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ABSTRACT

The aim of this study is to assess whether
early cervical lymphatic obstruction is associated
with a sonographically detectable dilatation
of the ventricular system in the 1st trimester
of pregnancy. In particular, the objective is to
assess whether fetuses with non-immune hydrops
fetalis (NIHF), cystic hygroma, or enlarged
nuchal translucency (NT) have a greater atrial
width/biparietal diameter (AW/BPD) ratio than
normal at time of the combined first trimester
screening scan. This retrospective study included
96 first trimester fetuses (33 normal and 63
with various degree of cervical lymphatic
engorgement). Inclusion criteria were CRL in
the 45-84 mm range and availability of one or
more three-dimensional volume datasets of the
fetal head, acquired from the BPD plane. Each
three-dimensional volume dataset was opened
and multiplanar correlation employed to align
the three orthogonal planes. The ratio between
the atrial width and the BPD (AW/BPD ratio)
was used to evaluate the possible presence
of increased amount of cerebrospinal fluid.
Abnormal cases were placed into 4 categories:

1) enlarged non-septated NT 2.5-3.9 mm, no
hydrops; 2) grossly enlarged non-septated NT
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/ edema >3.9 mm; 3) cystic hygroma and/

or NIHF; 4) major anomalies with NT <2.5
mm. Presence of dilatation of the latero-
cervical jugular lymphatic sacs, karyotype and
presence of congenital anomalies were also
recorded. The One-way ANOVA test was used
to compare means. Intra- and inter-observer
variability were also assessed. The AW/BPD
ratio was found to be significantly higher in
fetuses with grossly enlarged NT/nuchal edema
and NIHF/septated cystic hygroma than in
normal (p <0.05 and p <0.01, respectively).
Also, the AW/BPD ratio was significantly
higher in NIHF/septated cystic hygroma than
in enlarged NT 2.5-3.9 mm (p <0.05). In case
of enlarged NT (2.5-3.9 mm), the AW/BPD
ratio is significantly higher in presence of JLS
(p <0.01). At the end of the first trimester,
presence of cervical lymphatic engorgement,
in terms of grossly enlarged NT, nuchal
edema, septated cystic hygroma, and NIHF,

is statistically associated with a moderate
dilatation of the ventricular system. Of note,
among fetuses with moderately enlarged NT,
those with evidence of dilatation of the JLS
show a statistically significant increase in the
AWI/BPD ratio.
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Non-immune hydrops fetalis (NIHF) is a
disease still far from being thoroughly under-
stood (1,2). The pathogenesis of primary lym-
phatic dysplasia and that of hydropic changes
secondary to cardiovascular or other causes
are partly overlapping and a defined under-
standing of the normal and abnormal develop-
ment of the lymphatic system is still lacking.
In brief, since the brain is completely devoid
of lymphatics, it seems that both cerebrospinal
and interstitial fluid convey waste and solutes,
with complex mechanisms, across the cribri-
form plate, to the cervical lymphatics (3). It is
possible to speculate that, in the presence of
overt NIHF and/or cystic hygroma or thick-
ened Nuchal Translucency, a delayed or abnor-
mal development of the fetal cervical lymphat-
ic network may determine a reduction in the
drainage of (cerebrospinal fluid) CSF via the
perineural space through the cribiform plate.
The hypothesis of this study is if this mech-
anism is indeed active in the human fetus,
then in those cases in which an engulfment of
the primary lymphatic system is present, e.g.,
NIHEF, cystic hygroma, and enlarged nuchal
translucency, there should be an increase in the
amount of the cerebrospinal fluid in the fetal
brain. To assess this hypothesis, we measured
width of the lateral ventricle measured on an
axial view of the fetal head at the level where
the choroid plexuses are more prominent. By
normalizing then the atrial width (AW) by
the biparietal diameter BPD (AW/BPD), we
accounted for the gestational age changes. The
aim of this study is to assess whether early cer-
vical lymphatic obstruction is associated with
a sonographically detectable dilatation of the
ventricular system in the 1st trimester of preg-
nancy. In particular, the objective is to assess
whether fetuses with NIHF, cystic hygroma or
enlarged nuchal translucency have a greater
AW/BPD ratio than normal at the time of the
combined first trimester screening scan.
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METHODS

This is a retrospective study conducted
on a series of 33 normal fetuses and 63 fetuses
with enlarged NT, and/or chromosomal and/
or congenital anomalies evaluated at two
tertiary referral centers (Fetal Medicine &
Surgery Unit, Giannina Gaslini Institute,
Genoa, Italy, and Fetal Medicine & Cardiol-
ogy Unit, Dept of Obstetrics and Gynecology,
University Federico II of Naples, Italy) over 5
years. All fetuses had undergone ultrasound
aiming at the measurement of the Nuchal
Translucency (NT) and the visualization of
the Nasal Bone according to the recommen-
dations of the Fetal Medicine Foundation (4).
Inclusion criteria were crown-rump length
(CRL) in of 45-84 mm and availability of one
or more three-dimensional volume datasets of
the fetal head, acquired from the BPD plane.
Twenty-one cases with NT enlargement had
to be excluded because only volumes acquired
from the midsagittal view of the fetal head
were available. The technique to measure the
AW/BPD ratio is the following. Each volume
dataset was accessed with a dedicated soft-
ware (4D viewer, version 9.0, GE medical
system, Milwaukee, IL). Once the volume
of the fetal head was opened, the axial view
appearing on the A panel was aligned on the
three orthogonal planes, using the reference
dot on multiplanar correlation imaging. In this
way, we were certain that the axial plane was
not erroneously tilted on one side. The image
on the A plane was then magnified and the
calipers positioned on the echoic lines repre-
senting the walls of the atrium at the level of
the choroid plexus. The atrial width measure-
ment was taken with or without the addition
of Volume Contrast Imaging with 1 mm thick
slices, according to whether the actual edges
of the lateral ventricle were seen more or less
reliably. Care was taken not to include in the
measurement part of the developing brain
parenchyma. In case of doubt, if the cho-
roid plexus touched the walls of the atrium,
multiplanar image correlation was employed
to avoid measuring errors with checking the
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Fig. 1. Boxplot showing mean AW/BPD ratio in the different categories of cervical lymphatic engorgement (1: nor-

mal NT, no malformations; 2: enlarged non-septated NT 2.5-3.9 mm, no hydrops; 3: grossly enlarged non-septated
NT / edema >3.9 mm; 4: cystic hygroma and/or NIHF; 5: major anomalies with NT < 2.5 mm). Whisker bars indicate

95% confidence intervals.

position of the callipers on the corresponding
coronal plane. Once the atrial width measure-
ment was taken, the result was divided by the
Biparietal Diameter measured on the same
image, to normalize data by fetal size (Fig.

1). It should be underlined that the choroid
plexuses and lateral ventricles at a higher level
than that where the BPD is conventionally
measured in the 1% trimester; this results in
BPD values in this study being significant-

ly lower than those expected for the same
gestational age. Cases with lymphatic en-
gorgement signs were placed into 3 categories:
NIHF and cystic hygroma, grossly enlarged
NT or nuchal edema, and enlarged NT. NIHF
was diagnosed if severe diffuse subcutaneous
edema was associated with pleural effusion
and/or ascites. Cystic hygroma was diagnosed
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if the fetus had a septated lymphatic nuchal
enlargement, possibly extending caudalad

to the trunk, but without ascites or pleural
effusion. Grossly enlarged NT or edema was
diagnosed if the retro-nuchal space was not
clearly septated, measured >3.9 mm, and if
pleural effusion and/or ascites were absent.
Enlarged NT was defined by a nuchal trans-
lucency thickness of 2.5-3.9 mm, in absence
of hydrops and septations. The occurrence

of major congenital anomalies was irrelevant
to this lymphatic system overload classifica-
tion. However, cases of major anomalies not
associated with nuchal enlargement were
assessed separately. Therefore, this resulted in
5 categories: 1) normal NT, no malformations;
2) enlarged non-septated NT 2.5-3.9 mm, no
hydrops; 3) grossly enlarged non-septated NT
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/ edema >3.9 mm; 4) cystic hygroma and/or
NIHF; and 5) major anomalies with NT <2.5
mm. Presence of dilatation of the latero-cervi-
cal jugular lymphatic sacs was also recorded.
The following variables were also recorded

for all cases: presence of major congenital
anomalies, karyotype, pregnancy and neona-
tal outcome. Karyotype was known in 82/96
(85.4%) cases by means of prenatal invasive
diagnosis (20 fetuses with aneuploidies and 41
euploid) or postnatal follow up (the remain-
ing 21 euploid fetuses). Overall, there were 8
cases of trisomy 21, 7 cases of trisomy 18, 2
cases of unbalanced translocations and 1 case
each of trisomy 13, monosomy X0, and mosaic
tetra-12p (Pallister-Killian syndrome). Final
outcome and confirmation of the malforma-
tions detected were available for the cases that
reached the 2™ trimester and/or were delivered
at term. In the cases undergoing termination
of pregnancy at the end of the 1 trimester, the
ultrasound diagnosis of the malformation was
considered as confirmatory only if the anoma-
ly was clearly evident beyond any reasonable
doubt (e.g., omphalocele). Intra-operator and
inter-operator variability was assessed on a
random sample of 20 cases on which a repeat-
ed measurement was taken by one operator
(DP) twice (intra-operator variability) and
then by a second operator (GD; inter-operator
variability).

Statistical analysis was performed with
the SPSS software (SPSS, version 20.0). The
One-way ANOVA test was used to compare
means, with Tukey post-hoc test to evaluate
inter-class differences. Intra- and inter-observ-
er variability were assessed by means of the
Cronbach’ Alpha coefficient. P values <0.05
were considered statistically significant.

RESULTS

A summary of the 96 fetuses classified by
cervical lymphatic engorgement categories
and karyotype is shown in Table 1. In Fig. 1,
the mean AW/BPD ratio by diagnostic cat-
egory is shown. In particular, the AW/BPD
ratio was significantly higher in fetuses with
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TABLE 1
Summary of 96 Study Cases
Segregated by Cervical Lymphatic
Engorgement Category
Category Frequency (%) k:ﬁ'ly)(l)lt(;ll')l: ?(l%)
0 32 (33.3) 0
1 19 (19.8) 6 (31.6)
2 22 (22.9) 7 (31.8)
3 15 (15.6) 5(33.3)
4 8(8.3) 2(25.0)
Total 96 (100) 100.0

0: Normal NT, no anomalies; 1: non-septated NT
2.5-3.9 mm, no hydrops; 2: non-septated NT (or
edema) >3.9 mm, no hydrops; 3: fetal hydrops or
septated cystic hygroma; 4: major congenital
anomalies, normal NT, no hydrops) and karyotype.

grossly enlarged NT/nuchal edema and NIHF/
septated cystic hygroma than in normal (p
<0.05 and p <0.01, respectively). Also, the AW/
BPD ratio was significantly higher in NIHF/
septated cystic hygroma than in enlarged NT
2.5-3.9 mm (p <0.05). Figure 2 shows the case
series stratified by presence or absence of dilat-
ed jugular lymphatic sacs (JLS). In category

2 (enlarged NT 2.5-3.9 mm), the AW/BPD
ratio is significantly higher in presence of JLS
(p <0.01). No relationship was found between
abnormal karyotype and degree of cervical
lymphatic engorgement. As for the inter- and
intra-operator variability, this was fair, with
Cronbach’s alpha coefficients of 0.79 and 0.88,
respectively. Figure 3 demonstrates measure-
ment of the AW/BPD ratio.

DISCUSSION

The hypothesis of this study is that in the
fetus, as well as in the adult, there is a com-
munication between the ventricular system
and the cervical lymphatics via the cribriform
plate. Due to the absence of lymphatics in the
brain, the cerebrospinal and the interstitial
fluids, together with the recently discovered
glymphatic system (5), would act as a recent-
ly discovered lymph-like system conveying
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Fig. 2. Cluster boxplot showing mean AW/BPD ratio in the different categories stratified by presence or absence of
Jugular lymphatic sacs (JLS) dilatation (white bars: absence of JLS dilatation; grey bars: presence of JLS dilatation.
Whisker bars indicate 95% confidence intervals. The asterisk indicates an outlier.

solutes and wastes from the brain to the
cervical lymphatics. This mechanism is active
alongside the historical one represented by
reabsorption through the arachnoid gran-
ules of Pacchioni that are present as villi in
the late third trimester, as granulations at 39
weeks, and become fully functional somewhat
later (6). Therefore, it may be speculated that
in prenatal life the system responsible for
clearing catabolites and wastes from the brain
is relying even more heavily on the aforemen-
tioned path, i.e., active trans-membrane and
paravascular passive flow across the crib-
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riform plate (5). No matter what is the real
mechanism of this exit route from the brain, if
there is an abnormal or delayed development
of fetal jugular lymphatics, as in cystic hygro-
ma or enlarged NT (7), then this should theo-
retically reduce the actual speed of the whole
process, with a consequent engorgement of the
ventricular system? However, as pointed out
(2,8-11), this is only one of the routes through
which it has been speculated that waste and
solutes exit from the brain in the absence of a
local lymphatic network (5). This is why what
we expect is only a moderate overload of the
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Fig. 3. Measurement of the AW/BPD ratio. The width of the atrium (double arrow) is measured in between the atrial
walls, if visible; if the walls are adjacent to the choroid plexus (as in A), the calipers are placed just external to the
choroid plexus. A) Normal fetus, 13 gestational weeks. The image shows the modified axial view of the fetal head on
which the AW/BPD ratio is measured. Note the large choroid plexuses (CP), normal for this gestational age, which
fill most of the lateral ventricle, and the midline. B) Fetus with hydrops (note the severe nuchal edema, arrowheads).
Note how the ventricle appears prominent due to the compression of the choroid plexuses from the increased amount
of cerebrospinal fluid in the ventricles.

ventricular fetal system. In this study, we have
addressed this very point, i.e., whether early
cervical lymphatic obstruction is associated
with a sonographically detectable dilatation
of the ventricular system in the 1% trimester

of pregnancy. Our preliminary results seem

to support this concept; fetuses with septated
cystic hygroma and/or hydrops and those with
grossly enlarged non-septated NT (>3.9 mm)
or nuchal edema show a significantly higher
AW/BPD ratio than normal fetuses (Fig. 2). By
looking at Fig. 1, it can be visually appreciated
that the more pronounced the cervical lym-
phatic engorgement is, the higher the degree
of ventricular system dilatation, even though
there is only a significant difference between
categories 3 and 4 and category 1 (p <0.05 and
p <0.01, respectively). An interesting finding
is that in fetuses with moderately enlarged

NT (2.5-3.9 mm) the degree of ventricular
system overload is significantly higher in case
of JLS dilatation (Fig. 3; p <0.01). Since it is
known that, in some cases, severely enlarged
NT shrink due to drainage into the JLS, it

can then be speculated that those cases with
moderately enlarged NT and dilated JLS have
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a higher degree of cervical lymphatic block-
age than fetuses with similar NTs but no JLS.
And, if our hypothesis is true, in the latter
instance a higher degree of ventricular system
dilatation would be expected, as it is indeed
the case (Fig. 2). An expected query on the
results of this preliminary study is that if in-
deed a cervical lymphatic engorgement would
trap cerebrospinal fluid inside the brain, then
the expected degree of the ventricular system
dilatation should be more pronounced than
that observed in this investigation. A possible
answer to this point is that probably there is
more than just one system in place to ensure
proper clearance of waste and solute from a
metabolically very active and precious organ
such as the brain, even in the absence of the
Pacchioni granules, which could be the case
for the fetus. The problem is that science has
not yet fully unveiled these mechanisms (2,5).
This study has some limitations. First, the
number of cases is relatively limited, but we
preferred to exclude cases in which an ade-
quate three-dimensional volume dataset was
not available in order to increase the reproduc-
ibility of the measurement. This led to a signif-
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icant number of potential cases being excluded
from the analysis because most volumes had
been acquired starting from the midsagittal
view needed for the NT assessment. Due to the
ill-alignment, this resulted in an inadequate
visualization of the ependymal edges of the
lateral ventricles. Second, in some cases the
choroid plexuses completely filled the ventri-
cles, and this masked the actual ependymal
walls. In these cases, we assumed that the
edges of the choroid plexuses corresponded

to the actual walls of the ventricles and we
double-checked the measurement by looking
at the corresponding coronal view using the
multiplanar image correlation advantage pro-
vided by the 3D.

In conclusion, this preliminary investi-
gation seems to confirm that at the end of the
first trimester, presence of cervical lymphatic
engorgement, in terms of grossly enlarged NT,
nuchal edema, septated cystic hygroma and
NIHEF is statistically associated with a mod-
erate dilatation of the ventricular system. Of
note, among fetuses with moderately enlarged
NT, those with evidence of dilatation of the
JLS, which represent an abnormal or delayed
development of the cervical lymphatic net-
work, show a statistically significant increase
in the AW/BPD ratio. However, further studies
are needed, both in the experimental animal
setting and in humans, to increase the cur-
rently patchy knowledge of the actual rela-
tionships among cerebrospinal fluid, cervical
lymphatic drainage, and NTHE.
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