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ABSTRACT

BACKGROUND: The prevalence of congenital abnormalities in general populations is approximately 3-5%.
One of the most important applications of obstetric ultrasound is in detection of fetal structural defects.
OBJECTIVE: To assess fetal structural anomalies diagnosed using ultrasound in the three trimesters of
pregnancy.

DESIGN AND SETTING: Retrospective cohort study at the Mario Palmério University Hospital of the Uni-
versity of Uberaba (Universidade de Uberaba, UNIUBE), from March 2014 to December 2016.

METHODS: Ultrasound data at gestational weeks 11-13 + 6, 20-24 and 32-36 were recorded to identify
fetal anomalies in each trimester and in the postnatal period. The primary outcome measurements were
sensitivity, specificity, positive predictive value and negative predictive value for detection of fetal anoma-
lies and their prevalence.

RESULTS: The prevalence of anomalies detected using ultrasound was 2.95% in the prenatal period and
7.24% in the postnatal period. The fetal anomalies most frequently diagnosed using ultrasound in the
three trimesters were genitourinary tract anomalies, with a prevalence of 27.8%. Cardiac anomalies were
diagnosed more often in the postnatal period, accounting for 51.0% of all cases. High specificity, negative
predictive value and accuracy of ultrasound were observed in all three trimesters of pregnancy.
CONCLUSION: Ultrasound is safe and has utility for detecting fetal anomalies that are associated with high
rates of morbidity and mortality. However, the low sensitivity of ultrasound for detecting fetal anomalies
in unselected populations limits its utility for providing reassurance to examiners and to pregnant women
with normal results.

INTRODUCTION

The prevalence of congenital abnormalities in the general population is approximately 3%-5%.!
Since the first report of the use of ultrasound in obstetrics,” this has become an important tool
for detection of fetal structural defects.?

According to the International Society of Ultrasound in Obstetrics and Gynecology, the
ideal period for screening for structural defects is the second trimester of pregnancy (weeks
18 to 22).* In Brazil, the preferred period for performing ultrasound screening in the second
trimester is between 20 and 24 weeks of gestation. In developed countries, the number of
referrals for ultrasound examinations in the first trimester (11-13 + 6 weeks) has increased,
while second-trimester ultrasound is considered to be the gold standard for detecting struc-
tural anomalies.® First-trimester ultrasound has utility for confirming fetal viability and ges-
tational age, evaluating the risk of chromosomal disorders and fetal anomalies and detecting
twin pregnancy and chronicity.*

Evaluation of nuchal translucency in the first trimester has emerged as a tool for screening
for fetal structural anomalies.®” There is an association between increased nuchal translucency
and chromosomal abnormalities, particularly trisomy 21 and structural anomalies. Greater
nuchal translucency has been correlated with increased risk of trisomy 21 and fetal anomalies,

especially cardiac abnormalities.*’
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More than 80% of fetal anomalies develop before 12 weeks of
gestation. Therefore, good visualization of the fetus at this stage
enables early detection of structural anomalies.® The ultrasound
detection rates for major structural anomalies in the first and sec-
ond trimesters range from 13.0% to 43.6% and from 21% to 85%,
respectively.”'? The overall sensitivity increases to 93% when first
and second trimester ultrasound examinations are combined."

Detection of structural anomalies within the gestational period
makes it possible to plan interventions during pregnancy or during
the immediate and early postpartum period, thereby reducing
perinatal and infant morbidity and mortality.'*** In addition, early
detection facilitates multidisciplinary planning for maternal-fetal
interventions that may be required during the gestational period

and provides greater information for parents and relatives.'®

OBJECTIVE
The objective of the present study was to assess the fetal anoma-
lies diagnosed using ultrasound in the first, second and third tri-

mesters of pregnancy.

METHODS

Study design, setting and ethics
This retrospective cohort study evaluated prenatal ultrasound
examinations performed at the Mdrio Palmério University
Hospital of the University of Uberaba (Universidade de Uberaba,
UNIUBE) from March 2014 to December 2016.

The present study was approved by the Research Ethics Committee
of UNIUBE (August 24, 2017; CAAE: 73231517.9.0000.5145).
The need for informed consent was waived due to the retrospec-

tive nature of the present study.

Ultrasound evaluations and measurements
Ultrasound data were extracted using the Astraia software
(Astraia Software GmbH, 2000-2015, Munich, Germany) and
were divided into three groups: first trimester (11-13 + 6 weeks),
second trimester (20-24 weeks) and third trimester (32-36 weeks).
The ultrasound findings were confirmed during the postna-
tal period through physical examination of the newborn or imag-
ing examinations, or via necropsy in cases of death. The objective
of the present study was to detect structural abnormalities using
prenatal ultrasound examination; however, such examinations are

unable to confirm syndromic diagnoses.

Participants and anomaly detection

Women with singleton pregnancies in which gestational age had
been established using the date of the last menstrual period and
was confirmed through ultrasound in the first trimester were

included in this study. Cases of major and minor anomalies

identified through ultrasound, together with clinical evaluation
or complementary imaging tests in the postnatal period, were
included. Participants who underwent first-trimester ultrasound
examinations but not second-trimester ultrasound examinations
were not excluded from the present study: such participants were
reevaluated during the third trimester of pregnancy. The exclu-
sion criteria for the present study were the following: (1) cases of
fetal death; (2) ultrasound examinations performed after a diag-
nosis of fetal anomaly was made, if no other fetal anomalies had
been diagnosed during previous examinations; (3) cases of preg-
nant women who underwent second trimester scans only, with-
out a third trimester scan; and (4) twin pregnancies.

Major anomalies were defined as those that were considered
to be lethal, severe or moderate. Minor anomalies were defined
as abnormalities that would be excluded from the European
Surveillance of Congenital Anomalies registry given that their

medical, functional and esthetic consequences would be minor."”

Ultrasound examinations

Ultrasound examinations were performed by three experienced
examiners with at least five years of experience of using a Voluson
E6 device (General Electric Healthcare, Zipf, Austria) equipped with
a convex volumetric transducer (RAB4-6L) and operated via the
abdominal route. First, second and third-trimester scans were per-
formed in accordance with the guidelines of the International Society
of Ultrasound in Obstetrics and Gynecology.*'* When required, a
complementary examination via the transvaginal route was per-
formed using a volumetric endocavitary transducer (RIC5-9-D).

In accordance with our department’s protocol, second-tri-
mester examinations (20-24 weeks) and third-trimester examina-
tions (32-36 weeks) were offered to all pregnant women after an
initial first-trimester ultrasound examination (11-13 + 6 weeks).
The follow-up for fetuses that were found to have structural defects
was individualized according to the structural defect identified.
The structural anomalies thus detected were divided into eight
groups according to the following body systems: central nervous
system; face and nape of neck; thorax; heart; gastrointestinal tract;
genitourinary tract; skeleton; and others. This last group included

anomalies of body systems other than those listed above.

Sample size and statistical analysis
Case recruitment was guided by an expected 3% prevalence of
fetal structural anomalies, in a screening cohort with an esti-
mated 50% sensitivity for fetal anomaly detection. We planned to
recruit approximately 600 participants in each group, to achieve
a sampling error of approximately 4% for sensitivity. Thus, this
sample would have 80% power to detect fetal anomalies.

The data were transferred to Excel 2010 spreadsheets (Microsoft
Corp., Redmond, WA, USA) and were analyzed using the Statistical



Package for the Social Sciences (SPSS) software, version 14.0 (SPSS
Inc., Chicago, IL, USA). The following variables were evaluated:
maternal age, weight, height, body mass index, number of pregnan-
cies, parity, number of miscarriages, newborn weight, race, history
of smoking and alcohol use, history of folic acid use before and
during pregnancy, chronic diseases, diseases that started during
gestation, history of consanguinity, history of structural abnormal-
ities in previous gestations and/or in the family, type of childbirth
and type and location of the structural defect.

Quantitative variables were evaluated using the Kolmogorov-
Smirnov test and were presented as means and standard deviations.
Categorical variables were evaluated using absolute and percentage
frequencies and were presented in tables. The primary outcome
measurements were the sensitivity, specificity, positive predictive
value and negative predictive value for detection of fetal anomalies
and their prevalence. To perform the calculations, comparison was
made between the findings from the ultrasound examination and

the clinical and imaging examinations on the neonate after delivery.

RESULTS
A total of 3,377 ultrasound examinations were performed in the

prenatal period. A total of 699 examinations were excluded: 44

due to twin pregnancies and 655 because the delivery did not
take place in our service and/or the patient was lost to follow-up.
Thus, a total of 2,678 examinations were included in the pres-
ent statistical analysis. These were divided into three groups, per-
formed at 11-13 + 6 weeks (n = 1,102), 20-24 weeks (n = 683) and
32-36 weeks (n = 893) (Figure 1).

After application of our inclusion and exclusion criteria, it was
found that only 18.6% (498/2,678) of these women underwent ultra-
sound examination in all three trimesters. The percentages of the
women who underwent ultrasound examination in the first trimester
alone, second trimester alone and third trimester alone were: 17.5%
(469/2,678), 8.7% (233/2,678) and 21.2% (568/2,678), respectively.
However, 8.5% (228/2,678) underwent ultrasound examination in the
first and second trimesters; 11.5% (308/2,678) in the first and third
trimesters; and 14.0% (375/2,678) in the second and third trimesters.

The clinical and epidemiological characteristics of the study
population are shown in Tables 1 and 2.

The total rates of structural abnormalities detected in the prena-
tal period and at birth were 2.95% (79/2,678) and 7.24% (194/2,678),
respectively. The rates of structural defects diagnosed using ultra-
sound in the first, second and third trimesters were 1.2% (13/1,102),
4.4% (30/683) and 4.0% (36/893), respectively.

—
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(655)

First trimester
11-13 + 6 weeks
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Second trimester
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Figure 1. Flowchart of cases included and excluded during the study period.

Table 1. Clinical characteristics of the maternal population studied

. First trimester
Characteristic

Second trimester Third trimester

Mean SD (Min-Max) Mean SD (Min-Max) Mean SD (Min-Max)
Age (years) 27.14 +6.55 (14-45) 26.79 +6.72 (14-45) 26.97 +6.79 (13-45)
Weight (kg) 7241 1+16.58 (40.0-141.7) 71.89 +17.27 (40-148) 73.81 +16.80 (40-148)
Height (m) 161.79 +6.75 (106-180) 161.88 +6.52 (145-180) 161.57 +6.79 (106-180)
BMI (kg/m?) 27.75 +6.32 (15.6-89.0) 27.48 +6.32 (15.6-55.7) 28.55 +6.98 (17.1-96.3)
Number of pregnancies 3.26 +1.26 (2-8) 3.53 +1.67 (2-11) 3.41 +1.57 (2-11)
Parity 0.97 +1.08 (0-5) 1.12 +1.17 (0-5) 1.14 +1.23 (0-6)
Number of abortions 1.34 +0.75 (0.6) 1.38 +0.96 (0-6) 1.25 +0.79 (0-6)
Newborn weight (g) 3,035.88 +550.7 (820-4,044) 3,081.57 +578 (820-4,525) 3,016.6 +609.1 (1,410-4,525)

SD = standard deviation; Min-Max = minimum-maximum; BMI = body mass index.



Table 2. Ethnicity, personal antecedents, pre-existing diseases and type of delivery of the study population

. First trimester Second trimester Third trimester
Characteristics
n/N (%) n/N (%) n/N (%)

Ethnicity

White 514/1,102 (46.6) 308/683 (45.1) 386/893 (43.2)

Black 155/1,102 (14.1) 106/683 (15.5) 137/893 (15.3)

East Asian 8/1,102 (0.7) 5/683 (0.7) 3/893 (0.3)

South Asian 0/1,102 (0) 1/683 0.1) 1/893 0.1)

Mixed 298/1,102 (27.0) 215/683 (31.5) 275/893 (30.8)

Not informed 127/1,102 (11.5) 48/683 (7.0 91/893 (10.2)
Smoking

Yes 52/1,102 4.7) 46/683 (6.7) 83/893 (9.3)

No 997/1,102 (90.5) 630/683 (92.2) 787/893 (88.1)

Quit 1/1,102 (0.1) 1/683 (0.1) 2/893 (0.2)

Not informed 52/1,102 (4.7) 6/683 (0.9) 21/893 (2.4)
Alcohol

Yes 10/1,102 (0.9) 13/683 (1.9) 19/893 (2.1)

No 1033/1,102 (93.7) 660/683 (96.6) 849/893 (95.1)

Quit 4/1,102 (0.4) 3/683 (0.4) 2/893 0.2)

Not informed 55/1,102 (5.0) 7/683 (1.0 23/893 (2.6)
Folic acid (before pregnancy)

Yes 92/1,102 (8.3) 42/683 (6.1) 54/893 (6.0)

No or not informed 1010/1,102 (91.7) 641/683 (93.9) 839/893 (94.0)
Folic acid (during pregnancy)

Yes 666/1,102 (60.4) 383/683 (56.1) 429/893 (48.0)

No or not informed 436/1,102 (39.6) 300/683 (43.9) 464/893 (52.0)
Diabetes mellitus

Type 1 3/1,102 (0.3) 1/683 (0.1) 2/893 (0.2)

Type 2 4/1,102 (0.4) 3/683 (0.4) 3/893 (0.3)

GDM 59/1,102 (5.4) 38/683 (5.6) 64/893 (7.2)

Others 14/1,102 (1.3) 7/683 (1.0) 5/893 (0.6)

No or not informed 1022/1,102 (92.7) 634/683 (92.8) 819/893 (91.7)
Hypertension

CAH 52/1,102 (4.7) 37/683 (5.4) 55/893 (6.2)

GH 7/1,102 (0.6) 8/683 (1.2) 20/893 (2.2)

Hypertensive peak 1/1,102 (0.1) 0/683 (0) 0/893 (0)

No or not informed 1042/1,102 (94.6) 638/683 (93.4) 818/893 (91.6)
Thyroid diseases

Gestational hypothyroidism 22/1,102 (2.0) 14/683 (2.0) 15/893 (1.7)

Previous hypothyroidism 1/1,102 (0.1) 0/683 (0) 1/893 (0.1)

Hypothyroidism 96/1,102 (8.7) 66/683 (9.7) 80/893 (9.0)

Hyperthyroidism 3/1,102 (0.3) 1/683 (0.1) 1/893 (0.1)

No or not informed 980/1,102 88.9 602/683 (88.1) 796/893 (89.1)
Consanguinity

Yes 15/1,102 (1.4) 5/683 (0.7) 8/893 (0.9)

No 874/1,102 (79.3) 575/683 (84.2) 703/893 (78.7)

Not informed 213/1,102 (19.3) 103/683 (15.1) 182/893 (20.4)
Familial or previous fetal abnormalities

Yes 19/1,102 (1.7) 13/683 (1.9) 15/893 (1.7)

No or not informed 1083/1,102 (98.3) 670/683 (98.1) 878/893 (98.3)
Type of delivery

Caesarean 752/1,102 (68.2) 415/683 (60.8) 557/893 (62.4)

Forceps 3/1,102 (0.3) 0/683 (0) 2/893 (0.2)

Vaginal 321/1,102 (29.1) 248/683 (36.3) 318/893 (35.6)

Not informed 26/1,102 (2.4) 20/683 (2.9 16/893 (1.8)

GDM = gestational diabetes mellitus; CAH = chronic arterial hypertension; GH = gestational hypertension; n/N = ratio between number of participants analyzed
with complete outcome and the total number of participants in each trimester of pregnancy.



The most frequently diagnosed fetal anomalies in the three
trimesters were in the genitourinary tract (27.9%, 22/79), heart
(17.7%, 14/79), gastrointestinal tract (14.0%, 11/79), skeleton
(11.4%, 9/79), single umbilical artery (11.4%, 9/79), central nervous
system (7.6%, 6/79), face and neck (7.6%, 6/79) and thorax (2.5%,
2/79). In the postnatal period, cardiac abnormalities were the most
common anomalies identified, accounting for 51.0% (99/194) of all
cases diagnosed. The cardiac septal defects observed included atrial
septal defect, ventricular septal defect and aneurysmal interatrial
septum. The valve defects diagnosed included single atrioventric-
ular valve, tricuspid insufficiency, mitral insufficiency, pulmonary
insufficiency and pulmonary valve stenosis. The cardiac cham-
ber defects included right ventricular dilatation, left ventricular
enlargement, dilatation of the right chambers, right ventricular
hypertrophy and hypoplastic right chambers (Table 3, Figure 2).

After cardiac abnormalities, the structural defects next most fre-
quently identified in the postnatal period were in the genitourinary
tract (11.8%, 23/194), central nervous system (8.8%, 17/194), face
and nape of the neck (8.8, 17/194), skeleton (7.7%, 15/194), single
umbilical artery (6.2%, 12/194), gastrointestinal tract (4.6%, 9/194)
and thorax (1.0%, 2/194) (Table 3). The most common structural
defects identified in each body system were hydronephrosis, congen-
ital clubfoot, asymmetrical skull, left pulmonary sequestration, ovar-
ian cyst, atrial dimorphism and single umbilical artery, respectively.

Among the 2,678 ultrasound examinations included in the
present study, 79 structural abnormalities were diagnosed during
the prenatal period. Twenty-five anomalies were identified through
ultrasound examination and confirmed during the postnatal period,
while 54 anomalies were identified through ultrasound examina-
tion but not confirmed during the postnatal period. Of the 2,678
ultrasound examinations, 2,599 were unremarkable in the pre-
natal period. Of these, 2,430 were unremarkable in both the pre-
natal and postnatal periods. In contrast, 169 anomalies were not
detected through ultrasound but were identified in the postnatal
period (Table 4).

The sensitivity, specificity, positive predictive value, negative
predictive value, accuracy, positive likelihood ratio and negative
likelihood ratio of ultrasound examinations for diagnosing struc-
tural defects in the first trimester were 14.06%, 98.65%, 39.13%,
94.90%, 93.73%, 10.0 and 0.87, respectively. The sensitivity, speci-
ficity, positive predictive value, negative predictive value, accuracy,
positive likelihood ratio and negative likelihood ratio of ultrasound
examinations for diagnosing structural defects in the second trimes-
ter were 27.78%, 98.14%, 45.45%, 96.06%, 94.43%, 14.6 and 0.73,
respectively. The sensitivity, specificity, positive predictive value,
negative predictive value, accuracy, positive likelihood ratio and
negative likelihood ratio of ultrasound examinations for diagnos-
ing structural defects in the third trimester were 23.91%, 97.76%,
36.67%, 95.94%, 93.95%, 10.9 and 0.78, respectively (Table 5).

DISCUSSION

The present study evaluated the fetal structural abnormalities in
an unselected population, using prenatal ultrasound in the first,
second and third trimesters of pregnancy. The international clas-
sification of diseases of the World Health Organization aims to
classify these structural defects according to etiology or patho-
genetic mechanism."” However, in the present study, structural
abnormalities were classified according to the body systems in
which they occurred, in order to determine the systems that were
most frequently affected in an unselected population.

The prevalence of structural defects was 2.95% during the pre-
natal period and 7.24% during the postnatal period. Oakley et al.!
reported that the prevalence of fetal anomalies at birth ranged from
2% to 5% in general populations. In the United States and Europe,
the rates of fetal anomalies at birth have been reported to be 3.0%
and 2.4%, respectively.*?' In Saudi Arabia, the prevalence of fetal
anomalies at birth was reported to be 4.6%.>

The primary factors that affect the prevalence of fetal anomalies
in different populations are consanguinity, use of assisted repro-
duction techniques, tobacco exposure, air pollution, water con-
tamination and pesticide and agrochemical exposure.” The rates
of consanguinity and smoking described in Brazilian populations
have been lower than those in other countries.”** We postulate
that the higher prevalence of structural defects observed in the
present study (higher than observed in North America, Europe
and Saudi Arabia) may have arisen through assessment of cases
referred to a tertiary-level healthcare center, instead of cases within
a general population.

The prevalences of structural abnormality types vary according
to the population assessed and the time of diagnosis. Molina-Giraldo
et al* conducted a study in Bogota, Colombia, and found that the
most common fetal anomalies at birth were those of the central ner-
vous system. Sallout et al.** reported that genitourinary tract anom-
alies were the most frequently diagnosed fetal anomalies during the
prenatal period and at birth in Saudi Arabia. In the present study, gen-
itourinary tract and cardiac anomalies were the most frequently diag-
nosed anomalies during the prenatal period and at birth, respectively.

The rate of detection of fetal cardiac defects has been reported
to be low and dependent on the study population.’** The sensi-
tivity of fetal echocardiography for diagnosing cardiac anomalies
was found to be 33.9% in low-risk populations and 68.8% in high-
risk populations,” with septal defects accounting for the major-
ity of cases of diagnostic failure.? The high frequency of genito-
urinary tract anomalies observed in the present study may have
been due to their greater ease of detection through ultrasound, in
comparison with defects of other body systems such as the heart
and central nervous system.

During the first trimester of pregnancy, the sensitivity of ultra-

sound for detecting fetal anomalies in the present study ranged



Table 3. Structural abnormalities detected using ultrasound in the three trimesters of pregnancy, according to fetal body system

Detection rate - n (%)

Body systems/malformations Total number of Postnatal
First trimester Second trimester Third trimester L. n (%)
US examinations
CNS 0 (0) 3 (10.3) 3 (8.4) 6(7.6) 17 (8.8)
Macrocrania 0 (0) 1 (3.4) 0 (0) 1(1.3) 3(1.6)
Ventriculomegaly 0 (0) 2 (6.9) 2 (5.6) 4 (5.0) 2(1.0)
Hyperechoic lesions 0 (0) 0 (0) 0 (0) 0(0) 2(1.0)
Choroid plexus cyst 0 (0) 0 (0) 0 (0) 0(0) 4(2.1)
Cerebellar hypoplasia 0 (0) 0 (0) 1 2.8 1(1.3) 0(0)
Craniotabes/asymmetric skull 0 (0) 0 (0) 0 (0) 0(0) 6(3.1)
Face and nape of neck 2 (14.2) 0 (0) 4 (11.2) 6(7.6) 17 (8.8)
Ocular hypertelorism 0 (0) 0 (0) 0 (0) 0(0) 2(1.0)
Dysmorphic ear 0 (0) 0 (0) 0 (0) 0(0) 5(2.6)
Micrognathia 0 (0) 0 (0) 1 (2.8) 1(1.3) 2(1.0)
Flat face 0 (0) 0 (0) 1 (2.8) 1(1.3) 0(0)
Increased nuchal fold 1 (7.1) 0 (0) 1 (2.8) 2(2.5) 5(2.6)
Cystic hygroma 1 (7.1) 0 (0) 1 (2.8) 2(2.5) 0(0)
Ogival palate 0 (0) 0 (0) 0 (0) 0(0) 1(0.5)
Cleft lip 0 (0) 0 (0) 0 (0) 0(0) 1(0.5)
Cleft palate 0 (0) 0 (0) 0 (0) (0) 1(0.5)
Chest 0 (0) 0 (0) 2 (5.6) 2(2.5) 2(1.0)
Congenital diaphragmatic hernia 0 (0) 0 (0) 1 2.8) 1(1.3) 0(0)
Lung sequestration 0 (0) 0 (0) 1 (2.8) 1(1.3) 2(1.0)
Heart 0 0 9 (31.0) 5 (14.0) 14 (17.7) 99 (51.0)
Septal defect 0 (0) 2 (6.9) 2 (5.6) 4 (5.0) 76 (39.2)
Valve defects 0 (0) 1 (3.4) 1 (2.8) 2(2.5) 12(6.2)
Coarctation of the aorta 0 (0) 0 (0) 0 (0) 0(0) 2(1.0)
Heart chamber defect 0 (0) 3 (10.3) 1 (2.8) 4 (5.0) 7 (3.6)
Double-outlet right ventricle 0 (0) 1 (3.4) 0 (0) 1(1.3) 1(0.5)
Pericardial effusion 0 (0) 2 (6.9) 1 (2.8) 3(3.8) 1(0.5)
GIT 2 (14.2) 4 (13.7) 5 (14.0) 11(14.0) 9(4.7)
Gastroschisis 0 (0) 0 (0) 1 (2.8) 1(1.3) 1(0.5)
Omphalocele 0 (0) 0 (0) 1 (2.8) 1(1.3) 3(1.6)
Ascites 1 (7.1) 0 (0) 0 (0) 1(1.3) 0(0)
Abdominal cyst 0 (0) 0 (0) 1 (2.8) 1(1.3) 0(0)
Ovarian cyst 0 (0) 1 (3.4) 0 (0) 1(1.3) 5(2.6)
Duodenal atresia (double bubble sign) 1 (7.1) 0 (0) 0 (0) 1(1.3) 0(0)
Esophageal atresia (collapsed stomach) 0 0) 2 (6.9) 2 (5.6) 4 (5.0) 0(0)
Hepatic calcifications 0 (0) 1 (3.4) 0 (0) 1(1.3) 0(0)
GUT 3 (21.4) 9 (39.1) 10 (27.8) 22 (27.9) 23(11.8)
Renal cyst(s) 0 (0) 1 (3.4) 0 (0) 1(1.3) 3(1.6)
Renal dysplasia 1 (7.1) 1 (3.4 0 (0) 2(2.5) 0(0)
Hydronephrosis 1 (7.1) 6 (42.9) 9 (25.0) 16(20.3) 14(7.2)
Pelvic kidney 0 (0) 1 (3.33) 1 (2.8) 2(2.5) 2(1.0)
Multicystic kidneys 0 (0) 0 (0) 0 (0) 0(0) 2(1.0)
Enlarged kidneys 0 (0) 0 (0) 0 (0) 0(0) 2(1.0)
Unilateral renal agenesis 0 (0) 1 (3.4) 0 (0) 1(1.3) 0(0)
Skeleton 3 (21.4) 1 (3.4) 5 (14.0) 9(11.4) 15(7.7)
Polydactyly 0 () 0 0) 1 (2.8) 1(1.3) 2(1.0)
Congenital clubfoot 1 (7.1) 1 (3.4) 3 (8.4) 5(6.3) 11(5.7)
Short long bones 0 (0) 0 (0) 1 (2.8) 1(1.3) 0(0)
Hand agenesis 2 (14.2) 0 (0) 0 (0) 2(2.5) 0(0)
Clubhand 0 (0) 0 (0) 0 (0) 0(0) 1(0.5)
Congenital dislocation of the knee 0 (0) 0 (0) 0 (0) 0(0) 1(0.5)
Others 4 (28.6) 3 (10.3) 2 (5.6) 9(11.4) 12 (6.2)
Single umbilical artery 4 (28.6) 3 (10.3) 2 (5.6) 9(11.4) 12(6.2)
Total 13 (100) 30 (100) 36 (100) 79 (100) 194 (100)

US = ultrasound; CNS = central nervous system; GIT = gastrointestinal tract; GUT = genitourinary tract.



from 13.0% to 43.6%. The detection rate was much higher whena  ultrasound and decreased quantities of amniotic fluid.** To date,
detailed morphological protocol was adopted, such that up to 76.3%  few studies have evaluated the sensitivity of ultrasound for diag-
of major structural defects were detected. A previous studyinagen-  nosing fetal anomalies in the third trimester.’** However, this

eral population reported a first-trimester detection rate of 90% for
Table 4. Number of cases diagnosed and not diagnosed through ultrasound,

complex congenital heart disease (either alone or in association with ) ; ) :
relative to the number of cases diagnosed in the postnatal period

extracardiac abnormalities) and 69.5% for complex central nervous — —
Postnatal examination (+) Postnatal examination (-)

Ultrasound (+) 25 54
Ultrasound (=) 169 2,430

Postnatal examination (+): with fetal anomaly; Postnatal examination (-): without fetal
cally more challenging due to fetal growth, poor imaging with static ~ anomaly; Ultrasound (+): with fetal anomaly; Ultrasound (-): without fetal anomaly.

system anomalies.” The sensitivity of ultrasound has been found
to be higher in the second trimester, ranging from 21% to 85%.°*

Detection of fetal anomalies in the third trimester is techni-

1,102 in first trimester

13 fetal anomalies:
1 - Increased nuchal fold
1 - Cystic hygroma

1 - Ascites
1 - Duodenal atresia
(double bubble sign)

1 - Renal dysplasia

1 - Hydronephrosis

1 - Congenital clubfoot

2 — Hand agenesis

4 - Single umbilical artery

|
3 fetal anomalies in
postnatal period:
3 - Single umbilical artery

2,678 US examinations included

683 in second trimester

30 fetal anomalies:

1 - Macrocrania

2 - Ventriculomegaly

2 — Septal defects

1 - Valve defects

3 - Heart chamber defect

1 - Double outlet right ventricle

2 - Pericardial effusion

1 - Ovarian cyst

2 - Esophageal atresia
(collapsed stomach)

1 - Liver calcifications

1 - Renal cyst

1 - Renal dysplasia

1 - Pelvic kidney

6 - Hydronephrosis

1 - Unilateral renal agenesis

1 - Congenital clubfoot

3 - Single umbilical artery

13 fetal anomalies in
postnatal period:

1 - Macrocrania

1 - Ventriculomegaly

1 - Septal defects

4 - Hydronephrosis

1 - Pelvic kidney

3 - Congenital clubfoot

1 - Single umbilical artery

893 in third trimester

36 fetal anomalies:

2 - Ventriculomegaly

1 - Cerebellar hypoplasia
1 - Micrognathia

1 - Flat face

1 - Increased nuchal fold
1 - Cystic hygroma

1 - Congenital diaphragmatic hernia

1 - Lung sequestration

2 — Septal defects

1 - Valve defects

1 - Heart chamber defect

1 - Pericardial effusion

1 - Gastroschisis

1 - Omphalocele

1 - Abdominal cyst

2 - Esophageal atresia
(collapsed stomach)

9 - Hydronephrosis

1 - Pelvic kidney

1 - Polydactyly

3 — Congenital clubfoot

1 - Short long bones

2 - Single umbilical artery

11 fetal anomalies in
postnatal period:

1 - Micrognathia

2 — Septal defect

1 - Valve defect

1 - Heart chamber defect
1 - Gastroschisis

1 - Ovarian cyst

2 - Hydronephrosis

1 - Congenital clubfoot

1 - Single umbilical artery

Figure 2. Flowchart of ultrasound (US) examinations among the cases included, according to trimester.




examination has an important role in identifying defects, partic-
ularly those of the central nervous system and genitourinary tract
that do not develop or become evident before the third trimester.?*
Manegold et al.** evaluated 8,074 ultrasound examinations in a pro-
spective study over the three trimesters of pregnancy. They found
an additional 15% of fetal defects in the third trimester, especially
in the genitourinary tract, heart and gastrointestinal tract. In the
present study, the sensitivity of ultrasound in the first, second and
third trimesters for detecting structural abnormalities was 14.06%,
27.78% and 23.91%, respectively.

According to Eureniuns et al.,*® variability in the reported
sensitivity of ultrasound may be due to differences in the study
design, type of clinical center involved, examiners” experience and
definitions used to classify the anomalies. The low sensitivity of
ultrasound observed in the present study may have resulted from
the inclusion of fetal anomalies such as septal and valve defects
and the absence of 11 complex cardiac abnormalities, which were
excluded due to alack of postnatal results in our center’s database.
These defects are often small and/or transitory.” Chitty et al.*
indicated that only clinically significant cardiac defects should be
included when assessing the ability of ultrasound to detect struc-
tural defects. Despite this recommendation, simple cardiac defects
and other defects such as congenital dislocation of the knee and
ogival palate were present in the present study to evaluate the lim-
itations of ultrasound for diagnosing fetal anomalies.

The specificity, negative predictive value and accuracy of ultra-
sound for identifying fetal structural anomalies were high in all
three trimesters of pregnancy, despite low sensitivity and positive
predictive value values. These results demonstrate that ultrasound
is a reliable method for confirming structural defects and for reas-
suring examiners and pregnant women with normal results. The low
positive predictive value may be explained by the low prevalence
of fetal anomalies in the present study sample.

The limitations of the present study were its exclusion of a large
number of cases due to loss of follow-up and lack of postnatal results,
its small number of cases with fetal anomalies and its retrospective
nature. It was not possible to determine the cumulative accuracy

of ultrasound, since not all the cases included had a first-trimester

Table 5. Sensitivity, specificity, positive predictive value, negative
predictive value and accuracy of ultrasound in the first, second and
third trimesters of pregnancy

Trimester Sensitivity Specificity PPV NPV  Accuracy +LH -LH
First 14.06% 98.65% 39.13% 94.90% 93.73% 10.0 0.87
Second 27.78% 98.14% 45.45% 96.06% 94.43% 146 0.73
Third 23.91% 97.76% 36.67% 9594% 93.95% 109 0.78

PPV = positive predictive value; NPV = negative predictive value; +LH = positive
likelihood ratio; -LH = negative likelihood ratio.

scan. Furthermore, first-trimester scans have not been established as
routine by the Brazilian Ministry of Health.* We carefully excluded
from the analysis all fetal anomalies that were repeatedly reported
in subsequent scans, in order to avoid inconsistencies in the accu-
racy of the first, second and third trimester scans.

The strength of the present study was its inclusion of an unse-
lected population in a single center, which resulted in a high fol-

low-up rate during pregnancy.

CONCLUSION

In summary, ultrasound is a reliable tool for counseling the par-
ents of children with severe fetal anomalies that are associated
with high rates of morbidity and mortality. However, the low sen-
sitivity of ultrasound in detecting fetal anomalies in unselected
populations limits its utility for providing reassurance to exam-

iners and pregnant women with normal results.
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