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Correlation between 2D and 3D Fetal Brain MRI Biometry
and Neurodevelopmental Outcomes in Fetuses with
Suspected Microcephaly and Macrocephaly

S. Fried, ““ M. Gafner, “*'D. Jeddah, ““N. Gosher, “*'D. Hoffman, ““R. Ber, E. Katorza

A. Mayer, and

ABSTRACT

BACKGROUND AND PURPOSE: Definitions of fetal microcephaly and macrocephaly are debatable. A better understanding of their
long-term prognoses would help guide parental education and counseling. This study aimed to explore the correlation between 2D
and 3D fetal brain MR imaging biometry results and the long-term neurodevelopmental outcomes.

MATERIALS AND METHODS: This analysis is a historical cohort study. Fetal brain biometry was measured on 2D and 3D MR imaging
using a volumetric MR imaging semiautomated algorithm. We measured and assessed the following brain structures: the supraten-
torial brain volume and cerebellar volume and cerebellar volume/supratentorial brain volume ratio, in addition to commonly used
2D brain MR imaging biometric variables, including occipitofrontal diameter, biparietal diameter, and transcerebellar diameter.
Microcephaly was defined as = 3rd percentile; and macrocephaly, as = 97th percentile, corresponding to —2 SDs and +2 SDs. The
neurodevelopmental outcome of this study cohort was evaluated using the Vineland-Il Adaptive Behavior Scales, and the measure-
ments were correlated to the Vineland standard scores.

RESULTS: A total of 70 fetuses were included. No significant correlation was observed between the Vineland scores and either the
supratentorial brain volume, cerebellar volume, or supratentorial brain volume/cerebellar volume ratio in 3D or 2D MR imaging
measurements, after correction for multiple comparisons. No differences were found among fetuses with macrocephaly, normoce-
phaly, or microcephaly regarding the median Vineland standard scores.

CONCLUSIONS: Provided there is normal brain structure on MR imaging, the developmental milestone achievements in early years
are unrelated to 2D and 3D fetal brain MR imaging biometry, in the range of measurements depicted in this study.

ABBREVIATIONS: BPD = biparietal diameter; CV = cerebellar volume; HC = head circumference; IQR = interquartile range; OFD = occipitofrontal diame-

ter; STV = supratentorial brain volume; TCD = transcerebellar diameter; US = ultrasound

M easurement of head circumference (HC) is a key element
in the routine prenatal ultrasonographic screening of the
fetus. Fetal macrocephaly and microcephaly are defined as an
ultrasonographic occipitofrontal circumference of >2 SDs above
the mean and 3 SDs below the mean, respectively.”* There is a
lack of published data regarding the correlation between brain
MR imaging biometry and neurodevelopmental outcome.
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When macrocephaly appears prenatally, its diagnosis is usu-
ally made during the third trimester, especially when no other
anomalies are found.? There is no consensus with respect to the
neurodevelopmental outcomes of macrocephaly. Some studies
describe this condition as benign, while others associate it with
lower intelligence and motor function.”® Similar results are of-
ten observed regarding isolated fetal microcephaly, while defini-
tions of this condition are debatable.” Leibovitz et al® described
the tendency toward overdiagnosis of microcephaly in prenatal
ultrasound (US).® Stoler-Poria et al” showed that prenatal diag-
nosis of a head circumference between 2 and 3 SDs below
the mean does not portend an abnormal neuropsychological
development.

When suspicion of an abnormal head circumference arises, in
many medical centers, it is a common practice to refer for fetal
brain MR imaging to obtain additional information regarding
brain development. Detailed anatomic US screening, neuroso-

nography, and genetic counseling are also frequently obtained.”'’
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A previous study from our group demonstrated significant agree-
ment among US, 2D MR imaging, 3D MR imaging, and the head
circumference at birth in the classification of suspected microce-
phaly and macrocephaly. It raised the question of the additional
value of fetal brain MR imaging in the evaluation of isolated fetal
microcephaly and macrocephaly."' We expand on this previous
study and aim to explore this question with the same cohort of
fetuses by examining the neurodevelopmental outcomes of
fetuses according to their measured brain biometry on 2D and
3D MR imaging.

MATERIALS AND METHODS

This historical cohort study was approved by the Chaim Sheba
Medical Center institutional review board (0256-13-SMC).
Informed consent was obtained from all women who participated
in this study.

Subjects

The subjects of this study were all women with singleton preg-
nancies who underwent fetal brain MR imaging at our tertiary
medical center between 2011 and 2018 during their third tri-
mester. Given the study aims, we recruited the subjects in clusters
according to the indication of their MR imaging examinations.
These included individuals with either US-suspected microcephaly
or macrocephaly and those with non-neurologic reasons such
as a sibling with a neurologic abnormality for the normocephaly
group.

The inclusion criteria for this study were MR imaging
scans that were clear and unambiguous enabling easy assess-
ment of measures, a full neurosonogram examination per-
formed by an obstetrician/gynecologist expert in fetal
sonography, and delivery at our medical center. Exclusion
criteria were suspicion of intrauterine growth retardation,
women with a multiple pregnancy, an associated major brain
anomaly, termination of pregnancy, and unwillingness of
parents to participate in the interview. We included fetuses
with the following findings that are considered a normal or
minor variant:'? a narrow cavum septum pellucidum, doli-
chocephaly, minor dilation of the subarachnoid space, mega
cisterna magna, and short intact corpus callosum, as has been
acceptable in similar studies."*™"

Information regarding the pregnancy, fetal sex, genetic test-
ing, and US findings was obtained from the medical records.

MR Imaging. This study was based on our routine fetal MR
imaging procedure. We used a 1.5T system. Single-shot fast
spin-echo T2-weighted sequences in 3 orthogonal planes were
performed using a half-Fourier technique (number of excita-
tions = 0.53) with the following parameters: section thick-
ness = 3 or 4 mm, no gap, flexible coil (8-channel cardiac coil).
FOV was determined by the size of the fetal head with a range
of 24 x 24cm to 30 X 30cm, acquisition time = 40-45 sec-
onds, matrix = 320/224, TE = 90ms, TR = 1298 ms, pixel
bandwidth = 122 Hz/pixel. Specific absorption rate values
were between 1.1 and 1.7 W/kg.'
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Semiautomated Algorithm of Volumetric MR Imaging
Measurements

We used a semiautomated algorithm developed by our group."
The algorithm is based on the initial manually outlined contour
of the ROI in the brain parenchyma of the midcoronal section.
On the basis of the signal intensity, the contour is then automati-
cally propagated into a more accurate one. The algorithm then
proceeds to propagate forward and backward, drawing contours
automatically for all the slices. Later, manual adjustments are
made to attain maximal precision. The total volume is calculated,
summing up the volume of voxels enclosed by each contour.

Measurements

The measurements were performed on the coronal plane. We
measured and assessed 2 brain structures, the supratentorial brain
volume (STV) and the cerebellar volume (CV), and calculated
the ratio between the cerebellar volume and the supratentorial
brain volume (CV/STV). These volumes were converted to per-
centiles according to percentile tables derived from healthy
fetuses, obtained from a previous publication from our group."’
The anatomic boundaries of the brain structures are as follows:'”

Supratentorial Brain. The supratentorial brain included the pa-
renchyma of the frontal, parietal, occipital, and temporal lobes,
including the third ventricle. The lateral ventricles, cerebellum,
brain stem, and fourth ventricle were excluded. The boundaries
of the parenchyma were defined as the outer edge of the cerebral
cortex. The inferior border matched the cortex and the “imag-
ined” line crossing the brain stem between the edges of the tento-
rium cerebelli.

Cerebellum. The cerebellum included the cerebellar peduncles
and vermis and excluded the brain stem and the fourth ventricle.
In addition, 2D MR imaging measurements, performed for
clinical purposes by an expert neuroradiologist (E.K.), were
obtained from the original MR imaging evaluation, namely, the
occipitofrontal diameter (OFD), biparietal diameter (BPD), and
transcerebellar diameter (TCD). They were then converted to
percentiles according to reference ranges of Tilea et al."®
Microcephaly was defined as equal or less than the 3rd per-
centile, and macrocephaly, as equal or more than the 97th per-
centile, corresponding the threshold of —2 SDs and +2 SDs.

Neurodevelopmental Outcome

The fetuses were evaluated at least 6 months after birth using the
Vineland-IT Adaptive Behavior Scales.' This is a commonly used
interview-based questionnaire that evaluates 4 domains of devel-
opment of the child from birth to adulthood. These include com-
munication skills, motor skills, socialization skills, and daily
living skills.

Because the expression of adaptive behavior changes through-
out life, the scores are age-normalized and then added to an
adaptive behavior composite,”® which is characterized by a mean
score of 100 and an SD of 15" This study used the published
Israeli version of the questionnaire. Because Israeli norms for the
full age ranges are not available and because there was no reason
to believe that children in the United States and Israel will de-
velop motor and mental skills differently, we used the American



Table 1: Descriptive statistics of the study population

Statistics
Maternal age at birth (median) (IQR) (yr) 34 (29.8-36.0)
Fetal sex
Male (No.) (%) 34 (48.6%)
Female (No.) (%) 36 (51.4%)
Abnormal triple test findings (No.) (%) 3(4.3%)
Abnormal nuchal translucency findings (No.) (%) 3 (4.3%)

Karyotype (No.) (%)
Not performed
Normal findings

31(44.3%)
39 (55.7%)

Abnormal findings 0 (0%)
Chromosomal microarray (No.) (%)

Not performed 48 (68.6%)

Normal findings 21 (30%)

Abnormal findings 1(1.4%)
Length of pregnancy (mean) (SD) (wk) 38.8 (1.3)

Table 2: 2D and 3D fetal brain MR imaging biometric
parameters

Characteristics Median IQR
OFD (mm) 985 93.0-102.3
OFD (centile) 57.5 28.8-90.0
BPD (mm) 77.0 72.8-80.0
BPD (centile) 40.0 10.0-75.0
TCD (mm) 450 419-48.0
TCD (centile) 50.0 40.0-75.0
STV (mm?) 220.294 192,195-248,017
STV (centile) 28.0 4.0-843
cV (mm?) 12.683 10,604-15,114
CV (centile) 48.5 12.8-77.5
CV/STV 0.058 0.052-0.065
CV/STV (centile) 58.5 32.0-88.5

norms. An abnormal Vineland score was defined as a standard
score of a subdomain or as an adaptive-level composite standard
score of <86 (low or moderately low adaptive level).”*

Statistical Analysis

Categoric variables were presented as frequency and percentage.
Continuous variables were summarized as mean and SD or me-
dian and interquartile range (IQR). The Spearman rank correla-
tion coefficient was used to study the association between the
Vineland scores and brain parameters. In further analysis, the
brain parameters (percentiles) were categorized using the 3rd
and 97th percentiles as threshold values for microcephaly and
macrocephaly, respectively. The median Vineland scores were
compared between healthy fetuses and those with microcephaly
and between healthy fetuses and those with macrocephaly using
the Mann-Whitney U test. The Benjamini-Hochberg procedure
(false discovery rate) was used to adjust the P values to avoid
errors due to multiple comparisons. Differences between our
cohort and the fetuses that were lost to follow up were studied
using the Mann-Whitney U or y” test. All statistical tests were
2-sided, and P<.05 was considered statistically significant.
SPSS software was used for all statistical analyses (IBM, 2017).

Intraclass Correlation Coefficient
Interobserver and intraobserver variability were evaluated by com-
paring measurements of 10 fetuses from this cohort made by 2

independent observers with 10 other measurements measured twice
by the same observer, respectively. We calculated the intraclass cor-
relation coefficient and its 95% confidence intervals. We defined
good agreement as 0.6 = intraclass correlation coefficient =0 .74
and excellent agreement as intraclass correlation coefficient =
0.75%

RESULTS

A total of 88 fetuses were recruited for the study. Eighteen (20%)
fetuses were excluded from the study. Sixteen (18%) fetuses were
either lost to follow-up or lost due to parental refusal for an inter-
view. These fetuses were found to be similar to the rest of the
cohort (Online Supplemental Data). The other 2 fetuses (2%) were
excluded due to termination of pregnancy. The demographic
details of the mothers and fetuses are shown in Table 1. Obstetric
data of the cohort are presented in the Online Supplemental Data.

MR Imaging Biometrics

The median gestational age at time of MR imaging was 34.3
weeks (IQR, 32.5-36.6 weeks). The 2D and 3D measurements are
presented in Table 2. A total of 16 (23%) and 11 (16%) fetuses
had STV s of =3rd and = 97th percentiles, respectively. This was
achieved by recruiting the fetuses in clusters according to the in-
dication for the MR imaging, to have enough data points at the
margins of the curve. Of these fetuses, 10 (14%) were =1st per-
centile and 8 (11%) were = 99th percentile.

Neurodevelopmental Outcomes
The Vineland-II Adaptive Behavior scores of our cohort are pre-
sented in the Online Supplemental Data. The median age of the chil-
dren at time of the interview was 55.5 months (IQR, 26.8-75.0
months). The correlations between the biometric parameters and
the Vineland composite scores are presented in Figs 1 and 2 for
macrocephaly and microcephaly, respectively, as well as in the
Online Supplemental Data. We initially found negative correlations
between the 2D MR imaging BPD and the daily living skills subdo-
main score, 3D MR imaging STV and the daily living skills subdo-
main score, and the 3D MR imaging CV/STV ratio and the motor
and daily living skills subdomains scores. However, after we used
the Benjamini-Hochberg procedure to adjust the P values for multi-
ple comparisons, all the above correlations were found to be statisti-
cally insignificant. Furthermore, no significant differences were
found when comparing the median Vineland scores between fetuses
with microcephaly and healthy fetuses and fetuses with macroce-
phaly and healthy fetuses, using the 3rd and 97th percentiles as
thresholds, respectively (Tables 3 and 4; Online Supplemental Data).
The only child who had a low adaptive behavior composite
score in the cohort had a diagnosis of Soto syndrome, a rare auto-
somal dominant overgrowth syndrome that is associated with
cognitive impairment, which was made at 4 months of age. This
fetus did not have extreme biometry, with measurements of the
90th percentile for the OFD and BPD, 10th percentile for the
TCD, 98th percentile for STV, 52nd percentile for CV, and 5th
percentile for the CV/STV ratio. The 8 children who had moder-
ately low composite scores had quite variable brain volumes: Two
had an STV = 3rd percentile, 2 had an STV =97th percentile,
and 4 had a normal STV. Regarding genetics, only 1 fetus had

AJNR Am J Neuroradiol ®:@ @ 2021 www.ajnr.org 3



140
130

° °
o 120 oo
S L4
g 110 g . . L ~
bl plt— [ [ L) [
& 100 Y % e
° . e %o -
& 90 L3 o ® . .
@ F-b-F-FF=-===|- — o — — — —8
"% 80 P (]
o 70
£
> 60

50 .

a0

0 10 20 30 40 50 60 70 80 20 100

A STV volume (centile)

140

130

0 e o
o 120 L] ° °
3 110 $e' H . * P ]
L)

'E b . * %o,
F100 =0 —— > -2 289
S 90 o & i o o ® - °
= - —g— = = |2g=[— —|— —|— —|— F— ®
- 80 ('Y °
&
a 70
£
> 60

50
40

B

10 20 30 40 50 60

Cerebellar volume (centile)

70 80 90 100

FIG 1. Scatterplots of the Vineland Il Adaptive Behavior standard score
normocephalic biometry.

140

. . Y
o 120 r (1]
9 [ J
%110 &g ° . LA ) °
o ] o °
e

5100 ° o %o ¥ e
= .’ . °
c 90 % % ° \_.
e == == == == - - — — =
?:3 [
o 70
=
> 60

50

40

0 10 20 30 40 50 60 70 80 92 100

A STV volume (centile)

140

130

. * o

o 120 . °
S » 8. oo ° ° °
9110 @ o H - o ®
2 ba .-, * %
5 100 Qe © [ . ee |07
< 90 o & — o o ° °
{2 N I A YU NN . PO N . [ [
T 80 Ty 04
< 70
=
> 60

50 o

40

0 10 20 30 40 50 60 70 80 % 100

B

Cerebellar volume (centile)

[ * * $
5 120 o ® : g . . :
2 110 ° s ] (] °
pd —. o ®
S 100 4 * =
] . 3 3 *——v
S 90 s o © * $ oo
2] —— e ¢ "= = == 8
2 8o
2 + . .
k]
AGE) 70
> 60
50 (]
40
0 10 20 30 40 50 60 70 80 20 100
C OFD (centile)
140
130
o © T
120 ° °
s ] : S . )
z 110 ° ) I : e o ] .
S 100 "> o $ - - ! .
2 g o ° . S
S 9 $ H - .
- I - e e e b e b o e - -— — —
5 — — & - .- s
2 ) b ]
s
< 70
&
> 60
50 .
40
0 10 20 30 40 50 60 70 80 90 100
D BPD (centile)

according to STV (A), CV (B), OFD (C), and BPD (D). Macrocephalic and

140

130
o o ° *
5 120 . ° .
8 * 1 . g ° .
2 110 ° '] [ ] [ ]
5 — 2 ¢ .
< 100 ' 3 ] 3 : —r————
8
g 90 | & _._0_0_ e o t_ —
2 s | ® L) ®
s ' . .
2 70
£

60

50 .

40

0 10 20 30 40 50 60 70 80 90 100

C OFD (centile)

140

130

120 . .
- o : g . ® ]
s 110 ° ° .
B - o . T
& 100 | o 4 2 Lo
@ 0 ® L . - .
2 o0 | o8 8 s . ° .
s
3 |m e -7 —o— |— —8— —
£ 8 ° .
s L]

70

60

50 .

40
D 0 10 20 30 40 50 60 70 80 90 100

BPD (centile)

FIG 2. Scatterplots of the Vineland Il Adaptive Behavior standard score according to STV (A), CV (B), OFD (C), and BPD (D). Microcephalic and

normocephalic biometry.

abnormal findings on a chromosomal microarray test. This fetus
did not have an abnormal Vineland score.

Interobserver and Intraobserver Variability

All volumetric intraclass correlation coefficients for both inter-
observer and intraobserver results were excellent (Online
Supplemental Data).
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DISCUSSION

In this study, we aimed to find correlations between 2D and
3D fetal brain MR imaging biometry and long-term neur-
odevelopmental outcomes using the Vineland-II Adaptive
Behavior Scales. The results of this study show no correlation
among MR imaging STV, CV, the STV/CV ratio, OFD, BPD,
or TCD and the neurodevelopmental outcomes when tested as



Table 3: Comparison of Vineland-Il Adaptive Behavior standard scores between fetuses
with microcephaly and healthy fetuses according to 2D and 3D fetal brain MR imaging

The definition of fetal microcephaly
is also a matter of controversy.”**>** MR

. a
biometry imaging evaluation of the fetal brain
Percentile of biometric value 4-96 <3 P Value : .
= is usually performed following the
IR imaging o STV (No. of.fetuses) 43 16 sonographic suspicion of microcephaly,
Adaptive behavior composite score 99 (109-90) 104 (116-91) 44 allowing th  the brai
MR imaging 3D CV (No. of fetuses) 53 owng e.assessment ofthe ra.m pa-
Adaptive behavior composite score 99 (1-91) 97 (M-83) 51 renchyma directly and the gathering of
MR imaging 2D OFD (No. of fetuses) 58 more information regarding the devel-
Adaptivg behavior composite score 99 (M-71) 107 NA opment of the fetus’s brain.”
Ui imaging 2R ?PD Bt of Ui 6l The neurodevelopmental outcome
Adaptive behavior composite score 98 (11-89) 104 (108-95) 68

Note:—NA indicates not applicable.

? Continuous variables are presented as median (IQR). P value refers to the Mann-Whitney U test.

Table 4: Comparison of Vineland-11 Adaptive Behavior standard scores between fetuses
with macrocephaly and healthy fetuses according to 2D and 3D fetal brain MR imaging

of fetal microcephaly has been exam-
ined in different studies. Kurtz et al*
argued that the measurement of fetal
HC 1-3 SDs below the mean on a US
examination carries a reasonable
hope that the fetuses will develop

normally. Stoler-Poria et al” found a

biometry® o )

Percentile of biometric value 4-96 297 P Value negative hne.ar correlation between .a
MR imaging 3D STV (No. of fetuses) 43 n smaller HC in utero and later cogni-
Adaptive behavior composite standard score 99 (109-90) 98 (109-84) 31 tive function but no adverse neuro-
MR imaging 3D CV (No. of fetuses) 53 8 psychological outcomes in children
Adaptive behavior composite standard score 99 (1M-91) 94 (106-84) 19 with fetal HCs 2-3 SDs below the
MR imaging 2D OFD (No. of fetuses) 58 mn norm. According to the Society of
Adaptive behavior composite standard score 99 (IN-71) 90 (108-86) 13 L. .

MR imaging 2D BPD (No. of fetuses) 61 3 Obstetricians and Gynecologists of
Adaptive behavior composite standard score 98 (11-89) 102 93 Canada, when the HC measurement

® Continuous variables are presented as median (IQR). P value refers to the Mann-Whitney U test.

continuous variables or when categorized into normal versus
abnormal biometry.

When microcephaly or macrocephaly is suspected in a fetus,
it is often a challenge to counsel parents, especially when fetuses
lack extreme head biometry or additional malformations.
Accurate detection of those conditions is important to avoid
overdiagnosis that might result in unjustified termination of
pregnancy and underdiagnosis that might result in the birth of a
child carrying an unfavorable prognosis.

There is no consensus in the literature regarding the neurode-
velopmental outcome of infants with macrocephaly. An associa-
tion between macrocephaly and low intelligence or cognitive or

d’6,24,25

motor function is often reporte yet other publications

describe healthy or even better functioning children.****
Information regarding the neurodevelopmental outcome of
fetuses diagnosed in utero with macrocephaly is scarce. Biran-
Gol et al’ found that an in utero sonographic finding of a head
circumference between 2 and 3 SDs above the mean for gesta-
tional age, when no associated brain malformations are present,
does not necessarily portend long-term abnormal neuropsycho-
logical development. They also acknowledged the low specificity
of a fetal US-measured enlarged head circumference, raising the
question of whether fetal sonography can accurately predict mac-
rocephaly at birth. Here, we present similar results, because no
correlation was found between a large supratentorial brain or cer-
ebellum and neurodevelopmental outcomes of fetuses, meaning
that even the finding of a large brain parenchymal volume on
MR imaging does not indicate a poor neurologic prognosis.

is lower than 3 SDs below the norm,
it should be considered an anomaly.”!
Deloison et al®’> showed, in a rela-
tively large population of fetuses with
US-measured HC lower than the 5th percentile, that those with
poorer outcomes had other associated findings rather than iso-
lated microcephaly. Our results were similar; we did not find
any difference in the neurodevelopmental outcome of fetuses
with brain biometry = 3rd percentile, compared with the 4th to
96th percentiles.

A limitation of our study is that MR imaging examinations were
performed in a relatively advanced week of gestation compared
with those at other centers worldwide. This might be because suspi-
cion of microcephaly and macrocephaly usually does not appear on
US before the third trimester.>** This feature might also reflect the
local policy that allows termination of pregnancy in the second and
third trimesters in cases of suspected severe fetal disabilities includ-
ing brain pathologies.’® Furthermore, although the Vineland-II
Adaptive Behavior scores are commonly applied in children of birth
to toddler age, subtle developmental delays may not be apparent
until an older age and might have been missed in this study.”

This study is unique in that it focuses on microcephaly and
macrocephaly, defined as abnormal head circumference findings,
through the prism of measurements obtained on MR imaging.
This feature is important because to our knowledge, no defini-
tions of these pathologic conditions, when detected on MR imag-
ing, are available. The strengths of this study are a relatively large
cohort of fetuses and a long period of follow-up.

CONCLUSIONS
This study shows that developmental milestone achievements are
unrelated to the MR imaging biometry of the fetal brain. This

AINR Am J Neuroradiol ®:@ @ 2021 www.ajnr.org 5



information can be useful for physicians when counseling parents

of fetuses with suspected microcephaly and macrocephaly detected

on MR imaging. Further studies with additional data are needed to

better reassure parents of fetuses with large and small brain biome-

try when MR imaging findings are normal.
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