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A normal second-trimester ultrasound does not exclude
intracranial structural pathology
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ABSTRACT

Objective To report the prenatal diagnosis and management
of 34 fetuses with various intracranial structural pathologies
diagnosed following a normal second-trimester ultrasound
examination.

Methods We retrospectively reviewed the images of 203
abnormal central nervous system ultrasound examinations
performed between 13 and 37 weeks of gestation at our pre-
natal diagnosis unit. In 34 (16.7%) of them at least one pre-
vious second-trimester ultrasound examination had been
performed and considered normal. These 34 fetuses repre-
sent the study group.

Results The following intracranial pathologies were diag-
nosed: dysgenesis of the corpus callosum, ventriculomegaly,
cerebral cysts or hemorrhage, migrational disorders, vermian
dysgenesis, arachnoid cysts, macrocephaly, enlarged sub-
arachnoid space, brain calcifications and microcephaly.

Conclusion A normal second-trimester ultrasound scan
does not rule out significant intracranial anomalies. Parents
and physicians should be informed about the limitations
of second-trimester sonography as far as brain diagnosis is
concerned. A repeat third-trimester scan may enable more
accurate diagnosis and counseling.

INTRODUCTION

The human fetal brain develops throughout pregnancy.
Major developmental events occur during the second half
of gestation and include neuronal proliferation, migration
and organization'. Therefore, a second-trimester ultrasound
examination, routinely performed between 19 and 22 weeks,
may fail to detect pathological conditions associated with
later events. Often, neither the patient nor the physician is

aware of the fact that a normal second-trimester ultrasound
examination of the fetal brain does not necessarily signify
that the newborn will be free of an intracranial anomaly.

Although the prenatal diagnosis of some of these intra-
cranial pathologies has been reported, there are no published
studies encompassing prenatal diagnosis of late developing
brain events. We performed a retrospective study of all
intracranial pathologies seen at our prenatal diagnosis unit in
which at least one of the previous ultrasound examinations,
performed during the second trimester, had been considered
normal. Thirty-four fetuses fulfilled this criterion and they
constitute the study group.

METHODS

The prenatal diagnosis unit at the Edith Wolfson Medical
Center is a referral ultrasound laboratory that provides
consultation to community-based ultrasound services and
provides second-opinion consultation in the field of fetal neuro-
sonography. The referring physicians are all board-certified
obstetricians with special training in obstetric ultrasound.

Between January 1990 and January 2000, central nervous
system anomalies were diagnosed in 203 fetuses (Table 1).
Most abnormalities were identified at the time of the second-
trimester ultrasound examination. In 34 fetuses (16.7%) the
diagnosis of a major intracranial abnormality was only made
in a subsequent examination. This group of fetuses is the sub-
ject of this report. The findings in two of these patients have
been reported previously?.

In 25 fetuses the second-trimester ultrasound was com-
pletely normal according to the written report and/or review
of the ultrasound images and the cause of referral was either
an abnormality detected in a subsequent, routine, follow-up
scan (n = 21) or poor visualization of the fetus due to mater-
nal obesity or fetal position (n=4). Eight patients were
referred because of some form of variant of the norm which
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Table 1 Main diagnosis in 203 fetuses with central nervous system
pathology

Main diagnosis Total (n (%)) Late diagnosis (n)

Hydrocephalus—ventriculomegaly 55 (27.1) 6
Open neural tube defect 42 (20.7) —
Anencephaly 34 (16.6) —
Posterior fossa anomaly* 23 (11.3) 2
Corpus callosum anomaly 13 (6.4) 10
Holoprosencephaly 11 (5.4) —
Signs of intrauterine infectiont 7(3.5) 4
Cerebral cysts 4(2.0) 4
Hemorrhaget 3(1.5) 2
Macrocephaly 3(1.5) 3
Microcephaly 3(1.5) 1
Craniosynostosis 3(1.5) —
Migration disorder 1(0.5) 1
Brain atrophy 1(0.5) 1

*Posterior fossa anomalies include: vermian dysgenesis, cerebellar
hypoplasia, cerebellar agenesis, mega cisterna magna, and arachnoid
cyst. tSigns of intrauterine infection include: parenchymal calcifications,
intraventricular adhesions, and striatal artery hyperechogenicity.
tHemorrhage includes: intraventricular and cerebellar hemorrhage.

was observed in the second-trimester ultrasound. These find-
ings included: asymmetrical lateral ventricles (# = 4), lateral
ventricle size at the upper range of the normal (# = 3) and
bilateral choroid plexus cysts (7 =1). One patient was
referred because of oligohydramnios.

Twenty-two patients were diagnosed among our own
patients and 12 were referred from other hospitals for a
second-opinion consultation.

The sonographic equipment used included an Elscint 1000
(Elscint, Haifa, Israel) and an HDI 3000 (ATL, Bothell, WA,
USA) with 3.5- and 5-MHz transabdominal probes and 6.5-
and 4-8-MHz transvaginal probes. The same examiner
(G.M.) performed all the examinations.

All patients underwent a transabdominal targeted ultra-
sound examination. The brain was studied using axial and
coronal planes. In 32 patients a transvaginal examination of
the fetal brain was possible and coronal and sagittal planes
were obtained.

Gestational ages at the time of the last normal examination
ranged from 15 to 28 (mean, 21.5) weeks, and at diagnosis of
the intracranial pathology from 22 to 37 (mean, 29) weeks.

The patients received counseling by a team that included a
perinatologist, a geneticist and a pediatric neurologist and in
selected cases a pediatric neurosurgeon. Maternal TORCH
screen, fetal karyotype and polymerase chain reaction for
cytomegalovirus (CMV) were performed when relevant.

In Israel, termination of second- and third-trimester preg-
nancies is permitted by law, pending approval by one of 12
special ethics committees accredited by the Ministry of Health.
Patients wishing to terminate the pregnancy were referred
to one of these committees. Pathological examination was
obtained after fetal or neonatal death upon parental consent.

Postnatal evaluation and brain imaging were performed in
all surviving infants. Periodic follow-up was carried out at the
child neurology clinic.
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RESULTS

Of the study group, isolated intracranial pathology was iden-
tified in 22 fetuses, while multiple intracranial abnormalities
were present in 12. The main diagnosis of intracranial patho-
logies at the index scan is presented in Table 1 and the overall
pathologies at the index scan included: dysgenesis of the cor-
pus callosum (7 = 11), severe ventriculomegaly (z = 5) and
mild ventriculomegaly (7 = 6), cerebral cyst or hemorrhage
(n = 6), migration disorders (1 = 6), vermian dysgenesis (z = 5),
arachnoid cysts (z = 3), macrocephaly (n = 3), enlarged sub-
arachnoid space (n = 2), brain calcifications (z = 4), micro-
cephaly (7 = 1) and brain atrophy (n = 1) (Table 2).

A diagnosis of migration disorder was made based on the
finding of an abnormal sulcation pattern related to the gesta-
tional age and/or the presence of a thickened, irregular cortical
ribbon. Brain atrophy was diagnosed based on an enlarged
subarachnoid space with a normal head circumference?.

Nine fetuses had associated malformations of other organs:
cleftlip (7 = 1), clubfoot (1 = 2), micrognathia (n = 1), skeletal
dysplasia (n =2), hepatic abnormality (n =2) and cardiac
anomaly (n = 1). Intrauterine growth restriction was observed
in five fetuses.

The maternal TORCH screen was positive in four patients
including elevated IgM for CMV (n = 3) and syphilis (7 = 1).
The fetal karyotype was obtained in 14 cases and found to be
normal. In two patients CMV infection was confirmed by
polymerase chain reaction of the amniotic fluid.

The option for termination of pregnancy was offered to 20
patients. Two of these, one whose fetus had enlarged sub-
arachnoid spaces due to brain atrophy and one whose fetus
had incomplete vermian agenesis, decided to continue the
pregnancy for religious reasons. The ethics committee denied
pregnancy termination in the fetus with microcephaly. In two
patients intrauterine fetal death occurred before termination.
Selective feticide was proposed in one case but the family
elected to continue the pregnancy.

In 15 patients termination of pregnancy was performed:
four cases with severe hydrocephalus, six of the cases with
corpus callosum pathologies, one of the cases with incom-
plete vermian agenesis, three cases with CMV, and one case
with hemimegalencephaly and polymicrogyria.

Intrauterine fetal death occurred in five cases: two cases
with corpus callosum pathologies and three cases with fetal
intracranial hemorrhage.

Fourteen patients delivered live neonates. Early neonatal
death occurred in the patient with congenital syphilis and in the
patient with a suprasellar cyst, germinolysis and micrognathia.

The 12 survivors included two infants with isolated corpus
callosum pathology, one with isolated incomplete vermian
agenesis, two with nodular heterotopia, one with micro-
cephaly, three with macrocephaly, one with enlarged sub-
arachnoid spaces, one with fetal periventricular hemorrhage
and one with a prenatal stroke who later developed a simple
porencephalic cyst.

At the time of writing, seven infants were developing nor-
mally, atages ranging from 1 to 10 (mean, 5) years. The child
who had had a prenatal stroke suffers from left hemiparesis
and one of the children with nodular heterotopia suffers from
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Table 2 Continued

Index scan
GA

First scan

GA

Postnatal evaluation

Follow-up

Findings

(weeks)

(weeks) Findings

Case

PM: disseminated CMYV infection

CMYV amnio,
TOP

Ventriculomegaly, dysplastic CC, hypoplastic

vermis, polymicrogyria, [UGR

29

Normal

22

29

PM: disseminated CMYV infection

CMYV amnio,
TOP

Intraventricular adhesions, diffuse focal
intracerebral calcifications, [UGR

25

Normal

19

30

PPND PM: syphilis

Delivered

Normal, suspected VSD (ruled out) 34 IUGR, asymmetrical ventricles, intraventricular

22

31

adhesions, striatal artery vasculopathy, pachygyria,

hepatosplenomegaly

MRI: migrational disorder, hypolastic CC
PM: hemimegalencephaly, polymicrogyria

PM: unilateral hydrocephalus, mega

cisterna magna

PPND

TOP

Thick and irregular occipital parenchyma, focally
abnormal gyri, suspected hemimegalencephaly
Thin occipital cortex, left calcarine asymmetry

Unilateral ventriculomegaly, large CM

25.5

MRI: asymmetrical ventricles

22
23

32

TOP

26
28
33

Asymmetrical ventricles

22

33

Delivered

Suprasellar cyst, germinolysis, micrognathia, [UGR

Normal twins

22

34

GA, gestational age; LVW, lateral ventricle width; VSD, ventricular septal defect; ACC, agenesis of the corpus callosum; AV, atrioventricular; CC, corpus callosum; IVH, intraventricular hemorrhage;

IUGR, intrauterine growth restriction; CM, cisterna magna; TOP, termination of pregnancy; IUFD, intrauterine fetal death; CMV, cytomegalovirus; amnio, amniotic fluid diagnosis; PM, post mortem

examination; CT, computed tomography; MRI, magnetic resonance imaging; PPND, post partum neonatal death.

Malinger et al.

epilepsy; both have normal intelligence. The remaining three
have moderate to severe developmental delay: one with cor-
pus callosum dysgenesis, one with Down syndrome and the
third with microcephaly (Table 2).

DISCUSSION

The detection of fetal intracranial pathologies poses a chal-
lenge for the sonographer. Misdiagnosis of a major mal-
formation or anomaly may lead to a burden on the family
and/or society. Maternal alpha-fetoprotein and ultrasound
screening are expected to detect most of these anomalies, but
the relatively large number of children with brain anomalies
only diagnosed postnatally and followed up in pediatric
neurology and developmental clinics prove that often
prenatal diagnosis is not satisfactory.

We identified major brain pathologies during ultrasound
examinations performed after a second-trimester ultrasound
examination had been considered normal or had only
revealed some form of variant of the norm. These findings
enabled accurate counseling and termination of pregnancy in
the severely affected fetuses.

In Israel, as in most countries, according to established
guidelines, the second-trimester systematic survey of the fetal
brain for the detection of anomalies requires the inclusion of
standard axial planes at the level of the thalami, lateral ven-
tricles and posterior fossa®. Therefore, a possible explanation
for the misdiagnosis of some of the intracranial pathologies
at the first scan may be that most sonographers put emphasis
on size and content of ventricles and cisterna magna rather
than on the brain itself. This has become the standard
approach since the 1989 study by Filly et al.* on 112 fetuses
with sonographically diagnosed brain anomalies. They
found that most of the prenatally diagnosed central nervous
system anomalies could be diagnosed by examining the
atrium of the lateral ventricle and the cisterna magna. How-
ever, the authors did not state the week of pregnancy in which
malformations were detected and did not provide data on the
number of children with brain anomalies in whom prenatal
diagnosis had not been performed and diagnosis was only
made postnatally. Reece and Goldstein® described similar
results in 131 cases of intracranial pathologies diagnosed
between 14 and 24 weeks of gestation but did not present
data on postnatal diagnosis. Our study demonstrates that
most but not all of the prenatally detectable brain pathologies
are accompanied by abnormal amounts of cerebrospinal
fluid.

Our study group may be influenced by a selection bias,
since 12 patients were referred from other hospitals in Israel
for a second opinion. Even when these cases are excluded, a
considerable number of fetuses (11.5%) were only diagnosed
late in pregnancy.

There are two groups of abnormalities that can only be
identified in the third trimester. The first group consists of
acquired lesions that develop only during this time period, for
example stroke, hemorrhage, infection and tumors. The sec-
ond group includes developmental anomalies which become
evident after the end of the proliferation and migration period
(2—-35 months of gestation) during rapid brain enlargement,
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for example lissencephaly, heterotopia, microcephaly/macro-
cephaly and hemimegalencephaly.

Fetal intracerebral hemorrhage has been increasingly
recognized in recent years. Although subdural, intraparen-
chymal, and subarachnoid hemorrhages have been described,
intraventricular hemorrhage (IVH) constitutes the single
most common type of antenatal intracranial bleeding®. Ante-
natal cases have been described from 20 weeks of gestation.
Maternal predisposing factors for all types of intracranial
hemorrhage include alloimmune and idiopathic thrombo-
cytopenia, Von Willebrand disease, maternal warfarin use,
maternal seizures, cocaine abuse, trauma, amniocentesis and
maternal fever. Fetal risk factors are coagulation disorders,
thrombophilia (in particular factor V Leiden mutation),
twin—twin transfusion, fetomaternal transfusion, fetal distress
and bleeding into an intracranial tumor’. Two cases in our
series developed IVH in later pregnancy. In Case 23 (Table 1)
there was intrauterine fetal demise following bilateral Grade IV
IVH at 37 weeks of gestation. In Case 26 a Grade I IVH was
detected following spontaneous fetal bradycardia at 34 weeks.

Antenatal ischemic stroke has also been recognized in
recent years. The main causes include thrombophilic states,
supraventricular tachycardia, cocaine abuse, intrauterine
infections and middle cerebral artery occlusion®’. However,
in many cases an etiology cannot be discerned. One of our
patients (Case 24) had a normal ultrasound scan at 28 weeks,
but a repeat examination 2 weeks later showed a large por-
encephalic cyst in the left parietal lobe giving rise to the pos-
sibility that the cyst had been present but was not diagnosed
at 28 weeks. Another fetus (Case 27) had a normal sonogram
at 20 weeks, but a repeat one at 23 weeks demonstrated a
small parietal hypoechogenic lesion with peripheral echo-
genic enhancement that developed into a porencephalic cyst
by 27 weeks. The neonate was delivered successfully and went
on to suffer from mild hemiparesis. Some thrombophilic states,
such as factor V Leiden mutation and antiphospholipid anti-
bodies, may also cause late pregnancy strokes!°.

Among intrauterine infections, CMV!!, syphilis'?> and
toxoplasmosis!® show a progressive course as pregnancy
continues. Cases 28-31 in our series exemplify this situation.

There are single case reports in the literature describing the
identification of migrational disorders prenatally by ultra-
sound. In most of them the brain anomaly was only diag-
nosed in the third trimester. We found three case reports on
hemimegalencephaly'*~!¢; two of the cases were discovered
after the 22nd week. We identified incipient hemimegalen-
cephaly based on the visualization of thickened, sausage-like
occipital brain parenchyma, focal abnormal sulcation and
enlargement of the ventricle (Case 32) at 25.5 weeks (Figure
1). A magnetic resonance image obtained 2.5 weeks previ-
ously showed asymmetrical ventricles but did not identify the
parenchymal abnormalities (Figure 2).

Lissencephaly has been described in one case at 24 weeks!”
and in two others at 32 weeks'8. We diagnosed lissencephaly
with associated anomalies (Case 10) at 30 weeks, based on
generalized abnormal sulcation with partial agenesis of
the corpus callosum. Schizencephaly has been described at
29 weeks!'” and at 32 weeks?’. The prenatal diagnosis of
heterotopia has been previously diagnosed at 23 weeks?!?2,

Ultrasound in Obstetrics and Gynecology
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Figure 1 Case 32 at25.5 weeks: parasagittal view (a) showing thick and
irregular occipital parenchyma (arrows) with ventriculomegaly, and
modified coronal view (b) showing abnormal gyri and sulci (arrows).
The calipers indicate the subarachnoid space.

In our two cases, the heterotopia was missed during the
second-trimester ultrasound examination.

Our study also demonstrates that dysgenesis of the corpus
callosum cannot be diagnosed accurately in the second tri-
mester by standard ultrasound. We diagnosed 11 cases of cal-
losal dysgenesis that were missed on previous examinations.
This pattern has been previously reported by Bennett et al.>>
who compared initial scans obtained at or before 22 weeks
of pregnancy and follow-up scans obtained in the third tri-
mester. Among 15 fetuses with callosal agenesis confirmed
by means of third-trimester scans, 10 had completely normal
ultrasound scans at 16-22 weeks and five had other ultra-
sound abnormalities.

Congenital intracranial tumors were not found among our
series, probably due to their extreme rarity; however, it is
important to remember that they too may not be diagnosed

during a routine second-trimester ultrasound examination®*,
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Figure 2 Fetal magnetic resonance image of the same patient as in
Figure 1 at 23 weeks: coronal view showing asymmetrical ventricles.

The diagnosis of intracranial abnormality was made in
ten fetuses in our study following demonstration of some
deviation from the norm at the second-trimester examination.
Alertness on the part of the sonographer to subtle abnormal
findings during the second-trimester scan, such as lateral
ventricular width in the upper range of the norm, asymmetrical
lateral ventricles, the presence of choroid plexus cysts and the
presence of oligohydramnios or polyhydramnios, should be
the basis for a specifically directed follow-up.

Our study demonstrates that a ‘routine’ third-trimester
ultrasound examination contributes to the diagnosis of some
rare intracranial structural pathologies. A third-trimester
ultrasound scan may also contribute to the diagnosis of mal-
formations of other systems, particularly congenital heart
defects, that may remain undiagnosed during the second-
trimester ultrasound examination. However, most of these
malformations will be amenable to surgery. Yagel et al.?’
found that 6.5% of cardiac malformations were detected
only during the third trimester and 14.9% were only diag-
nosed after delivery.

Clearly, fetal biometry, assessment of the placenta and the
biophysical profile are not sufficient to detect all intracranial
anomalies. Parents and physicians should be informed about
the limitations of second-trimester ultrasound scans in gen-
eral, and particularly as far as brain diagnosis is concerned,
with an understanding of the rarity of these anomalies.
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