the project was considered by the national research ethics
service in Londonand they advised that ethical reviewby aNational
Health Service research ethics committee was not required.

Patient involvement
There was no patient involvement in this study.

Statistical analysis
The data were used to validate existing guidelines and to suggest
new or updated guidelines. Because we aimed to define criteria that
definitively diagnose pregnancy failure rather than to determine
diagnostic accuracy, the main statistics for this study were
sensitivity, specificity, and positive predictive values. We defined
sensitivity as the percentage of non-viable pregnancies that met
the cut-off or criterion, specificity as the percentage of viable
pregnancies that did not meet the cut-off or criterion, and positive
predictive value as thepercentage of non-viable pregnancies among
all pregnancies that met the cut-off or criterion. We used Jeffreys
method to compute 95% confidence intervals.11 To suggest
guidelines that depend on gestational age or that focus on the
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appropriate interval between scans to exclude viability, we mainly
relied on scatter plots. Four authors (JP, TB, DT, and BVC) carried
out expert interpretation of the results to decide on all new or
updated guidelines.

For missing data we did not replace missing values but performed
each analysis with available cases. After internal investigation we
strongly believe that missing data on gestational age, mean
gestational sac diameter, crown-rump length, second scan, and
interval between scans did not differ systematically from women
with complete data,whichwould imply that the omission ofwomen
with missing data would not bias results. The only exceptions were
cases lost to follow-up (see supplementary file for details of these
pregnancies).

Results
Overall, 3192 pregnancieswere enrolled in the study. The 11-14week
outcome was unknown in 337 (10.6%) because of loss to follow-up,

pregnancy termination, or the 11-14 week scan was scheduled after
data collection closed. Of the remaining 2855 pregnancies, the
category of intrauterine pregnancy of uncertain viability could not
be determined in 10 women owing to incomplete data, leaving 2845
pregnancies (89.1%) for the evaluation of first scan data (table 1).
Information on repeat scans was lacking in 94 pregnancies (mainly
due to a logistical problem at St George’s hospital), and repeat scan
classification (miscarriage, empty sac, gestational sac+yolk sac,
embryo without heartbeat, embryo with heartbeat) was unclear in
two, leaving 2749 pregnancies (86.1%) with information on 11-14
week viability, pregnancy type, and repeat scan classification.
Finally, intervals between scans were unknown in 125 pregnancies
(117 were women at Queen Charlottes and Chelsea hospital who
had miscarried by follow-up scan and hence would not be used for
repeat scan analysis anyway) and 66 had an interval outside the
1-30 day range, leaving 2558 pregnancies (80.1%) to evaluate the
interval between scans (fig 1).

Table 1 | Data summary by centre and diagnostic group at initial scan. Values are numbers (percentages) unless stated otherwise

Viable at 11-14 weeksEmbryo presentGestational sacs with a yolk
sac

Empty gestational sacNo of womenHospitals

285 (36)228 (29)320 (40)243 (31)791Queen Charlottes

326 (47)149 (21)365 (53)181 (26)695St Thomas’s

223 (49)36 (8)156 (34)265 (58)457St George’s

174 (48)83 (23)146 (40)137 (37)366St Mary’s

138 (49)84 (30)132 (47)67 (24)283Chelsea and Westminster

64 (47)26 (19)54 (40)55 (41)135Northwick Park

55 (47)43 (36)59 (50)16 (14)118Princess Anne

1265 (44)649 (23)1232 (43)964 (34)2845All data
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Fig 1 | Fig 1 Flow chart showing number of different types of miscarriage at both initial and follow-up scans, as well as exclusions

First scan results

Descriptive statistics
Women with pregnancies where the final outcome was non-viable
presented at later gestations with higher mean gestational sac
diameter and crown-rump lengths (if an embryo was visualised)
than women with pregnancies that were subsequently viable (see
supplementary table S1). Women with pregnancies of uncertain
viability with an embryo presented at later gestations and with
highermeangestational sac diameters thanothers. Gestational age
basedon lastmenstrual periodwasmissing in 525/2845pregnancies
(18.5%), and this did not differ by diagnostic group (fig 1).

Mean gestational sac diameter cut-off values
Overall, 49/947 (5.2%) pregnancies with an empty gestational sac
had a mean sac diameter of ≥20 mm: 47 of the 583 (8.1%) non-viable

pregnancies and two of the 364 (0.5%) viable pregnancies (table 2
and see supplementary fig S1). Twelve of 583 (2.1%) non-viable
pregnancies had a mean gestational sac diameter of ≥25 mm,
whereas the maximum mean sac diameter for pregnancies with an
empty gestational sac with a viable outcome was 20.3 mm. The
performance of mean gestational sac diameter cut-off values for
gestational sacs with a visible yolk sac but no embryo was similar
to pregnancies with an empty gestational sac only (see
supplementary table S2 and fig S2). Themaindifferencewas slightly
higher mean gestational sac diameter values—5/764 (0.7%) viable
pregnancies had a mean gestational sac diameter of ≥20 mm and
1/764 (0.1%) a mean gestational sac diameter of ≥25 mm. The
maximum mean gestational sac diameter for a viable pregnancy
that presented with a visible yolk sac but without an embryo was
25.7 mm.
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Table 2 | Diagnostic performance of measurements of mean gestational sac diameter to predict miscarriage in pregnancies with an empty gestational
sac. Sensitivity is based on 583 non-viable pregnancies, specificity on 364 viable pregnancies

Positive predictive
value‡ (%)

Specificity† (n=364)Sensitivity* (n=583)Mean sac diameter
cut-off (mm) % (95% CI)No of women% (95% CI)No of women

7369.8 (64.9 to 74.3)25451.1 (47.1 to 55.2)2988

7982.7 (78.5 to 86.2)30140.0 (36.1 to 44.0)23310

8389.8 (86.3 to 2.5)32731.0 (27.4 to 34.9)18112

8894.8 (92.0 to 96.6)34524.0 (20.7 to 27.6)14014

9096.7 (94.3 to 98.1)35217.7 (14.8 to 21.0)10316

9598.9 (97.2 to 99.6)36012.0 (9.6 to 14.9)7018

9699.5 (98.0 to 99.9)3628.1 (6.1 to 10.6)4720

100100 (99.0 to 100)3646.5 (4.8 to 8.8)3821

100100 (99.0 to 100)3645.0 (3.5 to 7.1)2922

100100 (99.0 to 100)3643.4 (2.2 to 5.2)2023

100100 (99.0 to 100)3642.1 (1.2 to 3.6)1224

100100 (99.0 to 100)3642.1 (1.2 to 3.6)1225

100100 (99.0 to 100)3641.5 (0.8 to 2.9)926

100100 (99.0 to 100)3641.0 (0.5 to 2.2)627

100100 (99.0 to 100)3640.7 (0.3 to 1.8)428

100100 (99.0 to 100)3640.3 (0.1 to 1.2)229

100100 (99.0 to 100)3640.2 (0.03 to 1.0)130

*Percentage of
non-viable pregnancies
that met (≥) cut-off.

†Percentage of viable
pregnancies that did not
meet (<) cut-off.

‡Percentage of
non-viable pregnancies
among all pregnancies
that met cut-off.

Crown-rump length cut-off values
Overall, 121/637 (19.0%) pregnancies with an embryo on initial scan
hada crown-rump length of ≥5mm: 117 of the 527 (22.2%)non-viable
pregnancies and fourof the 110 (3.6%)viablepregnancies. Seventeen

of 527 (3.2%) non-viable pregnancies had a crown-rump length of
≥7 mm, whereas the maximum crown-rump length for pregnancies
that ended as viable was 6.0 mm (table 3 and see supplementary
fig S3).
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Table 3 | Diagnostic performance of crown-rump length to predict miscarriage in pregnancies where embryo with no heart activity has been visualised.
Sensitivity is based on 527 non-viable pregnancies; specificity on 110 viable pregnancies

Positive predictive
value‡ (%)

Specificity† (n=110)Sensitivity* (n=527)Crown-rump cut-off
(mm) % (95% CI)No of women% (95% CI)No of women

9478.2 (69.6 to 84.9)8672.1 (68.1 to 75.8)3803.0

9586.4 (78.7 to 91.6)9558.4 (54.2 to 62.6)3083.5

9690.0 (83.0 to 94.3)9945.0 (40.8 to 49.2)2374.0

9794.5 (88.6 to 97.5)10432.6 (28.8 to 36.8)1724.5

9796.4 (91.0 to 98.6)10622.2 (18.9 to 25.9)1175.0

9697.3 (92.3 to 99.1)10715.2 (12.4 to 18.5)805.5

9899.1 (95.0 to 99.8)10910.6 (8.3 to 13.6)566.0

100100 (96.6 to 100)1107.2 (5.3 to 9.7)386.2

100100 (96.6 to 100)1106.1 (4.3 to 8.5)326.4

100100 (96.6 to 100)1104.9 (3.4 to 7.1)266.6

100100 (96.6 to 100)1104.2 (2.8 to 6.2)226.8

100100 (96.6 to 100)1103.2 (2.0 to 5.1)177.0

100100 (96.6 to 100)1101.7 (0.9 to 3.2)97.2

100100 (96.6 to 100)1101.5 (0.8 to 3.0)87.4

100100 (96.6 to 100)1100.9 (0.4 to 2.2)57.6

100100 (96.6 to 100)1100.9 (0.4 to 2.2)57.8

100100 (96.6 to 100)1100.8 (0.3 to 1.9)48.0

*Percentage of
non-viable pregnancies
that met (≥) cut-off.

†Percentage of viable
pregnancies that did not
meet (<) cut-off.

‡Percentage of
non-viable pregnancies
among all pregnancies
that met cut-off.

Gestational age
Viability was reduced when pregnancies of uncertain viability
presented at later gestations (fig 2). For pregnancies that ended as
viable, the mean gestational sac diameter or crown-rump length
measurements were lower as the gestational age at presentation
increased. In total, 260 of 2320 (11.2%) pregnancies of uncertain
viability with known gestational age presented at 70 days or more
gestation: 15 of the 1019 (1.5%) pregnancies that ended as viable
and 245 of the 1301 (18.8%) that ended as non-viable. Among these
260 pregnancies, 78 presented with an empty sac (six ended as
viable, with a maximum mean gestational sac diameter of 12.7 mm),
49 presented with a visible yolk sac without an embryo (eight ended

as viable, with a maximum mean gestational sac diameter of 12.3
mm), and 133 presented with an embryo (one ended as viable, with
a crown-rump lengthmeasurementof 1.6mm). Fifty twopregnancies
presented after 70 days or more gestation without an embryo and
with a mean gestational sac diameter of ≥18 mm, and all of these
were non-viable. A further 87 pregnancies presented with a visible
embryo with a crown-rump length of ≥3 mm, after 70 days or more
gestation, and all these were non-viable. For a detailed breakdown
of diagnostic performance see supplementary table S4 (mean
gestational sac diameter measurements) and table S5 (crown-rump
length measurements) in relation to gestational age to predict
miscarriage.
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Fig 2 | Fig 2 Scatter plots of gestational age and mean gestational sac diameter for pregnancies with an empty gestational sac (top) and of gestational age and crown-rump
length for pregnancies where an embryo was seen with no visible heart activity (bottom)
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Repeat scan results

Appearance of structures
Pregnancies presenting at earlier gestations had more favourable
outcomes on repeat scans. Median gestation at presentation was
around 40 days where heart activity was seen but more than 50
days if the pregnancy had miscarried according to repeat scan
findings (see supplementary table S3). Overall, the absence of an
embryo with heart activity on a repeat scan was indicative of a poor
final outcome, as only 5.8% were viable (42/729) compared with
86.9% when an embryo with a heartbeat was seen on a repeat scan
(1163/1339). The viability rate for empty gestational sacs that were
still empty on a repeat scanwas 4.3% (8/188) but increased to 26.9%
(18/67) if a yolk sac was seen and to 12.5% (6/48) for embryos with
no heartbeat. If a yolk sac was seen initially, 8.8% (5/57) of embryos
were viable when a yolk sac was the only structure seen on repeat
scan and 4.8% (4/84) if an embryo with no heartbeat was seen on
repeat scan. If an embryo without heart activity was seen on an
initial scan, the viability rate was 0% when there was still no
heartbeat visible on repeat scanning (0/184).

Interval between scans
Pregnancies with an empty gestational sac and mean sac diameter
of ≥9 mm and still of uncertain viability on repeat scanning never
ended as viable, irrespective of the timing of a repeat scan (fig 3).
One pregnancy with an empty gestational sac on initial scan that
was still empty on a repeat scan after 14 days ended as viable. The
mean gestational sac diameter on initial scan was 3.3 mm but
quadrupled in size over 14 days, to 14.1 mm. When a yolk sac was
seen on an initial scan, results were comparable to pregnancies
with an empty gestational sac (see supplementary fig S4). If the
initial mean gestational sac diameter was ≥11 mm and viability
remained uncertain on a repeat scan, the final outcome was never
viable. All pregnancies where there was uncertainty after 10 days
ormore ended as non-viable. Finally, for embryoswith noheartbeat
on an initial scan, these never ended viable if the repeat scan
showed no heartbeat (fig 4). For more details on diagnostic
performance in relation to the interval between scans see
supplementary tables S6 and S7.
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Fig 3 | Fig 3 Scatter plots of initial mean gestational sac diameters and intervals between scans for pregnancies with empty gestational sacs on initial scan but still intrauterine
pregnancies of unknown viability on repeat scanning. Data are stratified by repeat scan outcome. (Top) Non-viable pregnancies at 11-14 weeks’ outcome. (Bottom) Viable
pregnancies at 11-14 weeks’ outcome
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Fig 4 | Fig 4 Scatter plot of initial crown-rump length and intervals between scans for pregnancies with an embryo visualised on initial scan but still intrauterine pregnancies
of unknown viability on repeat scanning. Data are stratified by repeat scan outcome. There were no viable pregnancies in this group

Mean gestational sac diameter growth
Where no embryo was seen on initial scan and viability was still
uncertain on repeat scanning sevendays later, all pregnancieswere
non-viable if the mean gestational sac diameter increased by less
than 50% (0/64) (see supplementary fig S5). Following a repeat scan
after 14 days, 1/72 pregnancies still of uncertain viability was viable
(the pregnancy where the mean gestational sac diameter
quadrupled). The mean gestational sac diameter did not double in
43/72 (60%) cases. Supplementary table S8 shows the diagnostic
performance in the absence of embryonic heart activity of mean
gestational sac diameter growth in relation to the initial mean sac
diameter and the interval between scans to predict miscarriage in
pregnancies without an embryo (with or without a yolk sac).

Evaluation of current guidelines
We evaluated selected current guidelines for miscarriage and those
suggestedbyDoubilet et al9 (table 4). Diagnostic criteria usingmean
gestational sac diameter measurements of ≥25 mm for empty
gestational sacs or crown-rump lengths ≥7mm for embryoswithout
heart activity were reliable. For repeat scans, for embryos with a
crown-rump length <7 mm and no heartbeat on initial scan, no
visible heartbeat after sevendays is reliable evidence ofmiscarriage.
Guidance relating to time between scans is not robust and may be
associated with false positive diagnoses. No guidance considers the
presence of embryonic structures on repeat scans. Based on our
data we have proposed reliable diagnostic criteria for miscarriage
(table 5).
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Table 4 | Evaluation of current guidelines using data from study

Specificity (%, 95% CI)Positive predictive value (%, 95% CI)Criteria proposed to definitively diagnose
miscarriage

Source of guidance

Initial scan criteria:

364/364 (100, 99.0 to 100)12/12 (100, 73.5 to 100)Presenting without an embryo or yolk sac, and
mean gestational sac diameter ≥25 mm

ACR, NICE, RCOG, RANZCOG, SRU (Doubilet
et al)

110/110 (100, 96.7 to 100)17/17 (100, 80.5 to 100)Presenting with an embryo without heart
activity, and crown-rump length ≥7 mm

ACR, NICE, RCOG, RANZCOG, SRU (Doubilet
et al)

Repeat scan criteria:

1074/1093 (98.3, 97.4 to 98.9)530/549 (96.5, 94.8 to 97.8)Presenting as an empty gestational sac with
mean sac diameter <25 mm or with embryo
(no heart activity) with crown-rump length <7
mm, and returning after at least seven days:
no definitive diagnosis (that is, no embryo heart
activity visible)

NICE

86/88 (97.7, 92.9 to 99.5)75/77 (97.4, 91.9 to 99.5)Presenting as an empty gestational sac, and
gestational sac still empty 7-10 days later

ACR

103/103 (100, 96.5 to 100)140/140 (100, 97.4 to 100)Presenting with an embryo (no heart activity)
with crown-rump length <7 mm, and still no
embryo heart activity visible after at least seven
days

NICE

Not applicableIn event of doubt repeat scan in at least one
week

RCOG

180/181 (99.5, 97.5 to 99.9)71/72 (98.6, 93.7 to 99.9)Presenting with an empty gestational sac, and
no embryo heart activity visible after at least
14 days

SRU (Doubilet et al)

537/537 (100, 99.3 to 100)85/85 (100, 95.8 to 100)Presenting with a gestational sac and yolk sac,
and no embryo heart activity visible after at
least 11 days

SRU (Doubilet et al)

ACR=American College of Radiology;
RCOG=Royal College of Obstetricians and
Gynaecologists; NICE=National Institute for
Health and Care Excellence; RANZCOG=Royal
Australia and New Zealand College of
Obstetricians and Gynaecologists; SRU=Society
of Radiologists in Ultrasound.

Modified Jeffreys method used for confidence
intervals when percentages equalled 100% (or
0%). Standard Jeffreys methods used
otherwise.
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Table 5 | Proposals for diagnostic criteria for miscarriage based on this study

Specificity (%, 95% CI)Positive predictive value (%, 95% CI)Our recommendations to definitively diagnose miscarriage

Agreement with current criteria:

364/364 (100, 99.0 to 100)12/12 (100, 73.5 to 100)Presenting with no visible embryo or yolk sac, and mean
gestational sac diameter ≥25 mm

110/110 (100, 96.7 to 100)17/17 (100, 80.5 to 100)Presenting with an embryo with no heart activity, and
crown-rump length ≥7 mm

Suggested additional new criteria

Initial scan criteria:

87/87 (100, 95.8 to 100)102/102 (100, 96.4 to 100)Presenting with an embryo with crown-rump length ≥3 mm,
and gestational age ≥70 days

907/907 (100, 99.6 to 100)52/52 (100, 93.2 to 100)Presenting with no visible embryo: mean gestational sac
diameter ≥18 mm and gestational age ≥70 days (10 weeks)
from date of known last menstrual period

Repeat scan criteria:

150/150 (100, 97.6 to 100)130/130 (100, 97.2 to 100)Presenting with no visible embryo (with or without visible yolk
sac) with mean gestational sac diameter ≥12mm and returning
after at least seven days: no embryo with embryo heart activity
visible

478/478 (100, 99.2 to 100)41/41 (100, 91.4 to 100)Presenting without an embryo (with or without visible yolk
sac) with mean gestational sac diameter <12 mm and returning
after at least 14 days: no embryo heart activity and mean
gestational sac diameter has not doubled

103/103 (100, 96.5 to 100)191/191 (100, 98.1 to 100)Presenting with an embryo (irrespective of crown-rump length)
without heart activity, and still no heart activity visible after at
least seven days

Modified Jeffreys method used for confidence intervals when
percentages equalled 100% (or 0%). Standard Jeffreys methods
used otherwise.

Discussion
Wehave confirmed that previous cut-off values formeangestational
sac diameter of ≥16 mm and ≥20 mm were not clinically safe and
were associated with possible false positive diagnoses of
miscarriage. Previous criteria using crown-rump length
measurements ≥5 mm also carried considerable risk. Our results
show that the revised cut-off values recommended by the Royal
College of Obstetricians and Gynaecologists, National Institute for
Health and Care Excellence, and American College of Radiology for
mean gestational sac diameter and crown-rump length to diagnose
miscarriage are associated with 100% specificity. We can state this
with relatively narrow confidence intervals. Our data suggest that
although gestational age is a factor when interpreting ultrasound
findings, even with certain menstrual dates, viable pregnancies
occur with small gestational sacs and small embryos at relatively
late gestations.

Our findings suggest current guidance on repeat scanning in the
event of uncertainty shouldbe reviewed. The timingof second scans
to determine viability relates to gestational sac size at initial scan.
Hence if the mean gestational sac diameter is <10 mm, repeat
scanning should be performed more than 14 days later. This is
consistent with Doubilet et al10 but not with the American College
of Radiology which recommends repeat scanning in 7-10 days
without considering initial gestational sac size.9 Adhering to this
approach may be associated with misdiagnosis. Once an embryo is
identified, interpretation is more straightforward. We found no
pregnancies with an initial crown-rump length measurement of <7
mm and no heartbeat both initially and on a repeat scan that were
viable at 11-14 weeks irrespective of the interval between scans. In
these circumstances repeating scans after seven days would seem
safe practice.

An important omission fromall guidance relates towhat examiners
should expect on ultrasound scans repeated at an interval. Our data
support the assertion by Doubilet et al10 that once a yolk sac is
visualised, if there is no embryo with a heartbeat after 11 days the
pregnancy is not viable. For initially empty sacs, if a yolk sac (with
no embryo) is visualised on repeat scan the likelihood of viability
is substantially increased. Accordingly, scans should be repeated
in these circumstances. We found it possible to initially have an
empty gestational sac and on repeat scan visualise an embryo of
crown-rump length <7 mm with no heartbeat, resulting in a viable
pregnancy at 11-14 weeks. The requirement to repeat scans will
inevitably leave women in a state of uncertainty that may be
distressing. Evidence shows that giving women information about
the likely outcome can manage expectations and reduce anxiety,12
and scoring systems and models now exist that give an accurate
prediction regarding the likelihood of miscarriage.13

Strengths and weaknesses of this study
A strength of our study is that it is prospective and large enough to
define cut-off values for mean gestational sac diameter and
crown-rump lengthwith narrowconfidence intervals for specificity.
The multicentre design means results should have general
applicability. A further strength is the inclusion of information on
gestational age and appearance of structures on repeat scans,
although 20% of women could not recall the date of their last
menstrual period.

The endpoint and reference standard for our study was viability at
11-14 weeks. This is important as false positive diagnoses of
miscarriage in this study involve pregnancies that if managed
surgically or medically would terminate pregnancies that would be
unlikely to miscarry.14
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This analysis contains the 1060 patients from the study by Abdallah
et al.5 The current study extends patient numbers by 1865, enabling
us to calculate cut-off performance with greater confidence. This
paper describes the largest prospective study examining criteria to
diagnose miscarriage, and recruiting more numbers would not
substantially improve knowledge of test performance in relation to
mean gestational sac diameter and crown-rump length cut-off
values.Notwithstanding the largenumbers, aweakness of the study
is that around certain decision boundaries, numbers are too small
to be definitive. It is clear that there is a relation between the size
of a pregnancy on initial scan, time required between scans, and
viability on a later scan. We have drawn what we believe are
reasonable conclusions about these problems, but it is important
to remember that there are few data points in some areas. We did
not impute missing data but analysed the available data for every
research question because we believe that missing data in this trial
is unsystematicwith respect to the investigated relations. In general,
because the cut-offs investigated lead to near perfect specificity to
avoid harm to viable pregnancies, we also believed that it was most
appropriate to analyse observed data. Around 10% of women were
lost to follow-up. Most of these booked for delivery and had their
11-14 weeks scans carried out elsewhere and we could not trace
them. These women had a yolk sac without an embryo visualised
more often on the first scan than did those women with complete
follow-up, thismay suggest thatwomen lost to follow-upweremore
likely to have a viable pregnancy at 11-14 weeks (see supplementary
file for more detailed information about these pregnancies).

Other studies have also illustrated problems associated with
previous guidance. In a retrospective study, Rowling et al15 reported
8% of pregnancies found with an empty gestational sac of 16 mm
mean diameter were subsequently found to be viable. A further
important problem relates to quality of scanning. For this study we
didnot introduce additional quality controlmeasures beyondwhat
was routine within the units, which included regular case review
meetings, supervision by consultants, and follow-up of outcomes.
For the study we carefully reviewed scans around the decision
boundaries andcarriedoutdata cleaningandchecking.Accordingly
webelieve the trialwas pragmatic and the results reflect real clinical
practice, where several factors including equipment and training
can impact on the interpretation of ultrasound findings. Particular
care must be taken when the uterus is distorted by fibroids or a
congenital abnormality. For these reasons we feel the advice given
by NICE that when ultrasound findings indicate a miscarriage, the
findings should be checked by a second examiner is a sensible
safeguard.8 Finallywehave limited informationon the small number
of women who reached up to 70 days amenorrhea yet still had a
pregnancy of unknown viability. In these cases the timing of the
11-14 week scan was pushed later and the pregnancies formally
redated at the time of that scan in line with national policy in the
United Kingdom.

Misdiagnosis of miscarriage is not a theoretical problem. Sensitive
homepregnancy tests informwomen theyarepregnant before their
missed period.16 The potential impact of this was illustrated by
Bottomley et al,17 who showed that the likelihood of a scan showing
an intrauterine pregnancy of uncertain viability was 26% at 28-34
days’ gestation, 60%at 35-41 days, and 29%at 42-48 days. It is likely
that if women attend for an ultrasound scan soon after a positive
pregnancy test result, a viable pregnancy will not be confirmed,
leavingpotential for errors aboutpossiblemiscarriage. Thispotential
is compounded by the fact that diagnosing miscarriage with
certainty is problematic as it is reliant on negative findings—that
is, the absence of a structure or a heartbeat. For women who are
found to have gestational sac or embryo measurements below or

around the cut-off values that we have shown define miscarriage,
a definitive diagnosis ofmiscarriagewill only bemadeafter a second
scan has been carried out at an interval. In a recent publication, Hu
et al18 found that 126 of 1013 early pregnancies threatening to
miscarry (12%) fell into the more conservative zones defined by the
size criteriawehaveproposed for a single scan to definemiscarriage
than would have been the case had previous US guidance been
used (crown-rump length, previously 5 mm now 7 mm; mean sac
diameter, previously 16mmnow25mm).Before changes inguidance
someof these 126pregnancieswouldhavebeenat risk of inadvertent
termination. The downside now is that these women will undergo
a second scan before a diagnosis is made. This does not mean that
all women will require a second scan to make a diagnosis, as many
will attend for assessment where the embryo or gestational sac size
will be considerably above the decision boundaries used and so
allow a definitive diagnosis on the basis of a single visit.

Implications for clinical practice
The data presented in this paper offer robust evidence that recent
changes in guidance in relation to cut-off values for mean
gestational sac diameter and crown-rump length are not too
conservative.Wehave also shown that aspects of guidance tomake
a diagnosis of miscarriage currently provided by national bodies
may be associated with misdiagnosis of miscarriage in some cases.
This applies to the presence or absence of embryonic structures that
on repeat ultrasound scans are associatedwithmiscarriage and the
interval that should be used before making a definitive diagnosis
of miscarriage. We have proposed criteria for miscarriage based on
our data in table 4, and in table 5 we describe the performance of
currently usedguidancewhenapplied to our data to illustratewhere
there are limitations.

What is already known on this topic
• Mean gestational sac diameter (MSD) and crown-rump length (CRL)

are used to diagnose miscarriage
• Cut-off values changed in 2011, yet data supporting this change had

wide confidence intervals
• Currently, guidance is given for when to repeat scans in the event of

uncertain viability on an initial scan and what to find on such scans,
but this is not evidence based

• No advice exists on how to relate gestational age to the findings on
a scan and a possible diagnosis of miscarriage

What this study adds
• On an initial scan an empty gestational sac of mean diameter ≥25 mm

was 100% specific for miscarriage, as was an embryo with no heart
activity and a CRL ≥7 mm

• Beyond 70 days’ gestation, an MSD ≥18 mm with no embryo was 100%
specific for miscarriage as was an embryo with CRL ≥3 mm with no
heart activity

• For repeat scans, a pregnancy with an embryo with no heart activity
on initial scan and a repeat scan ≥7 days later was 100% specific for
miscarriage, as was a pregnancy with no embryo and an MSD <12 mm
if sac size had not doubled after ≥14 days, and pregnancies with no
embryo and MSD ≥12 mm with no embryo heart activity after ≥7 days
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