
First-trimester ultrasound
examination is of value to
establish dates or assess
fetal viability in cases of
bleeding but provides limited
information on the well-being
of the fetus. At between 16
and 20 weeks' gestation,
examination of fetal anatomy
allows many abnormalities to
be detected. Third-trimester
ultrasound examination is
predominantly for follow up
of growth and normal
development or of any
abnormalities seen earlier.

Au cours du premier
trimestre, I'echographie est
utile pour preciser les dates
ou evaluer la viabilite foetale
en presence de saignement,
mais elle fournit peu de
renseignements sur le
bien-etre du foetus.
Effectuee entre la seizieme et
la vingtieme semaine de
grossesse, elle permet
d'examiner l'anatomie du
foetus et de deceler de
nombreuses anomalies.
Pendant le troisieme
trimestre, I'echographie vise
surtout a assurer le suivi de
la croissance et du
developpement normal ou a
surveiller l'evolution de toute
anomalie identifiee
anterieurement.
(an Fam (hyskn 1992;38:121-128.
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INCE TIHE INTRODUCT ION OF

obstetrical ultrasound by

Ian Donald in the early
1 960s, it has been a very im-
portant tool in the evalua-

tion of the pregnant patient and the fetus.'
As equipment improves, so does our ability
to display an image of the fetus. The result
is that abnormalities can be diagnosed ear-

lier and in greater detail.

First trimester
The ability to detect an early gestation has
been improved with the use of endovaginal
(EV) scanning. With this technique, a small
intradecidual sac can be seen at approxi-
mately 4.5 weeks menstrual age.2 The first
structure to be visualized in the normal ges-

tational sac is the yolk sac.

Using transabdominal technique, the
yolk sac should always be visualized when
the mean diameter of the gestational sac is
20 mm.3 With EV scanning, the yolk sac

should always be visualized when the gesta-
tional sac has a mean diameter of 8 mm.4
The mean diameter of the gestational sac
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measures 10 mm at 5 weeks and 20 mm at
6.5 weeks. With EV sonography at 6 weeks,
an embryo with a crown-rump length as
little as 1 to 2 mm can be seen adjacent to
the yolk sac (Figure 1). Cardiac activity can
usually be seen when the crown-rump
length is greater than 3 mm.

Multiple gestation can be diagnosed
with examination of the chorion, amnion,
yolk sac, or embryo. It is usually easier to
differentiate between a monochorionic
diamniotic twin pregnancy and a dicho-
rionic diamniotic pregnancy during the
first trimester than later on.5

One study estimated that the average
rate of miscarriage is 31%, with the mean
time around 11 weeks menstrual age.6
Thus, an important function of ultrasound
examination during the first trimester is to
determine fetal viability. With EV tech-
niques, the fetal heartbeat can be detected
in embryos that are 2 mm long; however,
normal embryos 4 mm long have been seen
showing no cardiac activity. Therefore, if
no cardiac activity is seen when the
crown-rump length is less than 4 mm, a re-
peat scan is required.7 At 6.5 weeks, when
the crown-rump length is 6 mm, cardiac ac-
tivity should always be seen by EV scan-
ning. Other criteria for a missed abortion
are a gestational sac with a mean diameter
of 8 mm or more without a yolk sac or a
gestational sac with a mean diameter of
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16 mm or greater without an embryo by EV
sonography.4

Patients often present with endovaginal
bleeding as the indication for an early scan.
Subchorionic hemorrhage can appear in a
live gestation. The volume of the hemato-
ma can allow one to predict the outcome
of the pregnancy. One study showed a cor-
related loss rate of 50% in a group of pa-
tients with endovaginal bleeding and sub-
chorionic hemorrhage.8

Evaluation of the embryo is limited in
the first trimester. Normal early develop-
ment can resemble abnormal changes seen
later on, such as midgut herniation. Embry-
os that appear normal in the first trimester
can subsequently appear abnormal. A dis-
crepancy between embryonic size and
dates sometimes is the only indicator ofem-
bryonic abnormality in the first trimester.
With improved technology, embryonic ab-

normalities, such as anencephaly and renal
agenesis, can be diagnosed in the first
trimester.

Ultrasound has been used for estimation
of fetal age for the past 20 years. We can
estimate menstrual age based on the gesta-
tional sac size or crown-rump length in the
first trimester. The embryo can be visual-
ized during the sixth week (menstrual age).
We prefer using crown-rump length

from 7 to 12 weeks for dating; dates can
then be established within 5 days menstrual
age.9 The high degree ofaccuracy probably
can be achieved because there is little bio-
logic variability in the early stages of devel-
opment. Later on in fetal development, one
has to take into account individual genetic
variations, especially in our heterogeneous
society.

The appearance of a molar pregnancy
can be characteristic; however, such a preg-
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nancy often is diagnosed by identifying the
combination ofa gestational sac without an
embryo and high levels ofhuman chorionic
gonadotropin B (hCG-B).

Ultrasound plays an important role in
the diagnosis of ectopic pregnancy. The in-
cidence of ectopic pregnancy has been in-
creasing, and in Western countries, it is now
a leading cause of maternal death.'0 There
are certain high-risk groups, such as wom-
en with a documented history of pelvic in-
flammatory disease, women who have un-
dergone in vitro fertilization, and women
who have been treated for infertility with
tubal microsurgery. The presence of an in-
trauterine gestation makes the possibility of
an extrauterine gestation extremely unlike-
ly; however, concomitant intrauterine and
extrauterine gestations occur in as many as
one per 7000 pregnancies.' Ultrasound ex-
amination, including endovaginal scan-
ning, is appropriate when ectopic gestation
is suspected.

In some studies, overall accuracy for
diagnosing ectopic pregnancy by EV scan-
ning is 90% or better. In the study by Cac-
ciatore,'2 the common finding suggestive of
an ectopic gestational sac was an adnexal
ring with a thickened echogenic wall; this
was seen in 62% of patients with ectopic
pregnancies (Figure 2). Within this ring, a
yolk sac was seen in 15% and fetal echoes
and heartbeat in 17%. A complex mass was
seen in 32% of cases. 12

Concomitant measurement of hCG-B
and correlation with ultrasound findings is
of great value in assessment of ectopic ges-
tation.'2"3 In the normal pregnancy, there
is a rapid increase in the hCG-B levels up
to 8 weeks of gestation, after which levels
plateau and subsequently decline. A gesta-
tional sac size between 5 and 25 mm has
been shown to have a linear correlation
with hCG-B.'4 In ectopic gestations, the
hCG-B level also rises, but usually more
slowly.

With transabdominal scanning, if the
quantitative hCG-B level is greater than
1800 mIU/mL Second International Stan-
dard (21S) and the uterus is empty on ultra-
sound examination, there is a strong likeli-
hood of ectopic gestation or a spontaneous
abortion. With EV scanning, an intrauter-
ine gestation should be visible when the
hCG-B level is 1000 mIU/mL (21S). The

higher the hCG-B level in a patient with an
empty uterus, the more likely the presence
of an ectopic gestation. An hCG-B level
lower than 1000 mIU/mL (21S) with an
empty uterus can indicate a normal early
intrauterine gestation, an ectopic gestation,
or a spontaneous abortion; a follow-up
hCG-B measurement and ultrasound ex-
amination is suggested.

Second trimester
With the advancement of modern technol-
ogy, a vast array of anomalies can be de-
tected early in the second trimester, primar-
ily between 16 and 20 weeks; only some of
the more common ones will be described.

"Detailed" scans or "Level II" scans are
usually indicated for high-risk women. Ex-
amples would include women who have
previously had a fetus with a neural tube
defect or other developmental anomalies,
women with gestational diabetes, women
age 35 and older, and those who have alco-
hol or drug addictions. Ultrasound plays a
significant role in high-risk diagnostic pro-
cedures, such as amniocentesis and cho-
rionic villi sampling.

Central nervous system anomalies are
among the most common abnormalities
that can be detected with ultrasonography.
Hydrocephalus is often the presenting sign
of any CNS abnormality. Some causes are
subarachnoid hemorrhage, Dandy-Walker
syndrome, and aqueductal stenosis. 15
When scanning the fetal brain, careful at-
tention should be given to the anterior and
posterior horns of the lateral ventricles; the
anterior horn measurement is normally no
greater than 2 cm and the posterior horn
measurement no greater than 1 cm.'5"6
The cerebellum should be identified, as
well as the septum pellucidum. The cister-
na magna should measure between 2 and
11 mm in sagittal diameter (Figure 3).
Many fetal spine anomalies can be de-

tected by ultrasonography, but we will dis-
cuss only the most common. By far the
most commonly detected anomaly is spina
bifida occulta, in which the failure of the
neural tube to close at the end of the sixth
week results in non-fusion of the vertebral
arches, most commonly detected in the
lumbar region. Ultrasonography demon-
strates abnormal neural arches, a normal
spinal cord, and intact skin covering.
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Associated CNS anomalies range from a
meningocele or meningomyelocele to a to-
tally open defect known as myeloschisis.
There is also almost always a malformation
of the brain known as the Chiari II malfor-
mation (or Arnold-Chiari deformity): a
spectrum of anomalies with a basic malfor-
mation of the brainstem and cerebellum as-
sociated with dysraphism of the spinal cord
and spine.
A mass lesion worth noting is the cystic

hygroma. Cystic hygromas form secondary
to sequestration of lymphatic tissue or lym-
phatic obstruction and are commonly de-
tected in the cervical aspect of the fetus.'7"18

The fetal long bones should be noted,
and special attention should be paid to the
measurements of these long bones if, for ex-
ample, dwarfism is suspected.

Gastrointestinal abnormalities are also
commonly detected in the second trimester.

The fetal stomach is routinely imaged as a
fluid-filled structure in the left upper quad-
rant by 14 or 15 weeks.'9 Inability to detect
the fetal stomach can indicate esophageal
atresia; it can, however, be a normal vari-
ant under 20 weeks. Duodenal atresia is
demonstrated on sonography as an overdis-
tended stomach in the left upper quadrant
connecting with an enlarged duodenum
("double bubble" sign). It can be diagnosed
as early as 19 weeks.202'

The colon can be identified as early as
22 weeks; by 28 weeks portions of the colon
are identified in almost all fetuses.22 Fetal
bowel that appears acoustically abnormal,
with intraperitoneal calcifications, can indi-
cate meconium peritonitis, which results
from intrauterine bowel perforation, and
follow-up scans are always suggested.

Two main types of anterior abdominal
wall defects are detected by ultrasound:
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omphalocele and gastroschisis. Omphalo-
celes are more severe because they are
commonly related to other types of abnor-
malities, including cardiac lesions, neural
tube defects, and trisomies. Careful scan-
ning ofthe entire fetus is therefore essential.
Abdominal wall defects should not be diag-
nosed sonographically until 14 weeks be-
cause the fetal bowel migrates into the base
of the umbilical cord as a normal embryon-
ic event during the first trimester and re-
turns to the abdominal cavity by 10 to 12
weeks.23

Diaphragmatic anomalies, which are
much less common, involve herniation or
displacement of abdominal contents into the
thorax, thus distorting normal anatomic re-
lationships. They can be seen by sonography
in the early part of the second trirnester.

Major genitourinary abnormalities of the
fetus include agenesis, obstructive lesions,
and renal cystic disease. The fetal kidneys
can be seen as early as 14 weeks and routine-
ly at 18 weeks.24 Minimal caliectasis in fetal
kidneys is commonly seen. Information
about the fetal kidneys can be obtained
through ultrasound evaluation of the am-
niotic fluid volume and observation of the
bladder for urine production. The fetal blad-
der should be routinely seen by 16 weeks.25

The four-chamber view of the heart has
become a routine view of any obstetrical
scan in the second trimester. It is not possible
to rule out all congenital &ease, but it has
been estimated that up to 95% of all serious
congenital heart defects are suspected by
abnormalities of the four-chamber view.26
Any suspected abnormality calls for detailed
scanning and fetal echocardiography.

Third trimester
Scanning in the third trimester may be or-
dered to follow up conditions noted earlier,
to investigate suspected growth distur-
bances, to monitor fetal well-being, or to
collect information that will help in plan-
ning delivery management.

Dynamic fetal episodes of swallowing,
hiccups, "breathing," eye movement, and
even urinating can sometimes be seen. The
fetal profile (Figure 4) and facial features, in-
cluding the lip, palate, and nostril area, can
sometimes be examined for cleft abnorma-
lities. Such things as fetal hair, vernix in the
amniotic fluid, and the fetal genital area

can also be visualized. Sex determination
is a complex issue. People often enquire
about the sex of their fetus, believing it is
their right to know. Determining the sex of
the fetus is sometimes helpful for certain
diagnoses, but generally is not part ofa rou-
tine obstetrical scan; the parent's wish to
know the sex is not a good reason to order
a scan.

If fetal hydronephrosis is noted in the
late second or third trimester, it should be
monitored, because prenatal diagnosis al-
lows quicker and more effective manage-
ment at birth. Kidneys that show a grade
II or grade III hydronephrosis must be fol-
lowed closely after birth; kidneys with a
grade IV or grade V hydronephrosis are
certainly pathologic and will require sur-
gery. Hydronephrosis grades I through III
should generally be followed up 3 to 7 days
after birth when babies are better hydrated,
so that mild to moderate hydronephrosis
will not be overlooked.27

Vaginal bleeding in the second or third
trimesters is an ominous sign. Bleeding in
the third trimester occurs in approximately
4% of all pregnancies; approximately 20%
of cases are caused by placenta previa and
30% by abruptio placenta. Both conditions
increase fetal and maternal morbidity and
mortality.28

The ultrasound report should comment
on the site of the developing placenta as
soon as it is seen. A 20% incidence of pla-
centa previa is noted earlier than 20 weeks'
gestation.29 The incidence at term, howev-
er, has been reported in various studies to
be approximately 0.3% to 0.5%.28,29 This
is because of placental migration, thought
to be caused by differential growth of the
lower uterine segment. A follow-up ultra-
sound could still be indicated in the late
third trimester. Scanning with an overdis-
tended bladder or during a myometrial
contraction can artificially produce a pla-
centa previa. At times the fetal lie can ob-
struct the lower edge ofthe placenta; endo-
vaginal scanning can be used when the
transabdominal method proves ineffective.

Abruptio placentae is a serious obstetri-
cal complication associated with premature
labor and delivery. It is seen in approxi-
mately 0.5% to 1.3% of all gestations and
has been shown to account for 15% to 25%
of all perinatal deaths.28'30-33 The diagnosis
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ofabruptio placentae is often clinical rather
than sonographic. There are many reasons
for the varying reports of sonographic sen-
sitivity in detecting abruptio placentae. The
sonographic appearance of the bleed has
been shown to vary with the time at which
the ultrasound is performed. The location
of the bleed plays an important factor, as
hematomas can be confused with normal
placenta, myomas, myometrial contrac-
tions, or chorioangiomas.28"33 Comparison
with a recent scan or a follow-up scan can
be helpful in establishing a diagnosis."3

The biophysical profile, as outlined by
Manning and colleagues,34 attempts to
gauge fetal well-being by examining fetal
tone, movement, breathing, and amniotic
fluid volume. The authors provide a point
system to score these factors, along with the
result of the non-stress test; recommenda-
tions for management are given for differ-
ent scores. The biophysical profile has been
used with varying results for high-risk preg-
nancy, post-dates pregnancy, intrauterine
growth retardation (IUGR), premature
rupture ofmembranes, and some maternal
disorders."5

The primary measurements used to esti-
mate fetal age and growth are the biparietal
diameter, head circumference, abdominal
circumference, and femur length.

Intrauterine growth retardation occurs
when insufficient nutrition is supplied to the
fetus. Fetuses are at risk for a variety of rea-
sons, including chronic maternal disease,
maternal drug ingestion, maternal age (un-
der 17 or over 35), or maternal malnutrition.
In symmetrical IUGR, the entire fetus is
smaller than normal; in asymmetrical
IUGR, the fetal trunk is smaller but the head
is virtually normal. Approximately 10% of
IUGR cases are due to a congenital anoma-
ly, so detailed scanning is important. Scan-
ning an IUGR fetus can be difficult for many
reasons. If there is oligohydramnios present,
visibility is greatly decreased and can make
normal anatomy difficult to delineate.36

Intrauterine growth retardation is usual-
ly diagnosed by ultrasound when growth is
less than expected in the third trimester.36
However, diagnosis can be difficult unless
the mother has accurate known dates or
gestational age has been estimated from a
previous appropriate ultrasound examina-
tion for dating. If the dates are not known,

the best approach is to try to establish the
best estimated gestational age and rescan
in approximately 2 weeks for appropriate
interval growth. The head circumference
to abdominal circumference ratio can give
information as to whether the growth retar-
dation is symmetrical or asymmetrical.36'37

General indications and
uses for ultrasound
The overall goals of obstetrical sonography
are, on the one hand, to demonstrate fetal
well-being by evaluating fetal morphology
and biometry and, on the other hand, to
identify abnormal fetuses and fetuses at in-
creased risk ofmorbidity and mortality. Ul-
trasound makes it easier to look at the fetus
as a separate entity while still keeping in
mind maternal risk factors. There is ongo-
ing research into finding better ways to es-
tablish gestational age and growth patterns,
but it is a difficult task.

Multiple gestation. Ultrasound is ex-
tremely useful for diagnosis and monitoring
of multiple gestations. Multiple births show
an increased rate of perinatal morbidity
and mortality, due largely to premature la-
bor (75%) but also to a host of potential
problems: an increased incidence ofIUGR
(1 0/0/)3.839; monoamniotic gestation; twin
transfusion syndrome; maternal complica-
tions, such as diabetes mellitus and hyper-
tension; and tht fact that up to 30% of all
unscanned twin pregnancies are clinically
missed until birth, endangering the second
fetus. 38

Congenital anomalies are up to three
times as prevalent with twins as with single-
tons.38540 At least one third of all twin preg-
nancies diagnosed in the first trimester end
up as singletons; however, twins observed in
the second trimester are likely to continue to
term. Therefore, one can diagnose twins
during the first trimester but should confirm
the diagnosis during the second trimester.
A detailed scan should be performed be-

tween 16 and 18 weeks for size, diagnosis
of anomalies, amniotic fluid volume esti-
mation, visualization ofmembranes (to rule
out monoamniotic twins), separate placen-
tas (which can help to decrease the risk of
twin transfusion syndrome), and sex (which
can be helpful to determine dizygotic
twins). As the pregnancy continues, serial
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examinations will show growth, amniotic
fluid volume, lie and presentation of the fe-
tuses, and some anomalies that do not show
up until late in pregnancy.38

Insulin-dependent diabetic pregnan-
cy. Insulin-dependent diabetic mothers can
benefit from serial ultrasound screening.
The incidence oflate pregnancy stillbirth has
declined with better medical management,
but mortality from lethal congenital anoma-
lies and traumatic delivery because of ma-
crosomia are still concerns. The incidence of
congenital anomalies is approximately three
times as great in the infant of a diabetic
mother (cardiac anomalies are three to four
times as likely; neural tube defects are three
times as likely; and gastrointestinal and geni-
tourinary anomalies are common).4'

Along with maternal a-fetoprotein lev-
els at 16 weeks' gestation, detailed ultra-
sound examination to rule out anomalies
is suggested between 16 and 18 weeks,
possibly including fetal echocardiography
performed by specialized, skilled person-
nel. Serial ultrasound examinations
should be done to rule out growth distur-
bances, such as IUGR and macrosomia.
Growth curves are generally parallel to
the normal population until approximate-
ly 28 weeks' gestation. In macrosomia, re-
cent studies have shown that the biparietal
diameter usually stays in the normal to
low-normal range throughout the preg-
nancy, while the femur and the abdominal
circumference can be greater than the
90th percentile; therefore, abdominal cir-
cumference growth is important in assess-
ment of the diabetic pregnancy. Serial ul-
trasound examinations beginning in the
late second trimester will provide more in-
formation on either IUGR or macroso-
mial tendencies than a single estimation
offetal weight close to term, as fetal weight
estimates have a high margin of error no
matter which formula is used.4'

Planning delivery. At any time during
the pregnancy, but especially nearing term,
valuable information can be obtained to
aid in labor and delivery management. It
is useful in determining an unusual fetal lie,
especially when a cesarean section is being
considered. Demonstrating the location of
the placenta, the amount of amniotic fluid,

and the possibility of a nuchal cord can be
of clinical significance.

Ultrasound quality. Many factors affect
the quality ofan obstetrical ultrasound exami-
nation: the type of equipment, the skill of the
operator, matemal body habitus, patient blad-
der preparation and tolerance, gestational
age, fetal movement, and the amount of am-
niotic fluid surrounding the fetus.

Conclusion
Whether an obstetrical ultrasound examina-
tion or examinations should be performed
routinely is controversial. In most European
countries, it is performed routinely, but not
in North America. Scanning during the first
trimester should be reserved for questions of
fetal viability or ectopic gestation.

If there is to be one scan during preg-
nancy, it should be performed between 16
and 18 weeks. This provides accurate dat-
ing and is good for diagnosing abnormali-
ties in time for genetic counseling and deci-
sion making, if necessary.
A scan during the third trimester is

sometimes indicated for follow up of
growth complications or fetal well-being.
The referring physician must decide what
information he or she wishes to obtain from
the ultrasound examination and the appro-
priate time to schedule it. U
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