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Ultrasound Evaluation of First Trimester
Pregnancy Complications

Abstract

Objectives: First, to review normal embryonic development and the
sonographic evidence of early pregnancy failure; second, to review
sonographic evidence of ectopic pregnancy.

Outcomes: First, prediction of pregnancy failure; second,
sonographic identification of ectopic pregnancy.

Evidence: A MEDLINE search and review of bibliographies in
identified articles was conducted.

Values: The evidence was reviewed by the Diagnostic Imaging
Committee along with the principal authors. A quality of evidence
assessment was undertaken as outlined in the report of the
Canadian Task Force on the Periodic Health Examination (Table 1).

Benefits, Harms, and Costs: Women presenting with first trimester
bleeding may be incorrectly diagnosed with a missed abortion and
(or) may be inappropriately reassured about viability. Transvaginal
ultrasound provides improved resolution allowing description of
early embryonic development characteristics. Improvement in the
identification of the sonographic landmarks of normal embryonic
development and awareness of the sonographic risk factors of
pregnancy failure may lead to more successful management
strategies. Diagnosis of suspected ectopic pregnancy often
involves an assessment of both hormonal markers and

sonographic features. Maternal morbidity and mortality can be
reduced with an early diagnosis of ectopic pregnancy.

Recommendations: There is good (class A) evidence that current
ultrasound technology can distinguish between normal and
abnormal pregnancies in the first trimester. There is good (class A)
evidence that transvaginal ultrasound in conjunction with
quantitative-HCG can diagnose ectopic pregnancy.

J Obstet Gynaecol Can 2005;27(6):581–585

OBJECTIVES

1. To review normal embryonic development.

2. To identify sonographic features of early pregnancy failure.

3. To identify sonographic features of ectopic pregnancy.

THE EMBRYONIC PERIOD

The embryonic period lasts for 8 weeks after conception

or 10 weeks after the last menstrual period, although,

clinically, gestational age is assigned according to men-

strual dating. This is the period of organogenesis and the

time when most malformations arise.

The first sonographic evidence of pregnancy is the gesta-
tional sac within the thickened deciduas.1 This sac, which
represents the chorionic cavity, is a small anechoic fluid col-
lection surrounded by an echogenic ring that represents
trophoblasts and decidual reaction.2 With transvaginal
ultrasound, it is possible to identify the sac by 4 weeks and 3
days gestation when the mean diameter is 2 to 3 mm.1,3

The yolk sac is the first structure seen within the gestational
sac2 and, when seen, confirms an intrauterine pregnancy.
The yolk sac is seen by transvaginal ultrasound when the
mean gestational sac diameter is 5 to 6 mm and should
always be visualized when the mean gestational sac diameter
is greater than or equal to 8 mm.3

The amnion is a thin, rounded membrane surrounding the
embryo and is completely enveloped by the thick echogenic
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chorion. The yolk sac is situated between the amnion and
the chorion. The amnion is thin and difficult to visualize
and best seen when perpendicular to the ultrasound beam.
The amnion grows rapidly during pregnancy and fuses with
the chorion between 12 and 16 weeks of gestation.1,3

The embryo can be identified by transvaginal ultrasound
when as small as 1 to 2 mm in length. At 5 to 7 weeks, both
the embryo and gestational sac should grow 1 mm daily.1

Cardiac activity immediately adjacent to the yolk sac indi-
cates a live embryo but may not be seen until the embryo
measures 5 mm.3,4 From 5.5 to 6.5 weeks, an embryonic
heart rate of less than 100 beats per minute is normal. Dur-
ing the following 3 weeks, there is a rapid increase up to 180
beats per minute.5,6

Table 2 summarizes the features of normal early pregnancy.

EARLY PREGNANCY FAILURE

Early pregnancy failure may present with vaginal bleeding
and (or) abdominal pain. Differential diagnoses include
threatened, inevitable, and missed abortion. The latter can

be further subdivided into anembryonic pregnancy
(blighted ovum) or embryonic demise. Other differential
diagnoses include ectopic and molar pregnancy.

Sonographic diagnosis of embryonic demise can be made
when there is no cardiac activity in an embryo greater than 5
mm by transvaginal ultrasound or 9 mm by abdominal
ultrasound.7

Transvaginal sonographic diagnosis of a blighted ovum is
certain when the mean gestational sac diameter exceeds 8
mm without a yolk sac or when the mean gestational sac
diameter exceeds 16 mm without an embryo.
Transabdominally, a gestational sac greater than 20 mm
without a yolk sac or 25 mm without an embryo is diagnos-
tic of a blighted ovum.8

Given the possibility of measurement error, it is prudent to
allow an additional 1 to 2 mm in gestational sac measure-
ment before considering intervention.9 If the gestational sac
is smaller than expected, the possibility of incorrect dates
should always be considered, especially when there is no
pain or bleeding. Under these circumstances, a repeat
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Table 2. Chronological landmarks in the development of the embryo, as seen on transvaginal
ultrasound examination

5 + 0 weeks Empty gestational sac (mean diameter 10 mm)

5 + 4 weeks Gestational sac with yolk sac visible

6 + 0 weeks Gestational sac (mean diameter 16 mm) and yolk sac with adjacent heart beat but small embryo (3mm)

8 + 0 weeks Embryo with crown/rump length of 16 mm with separate amniotic sac and celomic cavity with yolk sac.
Fetal body movements visible, heart rate 175 bpm.

Table 1. Criteria for quality of evidence assessment and classification of recommendations

Level of evidence* Classification of recommendations†

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

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

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

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

III: Opinions of respected authorities, based on clinical exper-
ience, descriptive studies, or reports of expert committees.

A. There is good evidence to support the recommendation for
use of a diagnostic test, treatment, or intervention.

B. There is fair evidence to support the recommendation for
use of a diagnostic test, treatment, or intervention.

C. There is insufficient evidence to support the recommen-
dation for use of a diagnostic test, treatment, or inter-
vention.

D. There is fair evidence not to support the recommendation
for a diagnostic test, treatment, or intervention.

E. There is good evidence not to support the recommendation
for use of a diagnostic test, treatment, or intervention.

�The quality of evidence reported in these guidelines has been adapted from the Evaluation of Evidence criteria described in the Canadian Task

Force on the Periodic Health Exam.
37

†Recommendations included in these guidelines have been adapted from the Classification of Recommendations criteria described in the Canadian

Task Force on the Periodic Health Exam.
37



transvaginal scan should be arranged after a 1-week
interval.10

Figure 1 depicts the sonographic landmarks of early preg-
nancy failure.

SONOGRAPHIC FEATURES
OF EARLY PREGNANCY FAILURE

Certain sonographic features predict early pregnancy failure
including bradycardia (heart rate less than 85 beats per min-
ute) at greater than 7 weeks of gestation,6,11–13 a small sac
size relative to the embryo (difference of less than 5 mm
between gestational sac and crown/rump length),14

enlarged (� 5 to 6 mm) 15 or abnormally shaped (crenel-
lated) yolk sac,16 and subchorionic hematoma.17

Spontaneous loss rate in the presence of a subchorionic
hematoma is approximately 9%.18 This risk is increased in
women older than 35 and in pregnancy less than 8 weeks.19

CAUSES OF EARLY PREGNANCY FAILURE

Up to 70% of spontaneous abortions exhibit an abnormal
karyotype.20,21 Two-thirds will be autosomal trisomies,
while the remainder involves monosomy X, structural
rearrangements, and other aneuploidies. Only a small per-
cent of early losses related to aneuploidy are due to parental
balanced translocations or inversions. Therefore, most
women with failed pregnancies and abnormal karyotypes
will not have repetitive pregnancy failure.22

In the absence of a karyotypic abnormality, pregnancy fail-
ure can be associated with luteal phase defects, immunolog-
ical factors, infection, alcohol, smoking, or lethal genetic
abnormalities.

ECTOPIC PREGNANCY

The initial diagnostic test in women with suspected ectopic
pregnancy is measurement of the serum beta human chori-
onic gonadotropin (beta-hCG). A negative beta-hCG rules
out pregnancy, including ectopic.

Ultrasound that demonstrates an intrauterine pregnancy is
reassuring because heterotopic pregnancy occurs in only
1:7000 to 1:30 000 of spontaneously conceived pregnan-
cies.23 The suspicion of a heterotopic pregnancy should be
higher after assisted reproduction techniques because the
incidence in this circumstance is up to 1%.24,25 The diagno-
sis of an intrauterine pregnancy involves visualizing a gesta-
tional sac within the endometrial cavity showing an embryo
or yolk sac or demonstrating a double echogenic ring.26 An
intrauterine fluid collection without these characteristics
may be a pseudogestational sac. If an intrauterine pregnancy
is not demonstrated, the differential diagnosis includes
inaccurate dates, complete abortion, and ectopic pregnancy.
The sonographic appearance of an ectopic is varied. There
may be a simple adnexal cyst, complex adnexal mass, tubal
ring, free fluid in the adnexa-cul de sac, a live extrauterine
fetus, or an empty uterus with no other sonographic
findings.27,28

Ultrasound Evaluation of First Trimester Pregnancy Complications
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Figure 1. Clinical suspicion of early pregnancy failure
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With the clinical suspicion of ectopic, a normal scan or the
presence of a simple cyst carries a low probability of ectopic
(5%), while the probability is above 90% with a complex
adnexal mass or a tubal ring. A live extrauterine embryo is
diagnostic of an ectopic. Isolated free fluid in the pelvis is
rarely the only sonographic finding.28

Doppler waveforms from the peritrophoblast have been
shown to demonstrate low impedance flow, while colour
Doppler may demonstrate an ectopic as a sonographic ring.
Doppler does not add clinically useful information when
the sonographic features indicate a high or low likelihood of
ectopic but may provide important information when other
sonographic findings lead to a diagnostic dilemma. For
example, with a complex adnexal mass, the finding of low
impedance Doppler waveform or a ring on colour Doppler
may more strongly suggest an ectopic pregnancy.29

High-resolution ultrasound and the quantitative level of
serum beta-hCG are complementary. Most ectopic pregnan-
cies are associated with a disproportionately high level of
beta-hCG relative to the size of any intrauterine fluid collec-
tion. Failure to detect an intrauterine gestational sac when the
beta-hCG values exceed a discriminatory level indicates a
high risk of ectopic pregnancy. Most ultrasound laboratories
use beta-hCG levels between 1000 to 2000 mIU/ml as the
threshold above which an intrauterine gestational sac should
be visualized by vaginal ultrasound.30–32 With some ectopics,
the hCG will show an abnormally low rise, and in this cir-
cumstance, a search for ultrasound features associated with
ectopic pregnancies should be made. 33–35

Table 3, adapted from Yao et al.,36 simplifies the diagnosis
of ectopic pregnancy.

Recommendations

1. Sonographic diagnosis of embryonic demise can be made
when there is no cardiac activity in an embryo greater than 5
mm by transvaginal ultrasound or 9 mm by abdominal
ultrasound.7

Transvaginal sonographic diagnosis of a blighted ovum is
certain when the mean gestational sac diameter exceeds 8
mm without a yolk sac or when the mean gestational sac
diameter exceeds 16 mm without an embryo.

Transabdominally, a gestational sac greater than 20 mm
without a yolk sac or 25 mm without an embryo is diagnos-
tic of a blighted ovum8 (II-2 A).

2. Given the possibility of measurement error, it is prudent
to allow an additional 1 to 2 mm in gestational sac measure-
ment before intervention.9 If the gestational sac is smaller
than expected, the possibility of incorrect dates should
always be considered, especially when there is no pain or
bleeding. Under these circumstances, a repeat transvaginal
scan should be arranged after an interval of at least one
week10 (II-2 A).

3. Failure to detect an intrauterine gestational sac by
transvaginal ultrasound when the beta-hCG value exceeds a
discriminatory level (1000 to 2000 mIU/ml) indicates an
increased risk for ectopic pregnancy. With a complex
adnexal mass or a tubal ring, the probability of ectopic preg-
nancy is high, while a live extrauterine embryo is diagnostic
of an ectopic (II-2 A).
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Table 3. Diagnosis of asymptomatic tubal ectopic pregnancy

Possible ectopic pregnancy Serum �-hCG level � 1500 mIU/ml
Absence of intrauterine pregnancy on transvaginal ultrasound

Probable ectopic pregnancy Serum �-hCG level � 1500 mIU/ml
Absence of intrauterine pregnancy on transvaginal ultrasound
Adnexal mass on transvaginal ultrasound

Diagnosis of ectopic pregnancy Gestational sac inside fallopian tube on transvaginal ultrasound
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