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What are the novel findings of this work?

This study reports on the largest cohort of
cytomegalovirus (CMV)-infected fetuses with periventric-
ular echogenic halo in which targeted histopathological
examination of the fetal brain was performed. The halo
sign, when observed as an isolated finding, was detected
exclusively during the second trimester and was correlated
with mild ventriculitis and mild histopathological staging
of brain damage.

What are the clinical implications of this work?

In CMV-infected fetuses with isolated periventricular
echogenic halo in the second trimester, a detailed
neurosonographic follow-up every 3-4 weeks and com-
plementary magnetic resonance imaging are indicated.
The prognostic significance of'the halo sign as an isolated
finding is still to be determined.

ABSTRACT

Objective To'evaluate the correlation of periventricular
echogenic halo (halo sign) with histopathological findings
and its association with other brain imaging abnormalities
in fetuses with cytomegalovirus (CMYV) infection.

Methods This was a retrospective study of fetuses
diagnosed with severe CMYV infection based on central
nervous system (CNS) abnormalities seen on ultrasound,
which had termination of pregnancy (TOP) or fetal
demise at a single center from 2006 to 2021. All included
cases had been evaluated by conventional complete fetal
autopsy. A maternal-fetal medicine expert reanalyzed
the images from the transabdominal and transvaginal
neurosonography scans, blinded to the bhistological
findings. The halo sign was defined as the presence of
homogeneous periventricular echogenicity observed in all
three fetal brain orthogonal planes (axial, parasagittal
and coronal). Cases were classified according as to
whether the halo sign was the only CNS finding (isolated
halo sign) or concomitant CNS anomalies were present
(non-isolated halo sign). An expert fetal radiologist
reanalyzed magnetic resonance imaging (MRI) studies
when available, blinded to the ultrasound and histological
results. Hematoxylin—eosin-stained histologic slides were
reviewed independently by two experienced pathologists
blinded to the neuroimaging results. Ventriculitis was
classified into four grades (grades 0-3) according to
the presence and extent of inflammation. Brain damage
was categorized into two stages (Stage 1, mild; Stage II,
severe) according to the histopathological severity and
progression of brain lesions.
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Results Thirty-five CMV-infected fetuses were included
in the study, of which 25 were diagnosed in the second
and 10 in the third trimester. One fetus had intrauterine
demise and 34 TOP. The halo sign was detected on
ultrasound in 32 (91%) fetuses (23 in the second trimester
and nine in the third), and it was an isolated sonographic
finding in six of these cases, all in the second trimester.
The median gestational age at ultrasound diagnosis of
the halo sign was similar between fetuses in which this
was an isolated and those in which it was a non-isolated
CNS finding (22.6 vs 24.4weeks; P=10.10). In fetuses
with a non-isolated halo sign, the severity of additional
ultrasound findings was not associated with the trimester
at diagnosis, except for microencephaly, which was more
frequent in the second compared with the third trimester
(10/18 (56%) vs 1/8 (13%); P=0.04). With respect to
histopathological findings, ventriculitis was observed in
all fetuses with an isolated halo sign, but this was
mild (Grade 1) in the majority of cases (4/6 (67%)).
Extensive ventriculitis (Grade 2 or 3) was more frequent
in fetuses with a non-isolated halo sign (21/26 (81%))
and those without a periventricular echogenic halo (2/3
(67%); P=0.032). All fetuses with an isolated halo
sign were classified as histopathological Stage I with
no signs of brain calcifications, white-matter necrosis
or cortical injury. On the other hand, 25/26 fetuses with
a non-isolated halo sign and all three fetuses without
a periventricular echogenic halo showed severe brain
lesions and were categorized as histopathological Stage
II. Among fetuses with a non-isolated halo, bistological
brain lesions did not progress with gestational age,
although white-matter necrosis was more frequent, albeit
non-significantly, in fetuses diagnosed in the second vs the
third e trimester (10/15 (67%) vs 3/11 (27%); P=0.06).

Conclusions In  CMV-infected fetuses, an’ isolated
periventricular echogenic halo was observed only in the
second trimester and was associated with.mild ventriculitis
without signs of white-matter calcifications or necro-
sis. When considering pregnancy continuation, detailed
neurosonographic follow-up complemented by an MRI
examination in the early third trimester is indicated. The
prognostic significance of the halo sign as an isolated find-
ing is still to be determined. ©:2023 International Society
of Ultrasound in Obstetrics and Gynecology.

INTRODUCTION

Cytomegalovirus (CMV) is the most common congenital
infection worldwide;=represents the leading cause of
non-genetic sensorineural hearing loss and is a major cause
of neurodevelopmental disability in children. Prenatal
counseling on the prognosis of congenital CMV is
challenging and is largely based on fetal imaging.
Ultrasound (US) abnormalities are seen in only a small
proportion of CMV-infected fetuses, and subtle or
non-specific US features are likely to remain undetected 2.
While severe abnormal fetal cerebral US and magnetic
resonance imaging (MRI) findings have been well defined
and are the most significant predictive markers for adverse

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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outcomes, less severe abnormalities carry a more uncertain
prognosis3~>.

Periventricular hyperechogenicity (halo sign), defined
as homogeneous echogenicity surrounding the lateral
ventricles observed in all three orthogonal planes®’, is
one of the most common abnormalities in fetuses infected
with CMV. The sign was first described by Malinger
et al.® in 2003, although it was first named periventricular
echogenic ‘halo’ by Simonazzi et al.? in 2010. The halo,
which is better depicted by the transvaginal route in the
parasagittal plane and is not visible on MRI, has been
described as a sign of ventriculitis>’, germinal matrix
injury® and white matter lesion>”10, Thus, the halo sign is
generally considered to be a marker of poor prognosis, but
the specific underlying brain histopathology is unknown.

Histological postmortem examination of central ner-
vous system (CNS) tissue of fetuses with periventricular
halo would provide a better understanding of the pattern
and severity of brain damage in such cases. Nevertheless,
very few studies; mainly case reports or those including
a broader evaluation of CMV infection and not solely
focusing on:the halo sign, have performed this examina-
tion%81%, Theiobjective of this study was to analyze the
correlation of the halo sign in CMV-infected fetuses with
histopathological findings in order to define its prognostic
value.

METHODS

We retrospectively evaluated fetuses with severe CMV
infection (based on CNS abnormalities on ultrasound)
diagnosed at a single center (Hospital Clinic, Barcelona,
Spain) between 2006 and 2021, which ended in intrauter-
ine demise (IUD) or termination of pregnancy (TOP),
which was performed in full compliance with Spanish
legislation. We included only cases that underwent
postmortem examination. This study was approved by
the Ethics Committee of Hospital Clinic in Barcelona
(HCB/2020/0322).

Initial fetal examination and follow-up consisted of
serial US scans, including detailed neurosonography
(NSG). Fetal infection had been confirmed in all cases
by extraction of CMV-DNA from amniotic fluid samples
using QIAsymphony (Qiagen, Hilden, Germany) and
determination of viral load by real-time-polymerase
chain reaction, as previously described'!. All US scans
were performed by experienced examiners using high-
resolution US equipment (Voluson 730 Expert and E6
or E8; GE Healthcare, Kretz, Zipf, Austria). All NSG
examinations were performed by the transabdominal
approach, and in cases with vertex presentation, this was
followed by the transvaginal approach. In pregnancies
reaching the third trimester, fetal MRI was performed
at 30-32 weeks using a 1.5T GE Sigma Horizon, Echo
speed, LX MRI scanner (Milwaukee o, W1, USA). In cases
with inconclusive NSG in the late second trimester, MRI
was performed earlier, at 26—28 weeks.

In the present study, a maternal—fetal medicine expert
(E.E.) reanalyzed the transabdominal and transvaginal

Ultrasound Obstet Gynecol 2023; 0: 000-000.
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Halo sign in fetal CMV infection

neurosonographs obtained in the included cases, blinded
to the histological results. The halo sign was defined
as the presence of homogeneous bilateral periventricular
echogenicity, identified in the axial, parasagittal and
coronal planes, with the parasagittal plane depicting
the halo in its entirety (Figure1). When periventricular
echogenic halo was the only CNS finding, it was defined as
an isolated halo sign; when concomitant CNS anomalies
were observed, it was defined as a non-isolated halo sign.
The corpus callosum, cerebellum, cerebellar vermis and
gyral pattern were also evaluated!!. Extra-CNS findings
were evaluated but not considered for the analysis. The
severity of fetal CMV infection was re-evaluated eand
was confirmed as severe (severe brain US/MRI findings)
in all cases according to the categorization of Leruez-Ville
et al.*, considering the presence of isolated periventricular
echogenic halo as a sign of a poor prognosis. In cases
in which MRI had been performed, an expert fetal
radiologist (M. R.-P.), blinded to the NSG and histological
results, reanalyzed the images to evaluate the presence of
CNS abnormalities. The cut-off for the US diagnosis of
microcephaly was defined as a fetal head circumference
of three SD below the mean for gestational age (GA)!2.
On NSG, microencephaly was defined as an enlarged
subarachnoid space with a cranial—cortical width > 95t
percentile'?, and on MRI, as a brain biparietal diameter
< 1°¢ percentile!3.

All included cases had been evaluated by conventional
complete fetal autopsy. Stored hematoxylin—eosin-stained
histologic slides were reviewed independently by two
pathologists (A.N., S.P.) blinded to the US/MRI results,
and a final diagnosis was reached by consensus. Histo-
logical cerebral lesions (microglial nodules, perivascular
infiltrates, necrosis or calcification in the cortex or
white matter, polymicrogyria and CMV-infected, diag-
nostic cells) were classified according to their presence
and extent as: absent, mild (present in‘only one slide)
or severe (extensive in a single slide or present in mul-
tiple slides) (Figure2). Ventriculitis ‘was_classified into
four grades: Grade 0, absent; Grade 1, identified only
by immunohistochemistry; Grade 2, focal; and Grade 3,
extensive or seen in multiple“preparations. Cases with
histologically normal periventricular tissue were further
investigated for the presence of cytotoxic T-cells by

immunohistochemistry with specific antibodies against
CD-8 (CD-8 rabbit monoclonal antibody, clone sp57;
Roche, Tucson, AZ, USA). Microencephaly was defined
as an encephalic weight less than two SDs below that
expected for GA, according to Bartosch et al.'*.

In order to classify the severity or histological
progression of the histological brain lesions, pathologic
findings were tabulated and cases were sorted from
those with the least number of different microscopic
lesions to those with macroscopic anomalies. The
combination of lesions observed among the cases
with the smallest number of lesions was classified
as mild or less severe (Stage I), while all other
combinations of lesions=were classified as severe (Stage
). As such, fetuses' withwrhistopathological Stage I
had normal macroscopic appearance and showed only
ventriculitis, microglial nodules‘and/or viral inclusions on
microscopy. Fetuses/classified as histopathological Stage
I exhibited macroscopic lesions, such as microencephaly,
porencephaly and ventriculomegaly, and/or microscopic
lesions, such_as perivascular infiltrates, calcifications,
white-matter or cortical necrosis and polymicrogyria.

Statistical analysis

Histological and NSG imaging findings in CMV-infected
fetuses were compared according to the presence or
absence of the halo sign and whether the halo sign
was-isolated or non-isolated. Qualitative variables were
compared using the x? test or Fisher’s exact test and are
expressed as 7 (%). Data were analyzed using STATA
version 15.0 (StataCorp., College Station, TX, USA), and
P < 0.05 was considered to indicate statistical significance.

RESULTS
Population characteristics

Thirty-five CMV-infected fetuses that had TOP in the
second (7=23) or third (z=11) trimester or IUD in
the third trimester (z=1) were included. Diagnosis of
fetal infection was made based on the evidence of CNS
abnormalities on routine second- and third-trimester
US scans in 22 and seven pregnancies, respectively.

Figure 1 Transvaginal ultrasound images in axial (a), coronal (b) and parasagittal (c) planes, showing periventricular hyperechogenicity at
21 weeks’ gestation in a cytomegalovirus-infected fetus with isolated halo sign. Note the clear delimitation between the periventricular zone
with the halo sign and the white matter (arrows). The halo sign is visualized in all three orthogonal planes.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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In the remaining six cases, all of which had isolated
periventricular echogenic halo, congenital CMV was
diagnosed based on extra-CNS abnormalities detected
during the routine second-trimester US scan (n=2),
maternal symptomatology in the first trimester (7=2),
close contact with a CMV-infected individual in the
first trimester (7=1) and first-trimester CMV screening
decided by the patient’s practitioner (7= 1). With respect
to the type of maternal infection, 18 (51%) patients had
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a confirmed first-trimester primary CMV infection, one
(3%) patient had a first-trimester non-primary infection,
and in 16 (46 %) cases, the type of maternal infection was
unknown.

The median GA at diagnosis of congenital CMV infec-
tion in the whole cohort was 22.1 weeks (interquartile
range (IQR), 21.0-26.5 weeks). The halo sign had been
diagnosed in 32 (91%) fetuses and was confirmed ret-
rospectively in this study in all cases. The median GA

SR R

Figure 2 Histological (a—e) and macroscopic (f) images of brain sections from fetuses with cytomegalovirus infection. (a) Anti-CD-8
immunohistochemistry with hematoxylin counterstain in fetus with Grade 1 ventriculitis, showing clusters of cytotoxic T-lymphocytes in the
germinal matrix identified by the brown staining in the cytoplasm (original magnification x20). (b) Hematoxylin and eosin (H&E) staining
in fetus with severe ventriculitis, showing discontinuity of the ependymal layer with cell overgrowth through the gaps in the ependymal (top
half of the picture); continuous ependymal layer lines the cerebral tissue in the lower part of the picture (original magnification x10).

(c) H&E staining in fetus with microglial nodules, showing round-shaped cluster of microglial cells within the white matter (original
magnification x20). (d) H&E staining in fetus with polymicrogyria, showing cortical cell layers following a microgyria (festooned) pattern
with an excessive number of abnormally small gyri; note the meningeal coverings in the lower left corner (original magnification x4).

(e) H&E staining showing Grade 2 ventriculitis (multiple ependymal pseudoducts, vascular dilatation and cellular scarcity) and presence of
microcalcifications (irregularly shaped dark and deeply hematoxylin stained) in the border between periventricular germinal matrix and
white matter (original magnification x4). (f) Sections obtained from a fixed brain show the macroscopic appearance of severe bilateral

ventriculomegaly.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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Halo sign in fetal CMV infection

at diagnosis of the halo sign was 24.0 weeks (IQR,
22.6-28.9 weeks). Of the 32 fetuses with the halo sign
present, this was a non-isolated finding in 26 cases and
was diagnosed at a median GA of 24.4 weeks (IQR,
22.8-30.1 weeks), while six fetuses had an isolated halo
sign with a median GA at diagnosis of 22.6 weeks (IQR,
22-23.4weeks) (P=0.10). The three fetuses without a
diagnosis of periventricular echogenic halo underwent
NSGat 21, 26 and 35 weeks, respectively. In all three cases
NSG was performed using the transvaginal approach.
The median time from NSG to TOP or IUD in the
whole cohort was 5days (IQR, 2—7 days). The median
GA at postmortem examination was 24.4 weeks (IQR,
22.8-30.4 weeks).

Ultrasonographic findings

The main NSG findings associated with CMV infection
in fetuses with non-isolated and those with absent
halo sign are shown in Table1. A non-isolated halo
sign was associated with severe CNS abnormalities
(cerebellar and/or vermian hypoplasia (73%), corpus
callosum agenesis/dysgenesis (58%), abnormal sulcus
gyration (58%), microencephaly (42%), microcephaly
(35%)) in all cases except one fetus that had only mild
ventriculomegaly. All three fetuses without the halo sign
also showed severe brain abnormalities (cerebellar and/or
vermian hypoplasia (100%), microcephaly (100%),
corpus callosum agenesis/dysgenesis (67%), abnormal
sulcus gyration (67%), microencephaly (33%)). When
comparing the two groups, microcephaly was significantly

Table 1 Associated neurosonographic findings in 29
cytomegalovirus-infected fetuses, according to presence of
non-isolated periventricular echogenic halo (halo sign)

Halo sign
Non-isolated  Absent

Ultrasound features (n=26) (n=3) Pt
Severe

Severe VMG 4(15.4)° 01(0) 0.464

Microcephaly 9(34.6) 3(100.0) 0.029

Microencephaly (enlarged SAS)" 11 (42.3) 1(33.3) 0.672

Porencephaly 3(11.5) 01(0) 0.534

Corpus callosum abnormality* . 15 (57.7) 2 (66.7) 0.765

Cerebellar and/or yermian 19 (73.1) 3 (100.0) 0.557

hypoplasia

Abnormal sulcus gyration 15 (57.7) (66.7) 0.765
Mild

Mild VMG 7(26.9) 1(33.3) 0.814

Intraventricular adhesions 3(11.5) 1(33.3) 0.300

Isolated calcifications 7(26.9) 0(0) 0.302

Lenticulostriate vasculopathy 14 (53.8) 2(66.7) 0.672

Subependymal cysts 2(7.7) 1(33.3) 0.167

Anterior horns 2(7.7) 0(0) 0.948

hyperechogenicity

Data are presented as 7 (%). *Dysgenesis or agenesis (< 5™
percentile). TP determined using ¥ or Fisher’s exact test. Fetuses
could have a severe central nervous system (CNS) finding together
with mild CNS abnormalities. SAS, subarachnoid space; VMG,
ventriculomegaly.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.

more frequent among fetuses without a periventricular
echogenic halo (P =0.029).

When evaluating the severity of associated US findings
in relation to trimester at diagnosis in fetuses with a
non-isolated halo, we observed that severity was not
related to trimester at diagnosis, with the exception
of microencephaly, which was more frequent in the
second compared with the third trimester (56% vs 13%;
P =0.04) (Table S1). There were no significant differences
in the presence of concomitant extra-CNS abnormalities
between the three study groups (Table S2).

MRI findings

Fetal MRI was performed=in 13 (37%) cases at a
median GA of 29.3weeks (IQR, 27.7-31.0weeks).
These comprised 12 _fetuses with the halo sign (11
non-isolated and one isolated based on US) and one
fetus without a periventricular echogenic halo. The
main MRI abnormalities in fetuses with the halo sign
were abnormal cortical development in 75% of cases
(comprising'mostly polymicrogyria (89 %)), microcephaly
(67%), microencephaly (58%), and cerebellar hypoplasia
(50%).(Table S3). Fetal MRI confirmed the severity of US
brain abnormalities in 11 fetuses (10 with a non-isolated
halo and one without a halo). Moreover, in one fetus
with the halo sign and mild unilateral ventriculomegaly
diagnosed on US at 29 weeks, MRI at 30 weeks detected
diffuse abnormal cortical development compatible with
polymicrogyria. In the remaining fetus, which had an
isolated halo sign, MRI at 26 weeks did not show
additional brain abnormalities.

Histopathological findings

Histological lesions were diagnosed in all 35 cases, with
variable extent and morphology. The most prevalent
histopathological lesions were ventriculitis in 31 (89%)
cases and microglial nodules in 29 (83%), followed
by CMV inclusions in 24 (69%), polymicrogyria in 21
(60%), cortical foci of necrosis in 16 (46 %), white-matter
foci of necrosis in 14 (40%), perivascular inflammatory
infiltrates in six (17%), and calcifications (periventricular
in three (9%), white matter in three (9%) and cortical
in one (3%)). Macroscopic lesions were observed in 19
(54%) cases.

All fetuses with an isolated halo sign showed evidence
of ventriculitis, which was mild (Grade 1) in most (4/6
(67%)) cases (Table2). The majority of fetuses with a
non-isolated halo sign (23/26 (88%)) or without the
halo sign (2/3 (67%)) presented ventriculitis, which was
of higher grade (Grade 2 or 3) compared with the
isolated-halo-sign group (P=0.032). Diffuse microglial
nodules and CMV inclusions were identified in 80 % and
50% of fetuses with an isolated halo sign, respectively.
These fetuses did not show other brain parenchymal
lesions, calcifications or perivascular infiltrates.

In fetuses with a non-isolated halo sign, microglial
nodules were observed in 81% cases and were focal

Ultrasound Obstet Gynecol 2023; 0: 000-000.
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in half of them, while CMV-inclusion cells were seen
in 73% cases. White-matter necrosis, cortical necrosis
and polymicrogyria were found in 50%, 54% and
73% cases, respectively. When evaluating histological
findings according to trimester at diagnosis of CMV
infection, white-matter necrosis was more frequent, albeit
non-significantly, in fetuses diagnosed in the second vs the
third e trimester (10/15 (67%) vs 3/11 (27%); P=0.06)
(Table S4). Likewise, there were no significant differences
in the histopathological severity stage of brain lesions
between fetuses that had TOP or IUD in the second vs
third trimester (Table S5).

All fetuses without the halo sign presented focal
microglial nodules, and CMV inclusions were present in
two-thirds. White-matter necrosis was found in one-third,
whereas cortical necrosis and polymicrogyria were each
detected in two-thirds of cases with absent halo sign.

In the whole cohort, seven cases presented ventriculitis
and/or microglial nodules as the only histopathological
finding and were categorized as histopathological Stage
I (Table3). Of these, six had an isolated halo sign
and the remaining fetus showed the halo sign in
addition to other brain abnormalities on US/MRI
(intraventricular adhesions, temporal lobe cysts and
white-matter hyperintensity in the frontal, temporal
and occipital lobes), together with microcephaly and
microencephaly on both US and MRI studies, which were
not confirmed by postmortem examination (Figure S1). In

Hawkins-Villarreal et al.

the whole series, histopathological Stage-I brain lesions
were associated with the presence of an isolated halo
sign (P <0.001). All the remaining fetuses (25 with
non-isolated halo sign and all three without the halo sign)
showed additional microscopic or macroscopic lesions
and were classified as histopathological Stage II.

DISCUSSION

This is the largest study to date reporting on detailed
histological examination of fetal brains obtained from
cases of CMV infection identified during second- or
third-trimester ultrasound scans. Although previous
research considered the" presence of a periventricular
echogenic halo to be a sign of severe CNS injury, this

Table 3 Histopathological'stage of brain damage in 35
cytomegalovirus-infected fetuses, according to presence of
non-isolated or isolated periventricular echogenic halo (halo sign)
or absence of halo sign on ultrasound

Halo sign
Isolated Non-isolated Absent
Stage (n=6) (n=26) (n=3)
Stage I* 6 (100.0) 1(3.8) 0 (0)
Stage IT 0(0) 25 (96.2) 3(100.0)

Data presented as 72 (%). *P < 0.001 for eStage-I brain damage in
isolated vs non-isolated and absent halo sign groups.

Table 2 Main brain histological findings in 35 cytomegalovirus (CMV)-infected fetuses after termination of pregnancy or intrauterine
demise, according to presence of non-isolated or isolated periventricular echogenic halo (halo sign) or absence of halo sign on ultrasound

Halo sign
Isolated Non-isolated Absent
Characteristic (n=6) (n=26) (n=3) P
Ventriculitis grade 0.032
0 0 (0) 3(11.5) 1(33.3)
1 4 (66.7) 2(7.7) 0 (0)
2 1(16.7) 7 (26.9) 1(33.3)
3 1 (16.7) 14 (53.8) 1(33.3)
Microglial nodules 5 (83.3) 21 (80.8) 3 (100.0) 0.288
Focal 1/5 (20.0) 10/21 (47.6) 3/3 (100.0)
Diffuse 4/5 (80.0) 11/21 (52.4) 0 (0)
CMV inclusions 3 (50.0) 19 (73.1) 2 (66.7) 0.436
Focal 2/3 (66.7) 5/19 (26.3) 0 (0)
Diffuse 1/3 (33.3) 14/19 (73.7) 2/2 (100.0)
Periventricular calcifications 0 (0) 3(11.5) 0(0) 0.987
Perivascular infiltration 0 (0) 6(23.1) 0 (0) 0.797
White-matter calcifications 0 (0) 3(11.5) 0(0) 0.967
Cortical calcifications 0 (0) 1(3.8) 0 (0) 0.859
White-matter necrosis 0 (0) 13 (50.0) 1(33.3) 0.065
Focal 0(0) 6/13 (46.2) 1/1 (100.0)
Diffuse 0(0) 7/13 (53.8) 0(0)
Cortical necrosis 0 (0) 14 (53.8) 2 (66.7) 0.043
Focal 0 (0) 5/14 (35.7) 12 (50.0)
Diffuse 0(0) 9/14 (64.3) 1/2 (50.0)
Polymicrogyria 0 (0) 19 (73.1) 2 (66.7) 0.017
Focal 0 (0) 3/19 (15.8) 0 (0)
Diffuse 0(0) 16/19 (84.2) 2/2 (100.0)
Macroscopic lesions 0 (0) 16 (61.5) 3 (100.0) 0.004

Data are presented as 7 (%) or #/N (%). *P for comparison between the three groups was determined using x> or Fisher’s exact test.

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.
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was not confirmed by our study. In the present series,
the halo sign as an isolated NSG finding was mostly
associated with mild ventriculitis, microglial nodules and
CMV-infected cells and, contrary to previous reports, we
did not observe white-matter necrosis in these cases.

Cerebral damage was assessed extensively in each
brain region, and histopathological severity staging was
established. While all fetuses with an isolated halo sign
showed a mild histopathological severity stage of brain
damage, microglial nodules suggesting immune-mediated
damage were more often diffuse in these cases compared
to in fetuses without the halo sign or in those with
additional severe imaging abnormalities. Although severe
parenchymal lesions were not observed, diffuse microglial
nodules in the brain of CMV-infected fetuses have
been correlated with direct injury®'°. Gabrielli et al.'
described a classification system of CNS lesions including
an inflammation score in midterm CMV-infected fetuses
with or without sonographic findings. They observed
that the inflammatory response was associated with the
severity of brain damage; however, we did not confirm
this finding, possibly owing to methodological differences.

In our study e, fetal CMV infection was diagnosed
mainly by the presence of CNS abnormalities during
routine second- or third-trimester transabdominal US
scans. Since the halo sign is better identified by the
transvaginal approach, it was mostly diagnosed in
association with other severe brain abnormalities, while
cases of milder fetal infection with an isolated halo sign
were probably missed. Probably because of this, the
histopathological staging of brain damage was severe
in almost all cases with a non-isolated halo sign, with
findings including polymicrogyria in nearly three-quarters
of cases and white-matter and cortical necrosis each seen
in half of the cases. This finding is in agreement with the
those of Simonazzi et al.?, in which the halo’sign, as a
mid-gestation finding, was associated with other severe
CNS abnormalities and white-matter injury.

The halo sign was absent in less than'10% of cases in
our cohort, confirming that this sign'is quite prevalent
in fetuses with CMV infection, mainly at midterm,
as described previously?. Among fetuses without a
periventricular echogenic halo, histopathological findings
did not show a resolution of the inflammatory process,
and two out of three of these fetuses @ were in the second
trimester, therefore itis unlikely that the sign had already
disappeared. Indeed, 90% of fetuses in the third trimester
still showed the halo sign'and displayed analogous severe
brain imaging abnormalities to those without the halo
sign. Moreover, the absence of the halo sign was not
associated with less severe CNS histological findings, since
all the fetuses without a periventricular echogenic halo
had severe macroscopic lesions. Possible explanations for
non-visualization of the halo sign in our third-trimester
fetus e are: (1) development into periventricular cysts;
(2) an inflammatory reaction during the second trimester
impairing neuronal migration and resulting in malfor-
mation of cortical development; (3) increased complexity
of the white matter”"!>. However, our sample did not

© 2023 International Society of Ultrasound in Obstetrics and Gynecology.

allow us to demonstrate a distinctive histological pattern
between fetuses without a periventricular echogenic halo
and those with a non-isolated halo sign.

Since all cases with an isolated halo sign were diagnosed
in the second trimester, it could be hypothesized that
it is an early sign of immune-mediated damage that
would have evolved to more severe brain damage and
histological lesions if the fetuses had survived to the
third trimester. Nevertheless, this hypothesis is uncertain
because in almost all fetuses with a halo sign in the
second trimester, severe brain abnormalities were present
on NSG and severe histological brain damage had already
occurred. Moreover, in fetuses with a non-isolated halo,
microencephaly detected=by NSG was significantly more
frequent in the second thanvin the third trimester. Our
study did not provide data to support either progression
of the halo sign to severe brain‘damage or remission.

In CMV-infected' fetuses, MRI performed early in
the third trimester has been shown to increase the rate
of detection of CNS abnormalities, especially those
involving the.temporal lobes and cortical development.
Fetal MRIjas a complementary tool to US improves
the predictionof symptoms at birth and long-term
sequelae'® 1, although this has not been confirmed
in all studies?®. In our series, MRI in the early third
trimester helped confirm severe brain abnormalities in
fetuses showing the halo sign together with other US
abnormalities, although in one case microencephaly was
diagnosed by both US and MRI but was not confirmed at
autopsy. We hypothesized that it could be a false-positive
result or the result of different diagnostic approaches
between imaging and postmortem examination.

The main strength of this study is that it reports on the
largest cohort of CMV-infected fetuses with the halo sign
detected by US during the second or third trimester, in
which targeted histopathological examination of the brain
was performed. The large number of cases is unlikely
to be reproducible in subsequent studies. Moreover, the
neuroimaging and pathology specialists were blinded to
each other’s findings.

Among the limitations of this study, we first acknowl-
edge the retrospective nature of the analysis. Second, the
small sample size of the groups with an isolated halo sign
and absent halo sign, and the limited number of available
MRI examinations in these cases e, prevent significant
conclusions being drawn e. Third, the halo sign is a sub-
tle sonographic marker that may be observer dependent.
However, all US images in this study were evaluated by
the same observer. A standardized quantitative analysis
would have helped to correlate the intensity of the halo
sign with the degree of inflammation. Further studies are
warranted to establish the correlation between the degree
of inflammation in the periventricular area and the prog-
nosis. Additionally, we only included fetuses with TOP or
IUD, which might have biased our findings to the more
severe end of the spectrum of the disease. However, this
could have been a conservative bias, since the correlation
between the halo sign and ventriculitis in less affected
fetuses is likely to be even weaker than in severely affected

Ultrasound Obstet Gynecol 2023; 0: 000-000.
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ones. Finally, under the hypothesis of the periventricular
echogenic halo being a transient sonographic sign, and
since prenatal CMV screening is not recommended, we
do not know how many infected fetuses may have had a
transient halo during the study period.

Follow-up of fetuses and newborns with an isolated
halo sign would be key to understanding the real
significance of this sign, as has been demonstrated in
children born with other sonographic CMV findings,
such as lenticulostriate vasculopathy or periventricular
pseudocysts?122, However, this would only be feasible
under a universal first-trimester screening program,
justified after the demonstration of over a 60% reduction
of vertical transmission in mothers with primary infection
treated with valacyclovir?3?4. The follow-up of infected
fetuses should include NSG, preferably carried out by the
transvaginal approach, which would enable the detection
of the halo sign. Since some centers rarely perform the
transvaginal approach, we encourage the addition of
both the parasagittal and coronal planes to the standard
axial plane when using the transabdominal approach to
confirm the halo sign.

In conclusion, our data show that CMV-infected
fetuses with an isolated halo sign tend to present mild
histopathological brain lesions, though its prognostic
value within a clinical context is yet to be determined.
When considering continuation of a pregnancy with fetal
CMYV infection, detailed NSG follow-up and MRI early
in the third trimester are required to counsel parents.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

il Figure S1 Ultrasound (US; a—c) and magnetic resonance (MRI; d—f) images in axial (a,d), coronal (b,e) and
parasagittal (c,f) planes, obtained at 28 weeks of gestation in fetus with non-isolated halo sign. Enlarged
subarachnoid space on US (b) and skull biparietal diameter (BPD) and brain BPD < 1** centile for gestational
age on MRI indicated microencephaly; however, this was not confirmed at postmortem examination. Note
intraventricular adhesions (arrows) and bilateral temporal lobe cyst (arrowheads). On MRI, white-matter
hyperintensity in frontal (d,f), temporal (d,e,f) and occipital (d) lobes is also seen.

Table S1 Frequency of severe neurosonographic findings in 26 cytomegalovirus-infected fetuses with a
non-isolated halo sign, according to trimester of pregnancy

Table S2 Extra-central nervous system findings in 35 cytomegalovirus-infected fetuses
Table S3 Main magnetic resonance imaging findings in cytomegalovirus-infected fetuses with the halo sign

Table $4 Main histological brain findings in 26 cytomegalovirus-infected fetuses with a non-isolated halo sign,
according to diagnosis of infection in the second vs third trimester

Table S5 Histopathological stage of brain lesions in 26 cytomegalovirus-infected fetuses with non-isolated
halo sign, according to trimester at termination of pregnancy or. fetal demise

© 2023 International Society of Ultrasound in Obstetrics and Gynecology. Ultrasound Obstet Gynecol 2023; 0: 000-000.
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