Eur Radiol (2017) 27:2110-2118
DOI 10.1007/s00330-016-4502-4

@ CrossMark

MAGNETIC RESONANCE

Volumetric MRI study of the intrauterine growth restriction

fetal brain

A. Polat' - S. Barlow' - R. Ber! - R. Achiron' - E. Katorza'

Received: 4 April 2016 /Revised: 25 June 2016 / Accepted: 30 June 2016 /Published online: 4 August 2016

© European Society of Radiology 2016

Abstract

Objectives Intrauterine growth restriction (IUGR) is a patho-
logic fetal condition known to affect the fetal brain regionally
and associated with future neurodevelopmental abnormalities.
This study employed MRI to assess in utero regional brain
volume changes in IUGR fetuses compared to controls.
Methods Retrospectively, using MRI images of fetuses at 30—
34 weeks gestational age, a total of 8 brain regions—
supratentorial brain and cavity, cerebral hemispheres, tempo-
ral lobes and cerebellum—were measured for volume in
13 fetuses with IUGR due to placental insufficiency and in
21 controls. Volumes and their ratios were assessed for differ-
ence using regression models. Reliability was assessed
by intraclass correlation coefficients (ICC) between two
observers.

Results In both groups, all structures increase in absolute vol-
ume during that gestation period, and the rate of cerebellar
growth is higher compared to that of supratentorial structures.
All structures’ absolute volumes were significantly smaller for
the IUGR group. Cerebellar to supratentorial ratios were
found to be significantly smaller (P <0.05) for IUGR com-
pared to controls. No other significant ratio differences were
found. ICC showed excellent agreement.

Conclusions The cerebellar to supratentorial volume ratio is
affected in IUGR fetuses. Additional research is needed to
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assess this as a radiologic marker in relation to long-term

outcome.

Key Points

* [UGR is a pathologic fetal condition affecting the brain

* IUGR is associated with long-term neurodevelopmental ab-
normalities; fetal characterization is needed

* This study aimed to evaluate regional brain volume differ-
ences in IUGR

* Cerebellar to supratentorial volume ratios were smaller in
IUGR fetuses

o This finding may play a role in long-term development of
IUGR fetuses

Keywords Brain - Cerebellum - Embryonic and fetal
development - [UGR - MRI

Abbreviations

CER Cerebellum

LH  Left cerebral hemisphere
LT Left temporal lobe

RH  Right cerebral hemisphere
RT Right temporal lobe

STB  Supratentorial brain

STC  Supratentorial cavity

TT  Total temporal lobes

Introduction

Intrauterine growth restriction (IUGR) is a pathologic slowing
of fetal growth, resulting in a fetus that is unable to reach its
growth potential [1]. Placental insufficiency is a common
aetiology for IUGR that affects 5-10 % of all pregnancies
[2]. Tt has been associated with metabolic [3], structural
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[4-7] and microstructural [3, 8] effects on the fetal and post-
natal brain, and may be a source of long-term future
neurodevelopment abnormalities that these fetuses have been
shown to have at increased rates [9].

Additional fetal studies are needed to further characterize
neurostructural differences in the [UGR brain and to target
imaging biomarkers.

Studies in [IUGR neonates and infants showed several brain
areas to have aberrant volume [10—13]. As for IUGR fetuses,
the volumetric brain evaluation approach was done by
Benavides-Serralde et al., who utilized 3D ultrasound imaging
to measure the frontal, thalamic and cerebellar regions of 24—
34 weeks gestational age [UGR and control fetuses, with a
pulsatility index in the umbilical artery above the 95th centile.
They showed that the [UGR fetuses have significantly smaller
net volumes for all structures except the thalamus. Significant
intergroup differences in the ratios between structures were
found only for those involving the frontal region [14]. In an-
other volumetric study by Sanz-Cortes et al. using MRI, the
cerebellar volume was shown to be increased in small for
gestational age (normal umbilical artery pulsatility index be-
low the 95th percentile) compared to appropriate for gesta-
tional age fetuses [15].

These results highlight the need for in utero MRI volumet-
ric evaluation of the IUGR brain. Volumetric MRI studies of
the fetal brain have been published in recent years, showing
volume growth trajectories during gestation [16, 17], and as-
sociating certain fetal pathologies with aberrant volume values
[15, 18-21].

The fetal brain is prone to blood flow redistribution in the
IUGR state [22, 23], which may affect the brain structures
regionally. Therefore, such an in utero multi-structural volu-
metric study approach can provide important information on
relative volume differences between brain regions, revealing
radiological biomarkers useful for characterization of these
fetuses in the future.

In this retrospective study we aimed to evaluate volume
and growth of several brain regions in fetuses suffering from
early onset IUGR due to placental insufficiency. A total of
eight brain regions and 10 of their ratios were assessed.

Materials and methods
Subjects

The study subjects comprised singleton pregnant women who
underwent MRI scans for fetal evaluation at the Chaim Sheba
Medical Center between 2011 and 2014. We focused on 30—
34 weeks gestational age fetuses. In our institution, the major-
ity of fetal MRI examinations are performed during the third
trimester, a critical period during which significant brain vol-
ume growth occurs [24].

As MRI is not a routine examination in antenatal diagnosis
[25], 21 fetuses were recruited as controls according to the
following criteria:

(a) No brain pathology was found on MRI scan according to
expert neuroradiologist opinion.

(b) Normal biometric brain values match gestational age ac-
cording to biometric population studies.

(c) No evidence of [UGR.

Among the fetuses who had an MRI brain examination in
our institution during these years, 13 were found to be suitable
for inclusion in the IUGR group. The group was defined ac-
cording to the following criteria in order to create a homoge-
neous group and take into account that IUGR is a heteroge-
neous condition:

(a) Referred to MRI for indication of IUGR.

(b) Fetal IUGR weight estimation was confirmed as less
than the 10th percentile adjusted to gestational age in
accordance with Dollberg curves [26].

(¢) TUGR explained by placental insufficiency, demonstrat-
ed by abnormal flow in umbilical artery (systolic to dia-
stolic ratio larger than 3 or absent end diastolic flow or
reverse flow), or abnormal uterine artery flow, and/or
thickened placenta on ultrasound, or low amniotic fluid
index.

(d) Absence of any other reason for [UGR after full investi-
gation was completed, in particular infections and chro-
mosomal and other genetic abnormalities.

For each fetus, information about presentation, sex, gesta-
tional age and maternal age was obtained. Pregnancies were
dated by crown—rump length measurement during the first
trimester.

MRI scans

This study was based on the routine fetal MRI procedure
carried out in our institution. Fetal brain MRI was
performed using a 1.5-Tesla system (Optima scanner,
GE Healthcare Technologies, Milwaukee, Wisconsin).
Single-shot fast spin echo T2-weighted sequences in
three orthogonal planes were performed using half
Fourier technique (NEX=0.53) with the following pa-
rameters: section thickness of 3 or 4 mm, no gap, flex-
ible coil (8-channel cardiac coil), FOV was determined
by the size of the fetal head with a range of 24 cm x
24 cm to 30 cm x 30 cm, acquisition time between 40
and 45 s, matrix 320/224, TE 90 ms, TR 1298 ms, pixel
bandwidth 122 Hz/pixel, SAR values were between 1.1
and 1.7 W/kg.
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Target variables

All measurements were taken on the coronal plane. For each
fetus a total of eight structures were evaluated for volume:
supratentorial brain, supratentorial cavity, cerebellum, right
and left cerebral hemispheres, and temporal lobes—total, right
and left. In addition, 10 ratios between these volumes were
assessed.

Volume measurement method

The best coronal sequence in terms of fetal motion was chosen
for all measurements in each fetus to get a clear detailed view
of each structure and its boundaries.

Image data was transformed from DICOM to TIFF format
and analysed with ImageJ (NIH) software.

Volumetric values were obtained by Cavalieri’s principle, a
calculation method used in similar studies [5, 18, 20]: delin-
eation was drawn manually through cursor-guided free-hand
traces on individual images. The region of interest (ROI)
traced on each image created an area that was multiplied by
the slice thickness to calculate the volume. ROI volumes from
successive slices were then summed to yield the full volume
of the desired region. Values are expressed in millilitres.

Anatomic boundaries

Coronal identification of structures was aided by reference to
MRI and histological atlases of the human fetal brain [27, 28].

Supratentorial brain

Anterior, posterior, superior and lateral boundaries were de-
lineated by the cerebral cortex (outer edge). The inferior bor-
der matched the cortex and an imaginary line crossing the
brainstem between the two ends of tentorium cerebelli
(Fig. 1a).

Supratentorial cavity
The supratentorial brain as described above in addition to

cerebrospinal fluid (CSF). Infratentorial structures—cerebel-
lum and cisterna magna—were excluded (Fig. 1b).

Hemispheres
Elucidated by midline cut of supratentorial brain delineation.

Left and right sidedness was discerned in accord with the
stomach and cardiac apex.
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Temporal lobes

Anterior, inferior and lateral borders were demarcated by
cortex; superiorly the Sylvian fissure and a straight line
connecting it with the uncus. The posterior boundary was
marked by the slice where the frontal and temporal horns of
lateral ventricles merge into the atria. Both lobes were drawn
separately (Fig. 1c, d).

Cerebellum

Cerebellar hemispheres were drawn with the cerebellar pedun-
cles and vermis. Brainstem and the 4th ventricle were exclud-
ed (Fig. le).

Statistical analysis

Variables are the brain structures mentioned in the previous
section and their ratios. Gestational age was represented as a
decimal number.

To test whether [IUGR fetuses have differences in volumes
and ratios compared to controls, a multiple regression model
was constructed, in which the dependent variable was regional
brain volume or ratio and the independent variables were a
dichotomized TUGR variable and gestational age. Thus, the
model coefficient for the [UGR variable could be interpreted
as the difference in regional brain volumes between cases and
controls, adjusted for gestational age. P < 0.05 was considered
statistically significant.

The associations between gestational age and volumes and
ratios were assessed in linear regression models separately for
cases and controls. Figures and parameters estimated (slope
and Y intercept at 30 weeks) with its confidence interval (CI,
defined as 95 %) are presented. Linear dependence was as-
sumed on the basis of other fetal brain volumetric studies
showing linear fit to be appropriate during this gestational
period [17, 19].

Analyses were done using IBM SPSS version 22.

Interobserver reliability

All results shown in this study were obtained by mea-
surements taken by the same observer. To validate con-
sistency of measurements and reliability of results, all
regions in the normal group were delineated indepen-
dently by another observer. Interobserver variability
was assessed by the intraclass correlation coefficient
(ICC) and its 95 % confidence intervals (CI). We con-
sidered an ICC value of more than 0.7 as excellent
agreement [4].
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Fig. 1 Delineation sample
images. a Supratentorial brain, b
supratentorial cavity, ¢ temporal
lobes, d posterior boundaries of
temporal lobes, e cerebellum

Results
Clinical characteristics of study population

The groups’ mean gestational age (SD, range) at MRI was
32.3 weeks (0.9, 30.6-34.3) and 31.6 weeks (1.1, 30-33.3)
for control and IUGR, respectively.

Eleven out of 21 (52.4 %) fetuses in the control group were
male, while six out of 13 (46 %) in IUGR group were male.
All fetuses except two (belonging to the IUGR group) were
imaged while on cephalic presentation.

Controls were referred due to suspicious ultrasound find-
ings (n = 10), a family history of developmental delay, inborn
malformations or genetic background (n =6), extracranial
malformation (n=3) and insignificant genetic finding
(n=2). No overt pathologic MRI findings were found, as
determined by a neuroradiologist.

All TUGR fetuses were below the 10th percentile in weight
according to Dollberg curves [26]; five of them were less than
the 3rd percentile and 10 were less than the 5th percentile.
Eight of the fetuses were documented to have abnormal flow
in the umbilical artery (systolic to diastolic ratio larger than 3
or absent end diastolic flow or reverse flow) or uterine artery.
Five were documented with thickened placenta by ultrasound
imaging and low amniotic fluid index, which pointed to pla-
cental insufficiency aetiology. Other reasons for IUGR, in
particular genetics or infections, were disproved for each of
the fetuses.

Interobserver variability assessment results

Overall volumetric estimations show excellent interobserver
reliability for all regions: the lowest ICC for volume was 0.91
(Table 1).

Multiple regression model

As shown in Table 2, all volumes tested were significantly
smaller for the IUGR group (P < 0.05). Significant differences
were also found for ratios involving the cerebellum in relation
to the supratentorial brain and cavity. However, most ratios are
similar between groups. No lobe asymmetry was found.

Linear regression model

All structures evaluated showed a tendency for positive vol-
ume growth during the relevant gestational period (Table 3,
Fig. 2). Rates of growth were similar for both groups. While
volume ratios (Fig. 3) remain steady for both groups, those
involving the cerebellum did not. The cerebellum grows pro-
gressively more in both groups compared to temporal lobes,
supratentorial brain and supratentorial cavity (Fig. 3g, i, j).

Table 1 Interobserver

reliability of Volume 1CC CI

measurements expressed

as intraclass correlation STB 0.98 0.93-0.99

coefficient (ICC) STC 0.96 0.85-0.98
RH 0.97 0.91-0.99
LH 0.96 0.88-0.98
RT 0.94 0.85-0.98
LT 091 0.64-0.97
TT 0.95 0.76-0.98
CER 0.95 0.87-0.98

STB supratentorial brain, STC supratentorial
cavity, RH right cerebral hemisphere, LH
left cerebral hemisphere, RT right temporal
lobe, LT left temporal lobe, 77 total tempo-
ral lobes, CER cerebellum
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Table 2 Groups’ clinical characteristics and average volumes and ratios with standard deviation (SD) are shown for control and IUGR groups

Control (n=21) IUGR (n=13)

Male proportion 52 % 46 %

Average + SD, median Range Average + SD, median Range

Gestational age (weeks.days) 32.3+0.6, 32.1 (30.6-34.3) 31.6+1.1,31.5 (30-33.3)

maternal age (years.months) 34.8+5.9,34.10 (29.641.10) 33.6+4.9,33.4 (23.940.3)

Volume (mL) Average = SD Range Average = SD Range P*
STB 197.0+21.8 (158.3-240.3) 162.0+30.4 (85.9-204.6) 0.002
STC 271.6+32.7 (216.8-365.1) 215.8+42.7 (110.7-266.1) 0.001
LH 98.6+10.9 (79.1-121.6) 80.6+14.9 (43.6-102.9) 0.001
RH 98.4+10.9 (79.2-118.7) 81.4+15.6 (42.3-102.8) 0.003
LT 11.3+1.3 (8.6-13.8) 8.9+2.0 (5.6-12.3) 0.001
RT 11.4+1.5 (8.6-14.3) 92+2.0 (5.7-12.4) 0.004
TT 22.8+2.7 (17.3-27.1) 18.0£4.0 (11.3-24.3) 0.001
CER 9.1+1.6 (5.9-11.7) 63+1.6 (2.9-8.5) 0.001

Ratio between structures
STB/STC 0.727 +£0.035 (0.658-0.781) 0.754 £0.046 (0.654-0.801) 0.056
LH/RH 1.002 +0.022 (0.963-1.047) 0.993 £0.027 (0.938-1.034) 0.242
TT/STB 0.116 +0.008 (0.096-0.132) 0.112+0.017 (0.083-0.14) 0.253
TT/STC 0.084 +£0.008 (0.063-0.1) 0.085+0.016 (0.056-0.104) 0.996
LT/LH 0.115+0.008 (0.09-0.127) 0.111+0.018 (0.077-0.145) 0.197
RT/RH 0.116+0.01 (0.102-0.14) 0.114+0.016 (0.083-0.135) 0.399
TT/CER 2.537+0.358 (2.046-3.332) 2.969 +0.704 (1.819-3.95) 0.102
LT/RT 1.001 +£0.081 (0.864-1.155) 0.966 +0.06 (0.866—1.075) 0.226
CER/STB 0.046 +0.006 (0.034-0.055) 0.039 +£0.005 (0.028-0.047) 0.003
CER/STC 0.034+0.004 (0.023-0.04) 0.029 +£0.004 (0.021-0.033) 0.020

Abbreviations are defined in Table 1

*P value was calculated from multivariable regression analysis adjusted for gestational age

Discussion

As the ITUGR state manifests with neural [3—5] and blood
distribution [22, 23, 29] changes in the brain, our interest
was to look for relative regional brain volume changes. The
results evidence relative cerebellar decrease compared with
other brain structures in IUGR fetuses, in addition to absolute
reduction in all net volumes.

Volume values in our study are comparable to those that
were shown by other MRI volumetric studies.

The supratentorial brain measurements yield volumes com-
parable to cerebrum values shown by Clouchoux et al. [17].

A temporal lobe effect in the [IUGR brain was suggested by
studies demonstrating reduced hippocampal volume on pre-
mature [UGR infants at term [30], and temporal lobe grey and
white matter volumetric changes in premature [IUGR infants at
12 months of age [12]. In our study temporal lobes to
supratentorial brain and cavity ratios were not significantly
different compared to control (Table 2; Fig. 3c, d).

Our results showed that all structures increased during the
30-34 weeks gestation period and that the cerebellum
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enlarges progressively more compared to the supratentorial
structures (with positive CI except for the [IUGR temporal lobe
and cerebellar ratios; see Fig. 3g, 1, j). This observation is in
agreement with data from Clouchoux et al. [17], who showed
that the cerebellum has a greater maturation rate in volume
compared to other brain regions.

Average cerebellar volumes in our study were 9.1 = 1.6 mL
for control and 6.3 +1.6 mL for IUGR. Grossman et al.
showed that the cerebellar volume is in the range of roughly
5-15 mL for this gestational age [20]. Clouchoux et al. pre-
sented figures of around 10—15 mL [17]. Our results for con-
trol and IUGR fit the 95th and 50th percentiles, respectively,
of cerebellar volume data shown by Hatab et al. [16].
Discrepancies may be explained by variations of boundary
definitions, distinct planes of measurements or different slice
thickness.

Studies have already demonstrated the cerebellar volume to
be altered in the IUGR or small for gestational age (SGA)
states. Sanz-Cortes et al. performed MRI volumetric assess-
ment of the cerebellum in 37 weeks gestational age fetuses
and showed it to be increased in small for SGA fetuses
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Table 3 Simple linear model
values of a (rate of growth in mL/ b (GA 30) Cl a CI R
week) and b (GA = 30), which is
the Y intercept (in mL) when STB Control 1655 142.5-188.5 13.8 44232 0.331
X'=30, are shown with IUGR 133.0 104.2-161.7 16.9 2.7-31.1 0.383
confidence interval for each STC Control 2309 194.2-267.7 17.8 2.8-32.9 0.245
volume/ratio
IUGR 178.2 135.9-220.5 21.9 1.042.8 0.326
LH Control 82.3 71.0-93.7 7.1 2.5-11.8 0.350
IUGR 66.8 52.5-81.2 8.1 0.9-15.1 0.361
RH Control 83.2 71.4-95.0 6.7 1.9-11.5 0.307
IUGR 66.2 52.7-80.7 8.9 1.7-16.0 0.402
LT Control 9.5 8.1-11.0 0.8 0.2-1.3 0.295
IUGR 7.9 5.6-10.3 0.5 —-0.6to 1.7 0.085
RT Control 9.7 7.9-11.5 0.7 0.1-1.5 0.191
IUGR 8.2 6.0-10.4 0.6 0.5t 1.7 0.103
TT Control 19.3 16.2-22.3 1.5 0.3-2.8 0.261
TUGR 16.1 11.6-20.7 1.1 -12t034 0.095
CER Control 5.8 4.6-7.0 1.4 1.0-1.9 0.665
IUGR 4.7 3.2-6.1 1.0 0.3-1.7 0.448
STB/STC Control 0.718 0.672-0.763 0.004 —0.015 to 0.022 0.010
IUGR 0.751 0.696-0.806 0.002 —0.026 to 0.029 0.002
LH/RH Control 0.991 0.963-1.019 0.005 —0.007 to 0.016 0.036
IUGR 1.013 0.985-1.041 -0.012 —0.025 to 0.002 0.235
TT/STB Control 0.116 0.106-0.126 0.000 —0.004 to 0.004 0.001
IUGR 0.122 0.104-0.141 —0.006 —0.015 to 0.003 0.155
TT/STC Control 0.083 0.072-0.094 0.000 —0.004 to 0.005 0.001
IUGR 0.092 0.074-0.11 —0.004 —0.013 to 0.005 0.079
LT/LH Control 0.116 0.106-0.126 0.000 —0.005 to 0.004 0.003
IUGR 0.120 0.099-0.14 —0.005 —0.015 to 0.005 0.105
RT/RH Control 0.116 0.103-0.129 0.000 —0.005 to 0.005 0.001
TUGR 0.125 0.107-0.142 —0.007 —0.015 to 0.002 0.201
TT/CER Control 3.082 2.713-3.451 -0.239 —0.39 to —0.088 0.367
IUGR 3.536 2.812-4.259 —0.331 —0.689 to 0.027 0.273
LT/RT Control 0.996 0.892-1.1 0.002 —0.041 to 0.045 0.001
IUGR 0.963 0.891-1.035 0.002 —0.034 to0 0.037 0.001
CER/STB Control 0.037 0.031-0.043 0.004 0.002-0.006 0.406
IUGR 0.035 0.029-0.041 0.002 —0.001 to 0.005 0.210
CER/STC Control 0.027 0.022-0.031 0.003 0.001-0.005 0.400
IUGR 0.026 0.023-0.03 0.002 0-0.003 0.292

Abbreviations are defined in Table 1

compared to appropriate for gestational age (AGA) fetuses
[15]. Their SGA cohort contained fetuses with normal umbil-
ical artery pulsatility index below the 95th percentile, i.e. pla-
cental insufficiency was not an inclusion criterion. Another
study, using 2D ultrasound, presented increased transverse
cerebral diameter to abdominal circumference ratio in
growth-restricted fetuses [31]. It is noteworthy that the 3D
ultrasonography evaluation of Benavides-Serralde et al., men-
tioned in the “Introduction”, did not indicate significant cere-
bellar volume difference in IUGR of fetuses 28-34 weeks
gestational age [14], and Padilla et al. actually showed preterm

IUGR infants to have reduced volume of cerebellar white
matter at 12 months of age [12]. The results of these studies,
in addition to ours, demonstrate that the cerebellum is prone to
volume changes in the IUGR state. The fluctuations between
results may reflect the fact that the IUGR population is het-
erogeneous. In this regard we remark that 10 out of 13 [UGR
fetuses in our study were under the 5th percentile, five of them
being less than the 3rd. Additional research is needed to fur-
ther characterize these differences in the [UGR population, to
determine whether these changes persist into later life and
their relation to neurobehavioral outcome [9, 32].
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Fig.2 Simple linear regression models of the target variable as a function
of time are shown for each volume. A plot was not drawn for some
because of negligible differences. For each variable, a linear model, Y=

A pathophysiologic explanation for cerebellar volume
changes in IUGR may reside in the hypoxic nature of this
condition. Studies in sheep showed that a prolonged period
of placental insufficiency, resulting in fetal hypoxemia, can
affect growth of the cerebellum, with a reduction in cell num-
ber and cell size [33, 34]. An additional proposed mechanism
is haemodynamic brain redistribution [22, 23] in [UGR that
can induce regional reorganization of the brain reflected as
regional volume changes.

Intrauterine growth retardation children were shown to
have lower school achievement and intelligence scores [9].
As the role of the cerebellum in high cognitive functioning
is well recognized [35], an interesting question arises as to
whether abnormal cerebellar growth during pregnancy is the
key for this observation.

We acknowledge some limitations of this study. Follow-up
after birth to assess if findings are associated with
neurodevelopmental outcome is absent from our research.
Another limitation is the relatively small sample size.
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Gestational age [weeks]

b +a x X, was calculated for both groups, where Y is the variable tested
(absolute volume) and X is gestational week time. Abbreviations are
defined in Table 1

However, considering other fetal brain volumetric studies
[14, 19, 20], we focused on a shorter period of gestation—
the number of fetuses evaluated per unit of time is not equiv-
alently smaller. As this study’s approach is multi-structural
with the aim of assessing of several structures, manual
measurements of each fetus were very time consuming.
Nevertheless, this study was able to produce statistically sig-
nificant statements. Finally, in comparison to our MRI proto-
col, a 3D MRI protocol enables more accurate volume mea-
surement, although this protocol is still not in common use
worldwide. Our method is technologically simple, easy to
learn and reproducible.

As for the strengths, our assessment was done using
MRI, which provides good visibility of the whole brain
independent of the fetal presentation, produces slices eas-
ily in three planes and makes it possible to measure the
brain itself in the supratentorial space [36]. Volumetric
MRI research of the fetal brain is gaining popularity
and showing some interesting results [19, 21, 37].
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Fig.3 Simple linear regression models of the target variable as a function
of time are shown for each volume. A plot was not drawn for some
because of negligible differences. For each variable, a linear model, Y=

Automated segmentation methods have been developed
to make this approach a less time-consuming and more
effective tool in the clinical field [17]. Considering that
IUGR is a heterogeneous condition with several aetiol-
ogies, we examined a homogenous IUGR group, which
is an additional strength of our study.

To conclude, the study shows that in IUGR fetuses
of 30-34 weeks gestational age the cerebellum to
supratentorial volume ratio is smaller. This is added to
results of other studies showing this structure’s volume
to be affected in the IUGR brain. Future research is
needed to characterize these changes in light of IUGR
pathophysiological processes and aetiologies, and to pro-
vide information about its effect on neurodevelopmental
outcome.
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