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CONTRIBUTION

What are the novel findings of this work?
The substructures of the fetal brainstem follow a distinct
spatiotemporal growth pattern during the second and
third trimesters of pregnancy. This is characterized by a
significant change in their relative cross-sectional areal
contributions, measured in the midsagittal plane using
fetal magnetic resonance imaging, with an increase in the
area of the pons and a decrease in that of the midbrain
relative to the total brainstem area. Reference data for
diameters and areas of the brainstem and cerebellum are
provided from 15 to 40 gestational weeks.

What are the clinical implications of this work?
Caution is needed when interpreting fetal brainstem
appearance during the early second trimester, as these
brainstem proportions differ significantly from the adult
morphology. With the provided reference data, fetal
brainstem morphology can be quantified.

ABSTRACT

Objectives To characterize spatiotemporal growth differ-
ences of prenatal brainstem substructures and cerebellum,
using linear biometry and planimetry on fetal magnetic
resonance imaging (MRI).

Methods In this retrospective study, we included fetuses
with normal brain and a precise midsagittal T2-weighted
brain MRI sequence obtained between May 2003
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and April 2019. The cross-sectional area, rostrocaudal
diameter and anteroposterior diameter of the midbrain,
pons (basis pontis and pontine tegmentum), medulla
oblongata and cerebellar vermis, as well as the transverse
cerebellar diameter, were quantified by a single observer.
The diameters were also assessed by a second observer to
test inter-rater variability.

Results We included 161 fetuses with normal brain
and a precise midsagittal MRI sequence, examined at
a mean ± SD gestational age of 25.7 ± 5.4 (range, 14 + 0
to 39 + 2) weeks. All substructures of the fetal brain-
stem and the cerebellum could be measured consistently
(mean ± SD interobserver intraclass correlation coeffi-
cient, 0.933 ± 0.065). We provide reference data for
diameters and areas of the brainstem and cerebellum
in the second and third trimesters. There was a sig-
nificant quadratic relationship between vermian area
and gestational age, and all other measured parame-
ters showed a significant linear growth pattern within
the observed period (P < 0.001). A significant change in
the relative proportions of the brainstem substructures
occurred between the beginning of the second trimester
and the end of the third trimester, with an increase in
the area of the pons (P < 0.001) and a decrease in that of
the midbrain (P < 0.001), relative to the total brainstem
area.

Conclusions The substructures of the fetal brainstem
follow a distinct spatiotemporal growth pattern, char-
acterized by a relative increase in the pons and decrease in
the midbrain, between 15 and 40 weeks of gestation.
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Caution is needed when interpreting fetal brainstem
appearance during the early second trimester, as the
brainstem proportions differ significantly from the adult
morphology. The reference data provided herein should
help to increase diagnostic accuracy in detecting disorders
of defective hindbrain segmentation. © 2020 The Authors.
Ultrasound in Obstetrics & Gynecology published by
John Wiley & Sons Ltd on behalf of International Society
of Ultrasound in Obstetrics and Gynecology.

INTRODUCTION

The brainstem controls several critical functions, includ-
ing respiration, arousal and sleep and blood pressure,
as well as controlling eye movements, and is composed
of numerous complex nuclei and connecting pathways.
Prenatal characterization of brainstem pathology with
ultrasound and magnetic resonance imaging (MRI) is
considered difficult. Due to its small dimensions, the iden-
tification of subtle alterations in the brainstem requires
an extensive background in fetal neurosonography and
fetal MRI. Moreover, the morphology of the fetal brain-
stem and cerebellum undergo distinct changes during
gestation, characterized by a pronounced increase in vol-
ume and proportional changes, which are not, as yet,
widely appreciated1. From pediatric and adult MRI, it is
known that the normal ratio of the rostrocaudal diame-
ters of the midbrain, pons and medulla oblongata is about
1:2:12.

Posterior fossa biometry is valuable in diagnostic
decision-making and can alter the prediction of potential
risk with regard to a poor neurological outcome3.
Even changes in simple measurements, such as a
reduction in the transverse cerebellar diameter, may
serve as a predictor of further anomalies4. Sonographic
studies have been published that report nomograms of
normal posterior fossa structures and their application
in different midbrain-hindbrain diseases5–9. Similarly,
multiple biometric fetal MRI studies have been reported,
usually focusing on the period between 20 gestational
weeks and the end of pregnancy10–17. These studies
provide various measurements of brainstem structures
(mainly the anteroposterior (AP) diameter of the pons),
but focus primarily on the cerebellum (rostrocaudal, AP
and transcerebellar diameter). The areas of brainstem
substructures have not yet been assessed.

In this retrospective MRI study, we aimed to integrate
common posterior fossa measurements, such as the
rostrocaudal and AP diameters of the fetal midbrain,
pons, medulla oblongata and cerebellar vermis, as well as
the transverse cerebellar diameter, with area/planimetric
measurements of the fetal brainstem substructures. In
so doing, we hoped to elucidate whether the spatial
dimensions and the relative contribution of the different
brainstem subdivisions in the fetus are comparable to
those in the adult. These biometric data are presented as
reference charts with percentiles from the early second
trimester to term.

METHODS

Subjects

In this retrospective fetal MRI study, all examinations
were performed and evaluated at the Department of
Biomedical Imaging and Image-guided Therapy of the
Medical University of Vienna. Potential subjects with
normal brain development, as assessed by prenatal
ultrasound and fetal MRI, and a precise midsagittal
slice on T2-weighted MRI, obtained between May 2003
and April 2019, were identified retrospectively in the
hospital’s Picture Archiving and Communication System
(PACS) database. The midsagittal plane was defined as
depicting the fetal nose, corpus callosum, brainstem and
cerebellar vermis in their entirety (Figure 1a). Sequences
with marked motion artifacts or oblique planes, as well
as multiple pregnancies, were excluded. All cases were
clinically indicated and had been referred for fetal MRI
after a standard neurosonographic examination by an
obstetrician (Level-II or Level-III sonographer, according
to European standards). The indications for MRI were
primarily body malformations or premature rupture of
the membranes. Cases with brain malformations, as
well as those known to have genetic abnormalities or
syndromes, were excluded, but there was no systematic
genetic testing. All available fetuses who met these criteria
were included; a sample-size analysis was not performed
in this exploratory study. Gestational age was determined
by biometry at the first sonographic examination and is
presented as weeks post-menstruation. In our institution,
it is standard practice to round up gestational age, such
that, for example, 14 + 0 to 14 + 6 weeks is represented
as 15 gestational weeks. This study was approved by the
local institutional review board (ethics committee number
2175/2019). All mothers had given written, informed
consent to undergo fetal MRI and agreed to the scientific
use of their imaging data.

Magnetic resonance imaging

Examinations were performed using a 1.5-Tesla (T)
scanner (Ingenia, Philips Healthcare, Endhoven, The
Netherlands) or a 3-T scanner (Achieva, Philips Health-
care), in accordance with the fetal MRI guidelines of
the International Society of Ultrasound in Obstetrics
and Gynecology18. A body coil was used and precise,
midsagittal T2-weighted turbo spin-echo sequences with
the following specifications were acquired: in-plane
resolution, 0.62/0.62–1.17/1.17 mm; slice thickness,
2.0–4.5 mm; matrix size, 256 × 256; field of view,
200–230 mm; relaxation time, ≤ 20 000 ms; echo time,
100–140 ms. The image data were exported and all
measurements for the purposes of this study were
performed using the open-source software application,
ITK Snap, version 3.819. The diameters of brainstem
structures in all fetuses were measured independently by
two observers (G.D., V.S.), both of whom had at least
2 years’ experience of fetal MRI. Planimetry of brainstem
substructures and the cerebellar vermis was performed
together by both observers.

© 2020 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2021; 58: 254–263.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.
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In all examined fetuses, the brainstem and vermian
diameters (Figure 1b) were quantified according to the
following anatomical reference landmarks. The midbrain
rostrocaudal diameter was measured parallel to the
tectum, between its superior and inferior borders, and
the AP diameter was measured perpendicular to this line.
The rostrocaudal diameter of the pons was measured
from the level of the pontomesencephalic junction to
the pontomedullary junction, parallel to the posterior
border of the pons. The AP diameter at the mid-level
of the pons was differentiated into the diameter of
the basis pontis and that of the pontine tegmentum,
these being separated by a line from the superior to
the inferior pontine notch. The rostrocaudal diameter of
the medulla oblongata was measured similarly, parallel
to the posterior border of the brainstem substructure,
from the pontomedullary junction to the level of the
obex, and the AP diameter was perpendicular to this line.
The rostrocaudal diameter of the cerebellar vermis was
measured parallel to the posterior border of the brainstem
and the AP diameter was measured from the fastigial point
to the most posterior vermian border. Corresponding to
the diameters, the cross-sectional areas of the brainstem

substructures and the vermis were measured (Figure 1c).
The transverse cerebellar diameter was measured in the
coronal plane (Figure 1d).

Statistical analysis

All analyses were carried out using IBM SPSS Statistics for
Windows software (version 26; IBM Corp., Armonk, NY,
USA) and statistics software R, version 3.6.3 (https://www
.r-project.org). Due to heteroscedasticity (heterogeneous
variances of residuals) and highly skewed residuals, and
based on the selection standards of the World Health
Organization for the methods by which to measure growth
curves in children20, a generalized additive model for
location, scale and shape (GAMLSS) with a Box-Cox t
distribution (R package ‘gamlss’) was used to calculate
the percentile curves of all measured parameters21.

The mean and SD gestational age at MRI (in
weeks) was calculated. Pearson’s correlation was assessed
for each of the evaluated parameters with gestational
age. t-tests were performed to compare the relative
contribution to the brainstem area of the midbrain,
pons and medulla oblongata between fetuses in the first

Figure 1 (a) T2-weighted midsagittal magnetic resonance image of fetal head at 28 + 4 weeks. Zoomed-in images showing measurement of
diameters (b) and planimetry (c) of brainstem substructures (midbrain, pons, medulla oblongata) and the cerebellar vermis. The transverse
cerebellar diameter was measured in the coronal plane (d). The areas and anteroposterior (AP) diameters of the basis pontis, pontine
tegmentum and total pons were measured separately ((b) shows total pons AP diameter; (c) shows subdivision of the pons, indicated by the
black line).

© 2020 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2021; 58: 254–263.
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5 gestational weeks (weeks 15–19) evaluated and those in
the last 5 weeks (weeks 36–40). We performed paired
t-tests on age-matched cases to check for differences
in measurements from sequences obtained using 1.5-T
compared with 3-T MRI, and to compare measurements
between the subgroup of fetuses with normal brain but
pathological fetal or maternal findings and the subgroup
with no pathological findings. P ≤ 0.05 was considered
statistically significant. To avoid an increasing type-2
error, no multiplicity corrections were performed. To test
the inter-rater variability and reliability, we calculated the
intraclass correlation coefficient (ICC) between the two
observers for all diameters. ICC > 0.75 was considered to
indicate excellent correlation22.

RESULTS

After screening existing fetal MRI reports, 164 fetuses
with normal brain were identified, of which three were
excluded due to motion artifacts or an oblique midsagittal
plane. Thus, our study group included 161 fetuses with
normal brain and a precise midsagittal MRI sequence.
The main indications for MRI were limb or body malfor-
mations (Table S1), and the indications in the youngest
fetuses were all maternal. The mean ± SD gestational
age at examination was 25.7 ± 5.4 (range, 14 + 0 to
39 + 2) weeks (Table S2). The mean ± SD gestational age
of the group examined with a 1.5-T scanner (n = 145)
was 25.9 ± 5.3 (range, 14 + 0 to 39 + 2) weeks and that
in the 3-T group (n = 16) was 23.0 ± 5.9 (range, 16 + 0
to 37 + 0) weeks. In the group without any pathological

findings were 23 fetuses, with a mean ± SD gestational
age of 27.3 ± 5.1 (range, 17 + 4 to 38 + 2) weeks, and in
the remaining group with normal brain but pathologi-
cal fetal or maternal findings were 138 fetuses, with a
mean ± SD gestational age of 25.4 ± 5.4 (range, 14 + 0 to
39 + 2) weeks.

There was excellent correlation of all diameter mea-
surements between the two observers, with an overall
mean ± SD ICC of 0.933 ± 0.065 (range, 0.804 (mid-
brain rostrocaudal diameter) to 0.996 (transcerebellar
diameter)).

There was a significant quadratic relationship between
vermian area and gestational age, and all other measured
parameters showed a significant linear relationship
with gestational age (P < 0.001). Pearson’s correlation
coefficients ranged from 0.654 (correlation of basis pontis
AP diameter with pontine tegmentum AP diameter) to
0.977 (correlation of pons area to pontine tegmentum
area). Table 1 presents the constants (k and d) required
to solve the linear equation for the 5th, 25th, 50th, 75th

and 95th percentiles (size in mm or mm2 = (gestational
age in weeks × k) + d) of each measured brain structure,
with the exception of vermian area, whose percentiles are
given in Table 2.

Figure 2 presents plots of the areas of evaluated
brainstem substructures and cerebellar vermis in all
fetuses. The 5th, 25th, 50th, 75th and 95th percentiles
of each structure are marked for reference. The cerebellar
vermis was the structure in the posterior fossa whose
area increased most during the evaluated period of
gestation, with a size at the end of pregnancy that was

Table 1 Values for calculation of percentiles (5th, 25th, 50th, 75th and 95th) for fetal brainstem substructural and cerebellar measurements,
according to the linear equation: size (in mm or mm2) = (gestational age in weeks × k) + d

5th percentile 25th percentile 50th percentile 75th percentile 95th percentile

Fetal brain measurement k d k d k d k d k d

Midbrain
Area (in mm2) 2.81 –14.26 3.11 –15.78 3.35 –16.99 3.62 –18.38 4.10 –20.81
RC diameter (in mm) 0.19 2.59 0.21 2.80 0.22 2.96 0.23 3.14 0.25 3.42
AP diameter (in mm) 0.31 1.96 0.34 2.11 0.35 2.21 0.37 2.32 0.40 2.47

Total pons
Area (in mm2) 5.05 –62.26 5.79 –71.34 6.28 –77.35 6.79 –83.71 7.70 –94.82
RC diameter (in mm) 0.39 –1.97 0.44 –2.22 0.48 –2.38 0.51 –2.55 0.55 –2.78
AP diameter (in mm) 0.33 –0.59 0.36 –0.64 0.38 –0.68 0.40 –0.72 0.44 –0.78

Basis pontis
Area (in mm2) 1.79 –23.89 2.14 –28.50 2.43 –32.42 2.81 –37.43 3.64 –48.51
AP diameter (in mm) 0.14 –0.91 0.17 –1.09 0.19 –1.22 0.21 –1.36 0.25 –1.57

Pontine tegmentum
Area (in mm2) 2.88 –33.02 3.37 –38.64 3.72 –42.59 4.07 –46.58 4.58 –52.39
AP diameter (in mm) 0.14 0.70 0.16 0.80 0.17 0.87 0.19 0.94 0.21 1.05

Medulla oblongata
Area (in mm2) 2.60 –22.60 3.01 –26.13 3.27 –28.44 3.55 –30.84 4.01 –34.83
RC diameter (in mm) 0.23 2.33 0.25 2.59 0.27 2.76 0.29 2.92 0.31 3.15
AP diameter (in mm) 0.19 0.34 0.21 0.38 0.23 0.41 0.25 0.45 0.28 0.49

Cerebellar vermis
RC diameter (in mm) 0.72 –6.83 0.79 –7.48 0.84 –7.90 0.88 –8.32 0.95 –8.93
AP diameter (in mm) 0.53 –5.26 0.57 –5.69 0.60 –6.02 0.64 –6.38 0.70 –6.99

Transcerebellar diameter (in mm) 1.52 –12.48 1.60 –13.13 1.66 –13.60 1.72 –14.15 1.85 –15.23

AP, anteroposterior; RC, rostrocaudal.

© 2020 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2021; 58: 254–263.
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22.5-fold larger than the size at 15 weeks. In comparison,
the brainstem increased 5.6-fold overall, resulting in a
pronounced shift in the brainstem–vermian ratio, from
5.3 to 1.3. The pons was the brainstem substructure with
the greatest increase in area (10.1-fold), followed by the
medulla oblongata (5.3-fold) and the midbrain (3.3-fold).
The basis pontis increased 13.3-fold and the pontine
tegmentum increased 8.5-fold. The contribution of the
basis pontis to the total pons area increased moderately,
from 33.3% in the early second trimester to 44.0% at the
end of pregnancy. The areal contribution of the different
brainstem substructures changed markedly during the
time period examined, with the ratio of midbrain to pons
to medulla oblongata ranging from 2:1:1 at 15 weeks’
gestation, to 3:2:2 at 18 weeks, to 1:1:1 at 21 weeks, to
2:3:2 at the end of pregnancy. These changes were driven
mainly by a relative increase in the areal contribution of
the pons and a relative decrease in the areal contribution
of the midbrain (Figure 3). The areal contribution to the
brainstem of the pons (30.9%–44.1%) and the midbrain
(41.2%–28.9%) each changed significantly (P < 0.001 for
each) between the first 5 and the last 5 evaluated weeks
of gestation, while the areal contribution of the medulla
oblongata remained nearly the same, being 27.9% in the
first 5 weeks of the study period and 27.0% in the last
5 weeks (P = 0.332).

Figure 4 presents plots of the three evaluated cerebellar
parameters (vermian rostrocaudal and AP diameters,
and transcerebellar diameter) and the diameters of all

brainstem substructures. These showed linear growth,
with the transverse cerebellar diameter having the least
measurement spread. Similar to the area measurements,
the largest increase (in both AP and rostrocaudal
diameters) during the gestational time period examined
was observed in the vermis, and the second largest was in
the pons.

For the comparison of measurements in sequences
obtained by a 1.5-T and a 3-T MRI scanner, 15
age-matched pairs could be formed. The differences
in mean values between measurements performed
in sequences obtained using the two different field
strengths were small (mean ± SD difference for areas,
3.39 ± 1.71 mm2; for diameters, 0.21 ± 0.10 mm) and
without significance, with the greatest difference in area
being for the total pons (5.78 mm2) and the greatest dif-
ference in diameter being in the AP diameter of the pons
(0.41 mm).

For the comparison between fetuses with no pathologi-
cal findings and those with normal brain but other fetal or
maternal pathological findings, 23 age-matched pairs were
formed, among which we found no significant differences
(mean ± SD difference for diameters, 0.21 ± 0.18 mm;
for areas, 1.57 ± 0.91 mm2). The greatest difference in
length was for the AP diameter of the vermis (0.61 mm)
and the greatest difference in area was of the vermis
(3.11 mm2).

Table 2 Cross-sectional area percentiles (5th, 25th, 50th, 75th and 95th) in mm2 for fetal cerebellar vermis

PercentileGestational
week 5th 25th 50th 75th 95th

15 9.499 10.975 11.806 12.669 14.374
16 14.519 16.774 18.045 19.364 21.971
17 20.150 23.279 25.042 26.873 30.491
18 26.390 30.489 32.798 35.195 39.934
19 33.241 38.403 41.312 44.332 50.301
20 40.701 47.023 50.585 54.282 61.590
21 48.772 56.347 60.615 65.046 73.803
22 57.453 66.376 71.404 76.623 86.940
23 66.745 77.111 82.951 89.014 100.999
24 76.646 88.550 95.257 102.219 115.982
25 87.157 100.694 108.321 116.238 131.888
26 98.279 113.543 122.143 131.070 148.717
27 110.011 127.096 136.723 146.716 166.470
28 122.353 141.355 152.062 163.176 185.146
29 135.305 156.319 168.159 180.449 204.745
30 148.867 171.987 185.014 198.537 225.267
31 163.039 188.360 202.627 217.437 246.713
32 177.821 205.439 220.999 237.152 269.082
33 193.214 223.222 240.129 257.680 292.374
34 209.217 241.710 260.018 279.022 316.590
35 225.830 260.903 280.664 301.178 341.729
36 243.053 280.801 302.069 324.148 367.791
37 260.886 301.404 324.233 347.931 394.776
38 279.329 322.711 347.154 372.528 422.685
39 298.382 344.724 370.834 397.938 451.517
40 318.046 367.441 395.272 424.163 481.272

© 2020 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2021; 58: 254–263.
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Figure 2 Scatterplots of areas of the brainstem substructures and cerebellar vermis in the normal fetal brain according to gestational age in
weeks + days. Lines indicate 5th, 25th, 50th, 75th and 95th percentiles.
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Figure 3 Comparison of the brain of an 18 + 5-week (a) and a 36 + 1-week (b) fetus on T2-weighted magnetic resonance imaging. In the
younger fetus, the areal contribution of the midbrain is significantly greater than that of the pons (41.7% vs 33.9%), whereas, in the older
fetus, this relationship is reversed (32.3% vs 43.6%).

DISCUSSION

In this retrospective fetal MRI study, we demonstrated
that the fetal brainstem undergoes specific spatiotemporal
changes, with a relative increase in area of the pons
and decrease in that of the midbrain, during the second
and third trimesters. During the development of the
central nervous system, the future brainstem undergoes
a segmentation process that leads to patterning along
the AP and dorsoventral neuraxis23. After formation
of the neural tube, the primary brain vesicles, the
mesencephalon and rhombencephalon, develop into the
brainstem and cerebellum. The midbrain originates
from the mesencephalon, while the rhombencephalon
diverges further into the secondary brain vesicles, the
metencephalon (which gives rise to the cerebellum and
rostral pons) and the myelencephalon (predecessor of
the caudal pons and medulla oblongata)24. The precise
positioning, area and diameters of brainstem subunits
are defined by multiple genes and factors involved in
the AP and dorsoventral patterning process, in which
the isthmic organizer is crucial. This FGF8-expressing,
constrictive formation is located between the expanding
rostral mesencephalon and the caudal cerebellum and
regulates spatial regionalization through diverse signaling
pathways25. The molecular midbrain-hindbrain border
is determined by Otx2 expression rostrally and Gbx2
expression caudally26. The cerebellum develops from the
upper rhombic lip at the level of rhombomere 127,28. Due
to the complexity of the hindbrain patterning processes,
many developmental pathologies become morphologically
apparent through abnormal spatiotemporal patterning
of the brainstem29. To increase diagnostic certainty
in the detection of subtle pathologies prenatally, a
thorough understanding of the changing appearance
of the fetal brainstem and its quantitative aspects is
required. Morphological analysis and pattern recognition
on MRI of posterior fossa structures is more important

in the fetal setting than in the postnatal setting, as some
parents refuse invasive testing because of the small risk
of pregnancy loss30, and genetic testing is often not
available. Even when it is, the yield of genetic testing in
midbrain-hindbrain malformations varies. Some authors
emphasize that the evaluation of brainstem patterning
should play a central role in directing genetic screening31.
Systematic brain biometry is an essential instrument with
which to confirm or disprove the regular development of
the fetus12.

Not surprisingly, all diameters and areas evaluated in
this study showed a significant and strong correlation with
gestational age. This is in accordance with other biometric
ultrasound and fetal MRI studies, which showed a linear
relationship6–8,14. The areas of the cerebellar vermis and
pons showed the greatest increase over the time period
studied. This is neuroanatomically plausible, as these
structures are connected via multiple fibers. The most
prominent of these fibers are the main afferent cerebellar
tracts that originate in the pontine nuclei, traversing from
each side of the pons to the other, and enter the cerebellum
via the middle cerebellar peduncle32,33. The increase in the
size of the pons seems to be driven by growth of the basis
pontis, which showed a relative increase, from 33% of
the total pons area in the early second trimester to 44% at
the end of pregnancy. This has also been demonstrated by
anatomical studies and was suspected to be caused by a
considerable increase in the numbers of cells in the pontine
nuclei of the ventral pons, in addition to growth of the
pontocerebellar axons34. We found that the areal ratio
of brainstem substructures also reflected the pronounced
pontine growth during gestation, with the midbrain to
pons to medulla oblongata area ratio changing extensively
during the second and third trimesters, from 2:1:1 in the
early second trimester to 2:3:2 at the end of pregnancy.

There was no difference in our subgroup analysis
comparing 1.5-T and 3-T MRI, and there was no
difference in the age-matched comparison between fetuses

© 2020 The Authors. Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2021; 58: 254–263.
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Figure 4 Scatterplots of rostrocaudal (RC) and anteroposterior (AP) diameters of the brainstem substructures and cerebellum in the normal
fetal brain according to gestational age in weeks + days. Lines indicate 5th, 25th, 50th, 75th and 95th percentiles.
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with no pathological findings and those with normal brain
but other fetal or maternal pathological findings. The ICC
showed excellent correlation between observers, with a
mean value of 0.933, indicating that these measurements
are reproducible and reliable in the assessment of fetal
MRI biometry.

The biometric fetal MRI data presented in this study
can be applied in a variety of midbrain-hindbrain
malformations. Among these are genetic syndromes, such
as the group of pontocerebellar hypoplasias, which were
described initially by Barth et al.35 and are commonly seen
on fetal MRI, as well as secondary malformations due to
prenatal hemorrhagic events. Brainstem malformations
are a heterogeneous and complex group of pathologies36,
and neuroimaging, alongside genetic testing, plays a major
role in detecting, classifying and describing these and other
pathologies of the posterior fossa37.

A limiting factor in biometric morphological fetal MRI
studies is the small size of the structures of the posterior
fossa. In the earliest examined fetus, at a gestational age
of 14 + 0 weeks, the cerebellar vermian area measured
only 12.9 mm2 and the brainstem was 68.2 mm2. This
makes imaging, especially in the early second trimester,
prone to partial volume effects. Motion degradation is
also limiting, but, in this study, all three subjects with
motion artifacts were excluded. We did not use the
same magnetic field-strength in all subjects (9.9% were
acquired at 3-T), but the subgroup analysis showed no
differences, in either diameter or area measurements,
associated with the scanner type. We did not have a
large population of fetuses without any pathological
findings, so we relied on fetal MRI studies in cases with
limb or body malformations and no known syndromes,
which is common practice in fetal MRI studies. There
was no systematic prenatal genetic testing, but all cases
that had genetic abnormalities or syndromic features
during postnatal follow-up were excluded. Furthermore,
a subgroup analysis showed that there was no difference
between subjects without and those with maternal and/or
fetal pathological findings. There were only four cases
< 18 gestational weeks, rendering the measurements more
reliable from 18 weeks onwards.

In conclusion, we observed a differential spatiotemporal
growth pattern of fetal brainstem substructures, charac-
terized by an increase in area of the pons and decrease in
that of the midbrain, relative to the total brainstem area,
during the second and third trimesters of pregnancy in
vivo and in utero. Our findings are in accordance with
those of other biometric fetal MRI studies, although none
of these focused on the relative contributions of these
substructures. Caution is needed when interpreting fetal
brainstem appearance during the early second trimester,
as these brainstem proportions differ significantly from
the adult morphology. With the provided reference data,
fetal brainstem morphology can be quantified.

The reference data provided herein (Tables 1 and 2,
Figures 2 and 4) may be used to increase the accuracy
of the prenatal diagnosis of brainstem and cerebellar
malformations.
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SUPPORTING INFORMATION ON THE INTERNET

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

Table S1 Maternal and fetal pathological findings indicating fetal brain magnetic resonance imaging in the
study group

Table S2 Numbers of fetuses measured at each gestational week (GW). The gestational age ranged from 14 + 0
(GW = 15) to 39 + 2 (GW = 40) weeks. There are three peaks at which fetal MRI is commonly performed:
GW 21, 24 and 28
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