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Introduction

Ultrasonography is one of the most important
and useful diagnostic tools in obstetrics. It is a
non-invasive, portable, quick, and safe technol-
ogy. Ultrasound performed in the first trimester
confirms an intrauterine pregnancy, establishes
accurate dates, and is crucial in diagnosing early
pregnancy failure and ectopic pregnancy. It is
commonly used for risk assessment for aneu-
ploidy, through measurement of nuchal translu-
cency and identification of the presence or
absence of the nasal bone. Moreover, ultrasound
for fetal assessment of early pregnancy reduces
the failure to detect multiple pregnancy by
24 weeks of gestation and is also associated with
a reduction in induction of labor for post-term
pregnancy [1]. Standard indications for first tri-
mester ultrasound are shown in Table 4.1. These
are addressed in detail in various chapters of this
book. Several maternal conditions are known to
be associated with an increased risk of fetal
anomalies and may justify early or more detailed
fetal anatomy survey.
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Table 4.1 Standard indications for first trimester ultra-
sound [139]

1. Confirmation of the presence of an intrauterine
pregnancy
. Evaluation of a suspected ectopic pregnancy
. Defining the cause of vaginal bleeding
. Evaluation of pelvic pain
. Estimation of gestational (menstrual) age
. Diagnosis or evaluation of multiple gestations
. Confirmation of fetal cardiac activity
. Imaging as an adjunct to chorionic villus sampling,
embryo transfer
9. Localization and removal of an intrauterine device
10. Assessing for certain fetal anomalies, such as
anencephaly, in high-risk patients
11. Evaluation of maternal pelvic masses and/or
uterine abnormalities
12. Measuring the nuchal translucency (NT) when part
of a screening program for fetal aneuploidy
13. Evaluation of a suspected hydatidiform mole
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Late first trimester fetal anatomic and placen-
tal imaging are rapidly evolving. Imaging of the
fetus in first trimester provides an opportunity to
evaluate the structural integrity of the fetus [2].
Many anomalies that were historically diagnosed
in the second trimester can be identified in the
letter part of the first trimester by sonographers or
sonologists [3—10]. Some malformations, such as
anencephaly, alobar holoprosencephaly, ectopia
cordis, body stalk abnormalities, large abdominal
wall defects, megacystis, conjoined twins, molar
pregnancy are usually identified [11-18].
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The development of high-frequency and high-
resolution transvaginal ultrasound transducers,
along with substantial improvement of the tech-
nology has resulted in the visualization of fetal
anatomic structures in greater details earlier in
gestation [19-30].

A recent systematic review by Karim et al.
analyzed 30 studies to assess the diagnostic
accuracy of ultrasound in the detection of con-
genital fetal anomalies before 14 weeks of ges-
tation. The detection rate of major abnormalities
in low-risk population was 46.1%; the detection
of all abnormalities was 32.35%. In high-risk
population, the overall detection rate was
61.18% [14].

This helps to shift the prenatal diagnosis from
the standard second trimester anatomy scan into
the first trimester.

Detection of abnormal findings in the first tri-
mester increases the time available for diagnostic
testing, patient counseling, and decision-making
regarding the course of pregnancy. If termination
of pregnancy is an option, then it is much safer in
the first trimester.

On the other hand, the absence of major fetal
structural malformations in the first trimester
could reassure patients and reduce anxiety.

While there are some anomalies that will not
be evident at a first trimester anatomy evalua-
tion, due to the natural history of fetal malforma-
tions, and a second trimester anatomical survey
remains the “gold standard,” we will consider
some patients who might benefit from first tri-
mester anatomy ultrasound. Diagnostic perfor-
mance of first trimester ultrasound in detecting
major fetal structural abnormalities had been
described as 29-78.8%, with an overall detec-
tion rate of 50% [31-33]. Scanning in the first
trimester may be performed either transabdomi-
nally or transvaginally. It was demonstrated that
the transvaginal approach is significantly better
in visualizing the cranium, spine, stomach, kid-
neys, bladder, and limbs. Complete fetal anat-
omy surveys were achieved in 64% of
transabdominal scans and 82% of transvaginal
scans at 13—-14 weeks of gestation [34]. Using
both transabdominal and transvaginal ultraso-
nography, noncardiac anatomy was seen in 75%
of fetuses with a crown-rump length of
45-54 mm and in 96% with a crown-rump length
of more than 65 mm [35] (Figs. 4.1 and 4.2).
There are no absolute contraindications to either
transabdominal or transvaginal ultrasound in the
first trimester, except patient refusal.

Fig. 4.1 A four-chamber view of the fetal heart at 13 weeks of gestation. Trans abdominal approach. Transvaginal
approach
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Fig. 4.2 Kidney area of the fetus at 13 weeks of gestation. Transabdominal approach. Transvaginal approach

Maternal Co-morbidities

Fetal anomalies may have various etiologies such
as genetic, environmental, or multifactorial.
Various maternal conditions and/or their treat-
ment are known to be associated with structural
anomalies or restricted growth. Sonographic
measurements of fetal ultrasound parameters are
the basis for accurate determination of gesta-
tional age and detection of fetal growth abnor-
malities. Crown-rump length (CRL) between 7
and 12 weeks is the most accurate parameter for
first-trimester dating. First-trimester growth
charts and predictive equations based on CRL
instead of menstrual dating are more accurate
[36]. Gestational age assessment is very impor-
tant in the diagnosis of fetal conditions that
involve early growth abnormalities due to condi-
tions such as maternal hypertension, autoimmune
disease, and preeclampsia. Clinical application of
fetal biometry in abnormal growth is also impor-
tant in cases of small- and large-for-gestational-
age fetuses, chromosomal aberrations, and
skeletal dysplasias.

Pregestational Diabetes

The prevalence of pregestational diabetes is
observed in 1-2% of pregnancies [37-39].
Maternal pregestational diabetes is a well-
known risk factor for congenital anomalies.
The types of congenital anomalies in diabetic

pregnancies differ from those of non-diabetic
pregnancies.

The overall incidence of congenital malforma-
tions in diabetic pregnancies has been reported to
be 6-13%, which is two- to four-fold greater than
that of the general population [40—42]. A higher
proportion of CNS abnormalities (anencephaly,
encephalocele, meningomyelocele, spina bifida,
and holoprosencephaly); cardiac anomalies
(transposition of the great vessels, VSD, single
ventricle, and hypoplastic left ventricle); and kid-
ney anomalies [43—48] are reported. The detec-
tion rate, for CNS anomalies in the first trimester,
has been reported to be as high as 100% in cases
of anencephaly and encephalocele and only 18%
in cases of spina bifida [32, 49], because the typi-
cal findings of “lemon sign” and “banana sign”
do not appear until the end of the first trimester
[50, 51].

Obesity is a well-known risk factor for and co-
morbidity of diabetes. Moreover, several studies
reported that women with pregestational diabetes
and BMI higher than 28 kg/m? have a three-fold
increase in the risk of congenital anomalies, and
the risk further increases proportionally with
BMI [52-54]. The potential role of first trimester
anatomy ultrasound in the obese gravida is dis-
cussed further below.

Rates of fetal malformation appear to be simi-
lar for type 1 and type 2 diabetes [55]. It is well
known that the poorer the glycemic control is
periconceptionally or early in pregnancy, the
greater the risk is for congenital anomalies [56,
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57]. Lack of proper glycemic control during
pregnancy is associated with profound fetal
anomalies. Maternal hyperglycemia at the time
of fertilization (defined as a glycosylated hemo-
globin (HbA1c) >7.5%) has been associated with
a nine-fold increase in congenital fetal anomalies
and a four-fold increase in spontaneous abortion
[58, 59].

Women with pregestational diabetes are
advised to plan their pregnancy and optimize the
glycemic control before pregnancy.

The American College of Obstetricians and
Gynecologists recommend HbAlc level for
pregnancy to be <6% before conception is
attempted to decrease the risk of congenital
malformations [60]. They also encourage to
take at least 400 pg of folic acid daily to all
women contemplating pregnancy [61], and
800 pg or 1 mg of folic acid in the presence of
other risk factors for neural tube defects.
However, there is not specific, prospective evi-
dence that supports these recommendations, and
the evidence suggests that folic acid is more
protective against spina bifida than anencephaly
and encephalocele [62]. However, unplanned
pregnancies occur in 50% of all pregnancies,
and the majority of women do not seek prenatal
care until after embryogenesis (4-8 weeks of
gestation). Thus, we should consider the evalua-
tion of anatomy using first trimester ultrasound
in a pregnancy complicated by pregestational

diabetes. Although certain anomalies of the cen-
tral nervous system may not be detected between
11 and 14 postmenstrual weeks, there have been
case reports demonstrating the detection of con-
genital and major anomalies of the central ner-
vous system using transvaginal ultrasonography
in the first trimester [63].

While infants of diabetic mothers are at risk
for a wide variety of malformations, one syn-
drome is strongly associated with diabetes.
Caudal regression syndrome (Fig. 4.3) is a
condition associated with hypoplasic lower
extremities, caudal vertebrae, sacrum, neural
tube, and urogenital organs [44, 47, 59].
Sirenomelia (the mermaid syndrome) has been
described as a severe and lethal form of caudal
regression sequence and characterized by a
single lower extremity, absent sacrum, urogen-
ital anomalies, and imperforate anus. The prev-
alence of sirenomelia has been reported to be
1-3 per 100,000. These malformations occur
before the 9th pregnancy week, which has
important implications in the prevention of
malformations in diabetic pregnancies. The
detection of sirenomelia has been described as
early as 9 weeks of gestation [64].

A first trimester anatomy ultrasound may be
considered in women with pregestational diabe-
tes in order to detect NTD such as anencephaly
and encephalocele, certain cardiac anomalies,
and certain limb defects [25, 33].

Fig. 4.3 Sacral agenesis in patient with pre-gestational diabetes
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Obesity

Obesity in pregnancy, defined as maternal pre-
pregnancy body mass index (BMI) of 30 kg/m?
and extreme obesity with BMI >40 kg/m?, is now
recognized as a major syndrome in the Western
world [65-67].

Based on the 2017-2018 National Health and
Nutrition Examination Survey, the prevalence of
obesity in the United States is 39.7% [68].

From 1999 to 2010, the prevalence of obesity
increased from 28.4% to 34% in the women aged
20-39 years, with a higher prevalence in non-
Hispanic black and Mexican American women
[69]. From 1999-2000 through 2017-2018, the
overall prevalence of obesity and severe obesity
(defined as BMI greater or equal to 40) increased
in United States.

Obese women are at increased risk of preg-
nancies affected by neural tube defects, hydro-
cephaly, cardiovascular, orofacial, and limb
reduction anomalies [70].

It is also associated with an increased risk of
congenital anomalies such as anal atresia, hypo-
spadias, cystic kidney, pes equinovarus, ompha-
locele, and diaphragmatic hernia [71-75]. Thus,
the ability to adequately visualize these struc-
tures at midtrimester prenatal ultrasound exami-
nation has significant clinical implications.
Antenatal sonographic detection of congenital
anomalies is difficult in obese patients. A patient’s
body mass index significantly affects the ability
of the sonographer to achieve a complete ana-
tomical survey. As maternal BMI increases, the
rate of completion of anatomic surveys decreases
and the number of scans required increases [76].
The detection rate of anomalous fetuses with
either standard or targeted ultrasonography
decreased by at least 20% in obese women com-
pared to those with normal BMI [77].

Potential means to optimize ultrasonographic
image quality in obese pregnant women include a
vaginal approach [62] in the first trimester or
using the maternal umbilicus as acoustic window,
as well as tissue harmonic imaging [78-80].

Timor-Tritsch et al. proposed that early ultra-
sound examination can be effectively done with

state-of-the-art equipment and in expert hands,
and 13-14-week scan is more effective than an
11-12-week scan. Transvaginal scanning was
significantly more useful than transabdominal as
well [30].

Hendler et al. found that obesity increased the
rate of sub-optimal ultrasound visualization for
fetal cardiac and craniospinal structures and rec-
ognized that in these cases it may require visual-
ization of these structures after 18-22 weeks
using a transabdominal approach [81]. Gupta
et al. suggested performing first—trimester fetal
anatomic survey in addition to routine second tri-
mester anatomy scan to improve the detection
rate of congenital anomalies in obese patients
[82]. Transvaginal sonography bypasses the
maternal abdominal adipose tissue, and the late
first-trimester transvaginal scan may be the only
opportunity to visualize the fetal anatomy ade-
quately in the obese pregnant patient [83].

Combining transvaginal and transabdomi-
nal approach yields the highest detection rate
overall.

Maternal Conditions Associated
with Congenital Heart Defects

Various teratogenic agents and maternal condi-
tions have been implicated as the etiologic agents
of CHD (see also Chap. 4). Maternal pregesta-
tional diabetes has 2-5 times the risk of
CHD. Anomalies, such as transposition of the
great arteries, truncus arteriosus, visceral hetero-
taxy, and single ventricle, are more common
among offspring of diabetic mothers compared to
women without diabetes [45, 84-87]. Ventricular
septal defect and transposition of the great arter-
ies are the most common cardiac defects in
fetuses of diabetic mothers [84]. Establishing
glycemic control before and early in pregnancy
improves maternal and fetal outcomes, including
reduction of CHD [88-90].

Overall, congenital heart disease (CHD) is the
most common congenital anomaly, with an inci-
dence of 6-8% of all live births, accounting for
30-45% of all congenital defects [91-93]. Prenatal
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diagnosis of CHD may be used to optimize care
and potentially be lifesaving [94-96]. Fetal echo-
cardiogram at 18-20 weeks gestation is a well-
established method for evaluation of fetal cardiac
structure and function. With improved technology,
it has become feasible to obtain images of the fetal
heart as early as 11 weeks gestation [28, 97].
Moreover, there is mounting evidence that an
increased nuchal translucency (NT) is associated
with major cardiac defects in the fetus and there-
fore represents an indication for specialized fetal
echocardiography [98-100]. A meta-analysis
showed that the use of the 99th centile (i.e.,
3.5 mm) can identify around 30% of fetuses with
CHD, supporting the notion that NT is the stron-
gest predictor of CHD in the first trimester [98].
Abnormal ductus venosus (DV) blood velocity
waveform (absent or reverse A-wave) in the first
trimester has also been associated with increased
risk for adverse perinatal outcome, in particular for
chromosomal anomalies and CHD [101, 102]
(Fig. 4.4). Abnormal DV blood velocity in the first
trimester is an independent predictor of CHD and
should constitute an indication for early echocar-
diography. It has been reported that the use of DV
blood velocity assessment increased early detec-
tion of CHD by 11% with respect to the use of NT
measurement alone [103]. The combined data
from eight studies on euploid fetuses with
increased NT (above the 95th centile) demon-
strated abnormal DV blood velocity in 87% of
fetuses with cardiac defects, compared with 19%
without cardiac defects [104]. Thus, many groups
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Fig. 4.4 Abnormal ductus venosus (DV) blood velocity
waveform at 12 weeks of gestation

have suggested the use of DV as a secondary
marker to be assessed selectively in fetuses with
increased NT [105-107].

Several studies have shown that complete
evaluation rate of the heart increased from 45% at
11 weeks to 90% between 12-14 weeks and
100% at 15 weeks [26, 27, 108]. The visualiza-
tion of the four-chamber view and the cross-over
of the pulmonary artery and aorta have been
reported from 44% at 10 weeks to 100% at
13—-17 weeks [26]. Transvaginal echocardiogra-
phy is reported to be superior to the transabdomi-
nal approach between 10 and 13 weeks of
gestation, both methods are similar at 14 weeks
of gestation, and transabdominal echocardiogra-
phy is more accurate than transvaginal at
15 weeks of gestation [108]. Detection of cardiac
anomalies in the first trimester varies by lesion,
as noted in Tables 4.2 and 4.3.

Phenylketonuria (PKU) is another metabolic
disorder that is associated with CHD. Women
with PKU who have elevated phenylalanine lev-
els are at increased risk for offspring with
CHD. VSD and coarctation of the aorta are most
common in this population [109]. Levels exceed-
ing 15 mg/mL are associated with a 10—15-fold
increase in CHD [110]. The etiology of CHD is
related not only elevated blood phenylalanine
levels, but also poor protein and vitamin intake
during the first trimester [111]. Diet control
before conception and during pregnancy had
shown reduced risk of CHD [112, 113].

Table 4.2 Cardiac lesions that may be detected in the
first trimester [140]

1. Tricuspid atresia
2. Pulmonary atresia (with or without ventricular
septal defect (VSD))
3. Mitral atresia
4. Aortic atresia
5. Hypoplastic left heart syndrome (aortic and mitral
atresia or severe stenosis)
6. Complete transposition
7. Corrected transposition
8. Double inlet ventricle
9. Atrioventricular septal defect (large septal defects)
10. Truncus arteriosus
11. Tetralogy of Fallot
12. Large ventricular septal defects
13. Complex lesions in the setting of laterality defects
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Table 4.3 Cardiac lesions that may be overlooked in the
first trimester [140]

Developmental lesions
1. Mild aortic/pulmonary stenosis
2. Mild mitral/tricuspid valve abnormalities
3. Coarctation of the aorta
4. Cardiac tumors
5. Cardiomyopathies
Septal defects
1. Ventricular septal defects
2. Primum atrial septal defects
3. Atrioventricular septal defects
Others
1. Tetralogy of Fallot with normal size pulmonary
arteries
2. Abnormalities of pulmonary venous return

Anticonvulsants, a class of drugs that includes
phenytoin, carbamazepine, and sodium valpro-
ate, are commonly used in the treatment of epi-
lepsy. The incidence of congenital defects is
4-10%, an approximate two- to four-fold increase
compared to the general population [114-120].
Polytherapy with anti-epileptic drugs (AEDs) is
associated with a higher malformation rate than
monotherapy [121]. Use of certain AEDs during
pregnancy increases the risk for specific congeni-
tal malformations, such as neural tube defects,
cleft lip and palate, and cardiovascular malfor-
mations [122-125]. Valproic acid monotherapy,
among the different regimens, has the highest
risk of congenital abnormalities in offspring [94].
The use of valproate and carbamazepine is
strongly associated with neural tube defects
(NTDs), especially with spina bifida. The preva-
lence of spina bifida is approximately 1-2% with
valproate exposure and 0.5% with carbamaze-
pine [126].

Carbamazepine exposure is associated with
Tetralogy of Fallot, esophageal atresia, vertebral
anomalies, and multiple terminal transverse limb
defects [120]. The most common cardiac anoma-
lies reported among offspring exposed to carba-
mazepine are VSD, Tetralogy of Fallot, PDA, and
ASD [120, 123, 127, 128]. In a light of these
results, we should consider first trimester anat-
omy ultrasound and fetal echocardiogram for
women with epilepsy on AEDs.

Alcohol abuse during pregnancy is associated
with health problems to both mother and fetus.

Of the 4 million pregnancies in the US each
year, 3—-5% of women drink heavily throughout
pregnancy [129]. The Fetal Alcohol Syndrome
(FAS) is considered to be the most severe mani-
festation of the adverse effect of alcohol on the
fetus. A diagnosis of FAS requires prenatal
alcohol exposure and the following characteris-
tics: fetal growth restriction, neurocognitive
delays and/or mental retardation, and at least
two facial dysmorphic features (short palpebral
fissures, thin vermillion border or smooth phil-
trum) [130]. FAS occurs in 4-10% of children
born to alcoholic mothers. CHD is reported in
25-50% of infants with FAS; ASD and VSD are
the most common [131-133]. The findings sug-
gest that prenatal alcohol exposure as a potential
etiology of CHD may also be considered as an
indication for performing first trimester fetal
echocardiogram.

Maternal Vascular Disease

Women with hypertension, renal disease, and vas-
cular disease have a recognized increased risk of
preeclampsia, fetal growth restriction, and other
adverse pregnancy outcomes. While most of these
women will be candidates for low-dose aspirin
therapy, identification of a particularly high-risk
subset may allow more intensive surveillance and
targeted interventions. Abnormal placental vascu-
lar development is a basis of common obstetrical
disorders such as fetal growth restriction and pre-
eclampsia. Uterine artery Doppler has been inves-
tigated as a predictive and diagnostic tool.

It has been reported that pregnancies with an
increased risk of developing hypertensive disor-
ders and related complications have an abnor-
mally increased UtA-PI in early pregnancy [134,
135]. The 11-14 weeks period is characterized
by an elevated UtA-PI and bilateral notching. As
pregnancy progresses, UtA-PI decreases and
bilateral notching is less prevalent [134, 136]. A
meta-analysis involving 55,974 women has
shown that first trimester uterine artery Doppler
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is a useful tool for predicting early-onset pre-
eclampsia, as well as other adverse pregnancy
outcomes [137]. ASA treatment initiated before
16 weeks of pregnancy may reduce the incidence
of preeclampsia and its consequences in women
with ultrasonographic evidence of abnormal pla-
centation diagnosed by first trimester uterine
artery Doppler studies [138].

Conclusion

First trimester ultrasound is already a common
part of our obstetric armamentarium. As our
patients, their co-morbidities, and the sophistica-
tion of ultrasound changes, so too may we change
our approach to prenatal diagnosis. While the
information presented here does not reflect current
standard of care, we anticipate further evolution of
condition- and exposure-based recommendations,
including first trimester anatomy studies and echo-
cardiography in selected populations.

Teaching Points

e Ultrasound performed in the first trimester
confirms an intrauterine pregnancy, estab-
lishes accurate dates, pregnancy failure, and
ectopic pregnancy.

e It is also used for risk assessment for aneu-
ploidy, through measurement of nuchal trans-
lucency and identification of the presence or
absence of the nasal bone.

e Complete fetal anatomy surveys can be
achieved in 64% of transabdominal scans and
82% of transvaginal scans at 13—14 weeks of
gestation. This helps to shift the prenatal
diagnosis from the standard second trimester
anatomy scan into the first trimester.

e Various maternal conditions and/or their treat-
ment are known to be associated with struc-
tural anomalies or restricted growth. Maternal
pregestational diabetes is a well-known risk
factor for congenital anomalies. The overall
incidence of congenital malformations in dia-
betic pregnancies is 6—13%, which is two- to
four-fold greater than that of the general
population.

e Obesity is a well-known risk factor for and co-
morbidity of diabetes. Women with pregesta-

tional diabetes and BMI higher than 28 kg/m?
have a three-fold increase in the risk of con-
genital anomalies, and the risk further
increases proportionally with BMI.

e Congenital heart disease (CHD) is the most
common congenital anomaly, with an inci-
dence of 6-8% of all live births, accounting for
30-45% of all congenital defects. An increased
nuchal translucency (NT) and/or abnormal
ductus venosus (DV) blood velocity waveform
are associated with major cardiac defects in the
fetus. Complete evaluation rate of the heart
increased from 45% at 11 weeks to 90%
between 12—-14 weeks and 100% at 15 weeks.

e Maternal metabolic diseases such as PKU and

diabetes and exposure to certain medications
such as anticonvulsants are associated with
CHD. These conditions might be considered
as an indication for performing first trimester
fetal echocardiogram.

» First trimester uterine artery Doppler is a use-

ful tool for predicting early-onset preeclamp-
sia, as well as other adverse pregnancy
outcomes. ASA treatment initiated before
16 weeks of pregnancy may reduce the inci-
dence of preeclampsia and its consequences in
women with ultrasonographic evidence of
abnormal placentation diagnosed by first tri-
mester uterine artery Doppler studies.
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