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ABSTRACT
Objective To measure changes in the posterior fossa of first-trimester fetuses with trisomy 18, trisomy 13 and triploidy.

Methods Brain stem (BS) diameter and BS to occipital bone (BSOB) diameter were measured in images of the
midsagittal view of the face at 11+0 to 13+6 weeks from 45 trisomy 18, 21 trisomy 13 and 15 triploid fetuses and
compared with values in 162 euploid fetuses.

Results In euploid fetuses BS and BSOB diameters increased significantly with crown–rum length and the BS to
BSOB ratio decreased. In all three aneuploidies BSOB diameter was significantly higher than in euploid fetuses. In
trisomy 18 and trisomy 13, the BS diameter and BS to BSOB ratio were decreased. The BS to BSOB ratio was below
the 5th percentile in 16 (35.6%), 17 (81.0%) and 5 (33.3%) of trisomy 18, trisomy 13 and triploidy, respectively. In 7
(8.6%) of the aneuploid fetuses there was open spina bifida and in all these cases the BS to BSOB ratio was above
the 95th percentile.

Conclusions At 11 to 13 weeks’ gestation many fetuses with trisomy 18, trisomy 13 and triploidy have measurable
abnormalities in the posterior brain. © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION
In the midsagittal view of the fetal face used for measurement
of fetal nuchal translucency (NT) thickness in screening for
aneuploidies at 11 to 13 weeks’ gestation, there are measurable
abnormalities in the posterior brain, which can lead to the
diagnosis of open spina bifida.1–5 In open spina bifida the
brain stem (BS) diameter is increased, the BS to occipital
bone (BSOB) diameter, containing the fourth ventricle and
cisterna magna, is decreased and the BS to BSOB ratio
is increased.4

A recent study reported that the anteroposterior diameter of
the fourth ventricle, measured in the axial plane at 11 to 13
weeks’ gestation, in fetuses with trisomy 18, trisomy 13 and
triploidy, but not in trisomy 21, was higher than in euploid
fetuses.6 This increase was attributed to the association
between these aneuploidies and the Dandy–Walker mal-
formation spectrum, which is characterized by complete or
partial agenesis of the vermis and cystic dilation of the fourth
ventricle and the posterior cranial fossa.7–10

The aim of this study is to determine if in the midsagittal
view of the fetal face fetuses with trisomy 18, trisomy 13 and
triploidy at 11 to 13 weeks’ gestation have alterations in the
BS and BSOB diameters and their ratio.

METHODS
The posterior fossa was examined in stored images of the
midsagittal view of the fetal face at 11+0 to 13+6 weeks from
fetuses with trisomy 18, trisomy 13 and triploidy and euploid
controls. The images were obtained by transabdominal
ultrasonography immediately before chorionic villous sampling
for fetal karyotyping in pregnancies identified by first-trimester
combined screening to be at high-risk for aneuploidies.11

The ultrasound examination included measurement of
fetal NT thickness and crown–rump length (CRL) and
detailed examination of the fetal anatomy for the detection
of major defects.12 Gestational age was calculated from the
fetal CRL.13 Demographic characteristics and ultrasound
findings were recorded in a fetal database at the time of
the examination. A search of the database was carried out
to identify all cases of trisomy 18, trisomy 13 and triploidy
examined between December 2009 and January 2012. Each
case of aneuploidy was matched with two euploid fetuses
examined on the same day.

The stored images of cases and controls were placed in the
same folder and were examined by a sonographer with extensive
experience in first-trimester scanning who had obtained the
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to 13 weeks scan. This sonographer, who was unaware of the
pregnancy outcomes, examined the posterior brain and used
the calipers of the ultrasound machine to measure the BS
diameter as the distance between the posterior border of
the sphenoid bone and the middle of the line produced by
the posterior border of the brain stem and the anterior
border of the fourth ventricle (A), and the BSOB diameter as
the distance between A and the anterior border of the occipital
bone, as previously described (Figure 1).4 The BS to BSOB ratio
was calculated.

Statistical analysis
Continuous and categorical variables were compared using
Mann–Whitney U-test and w2-test, respectively, with post hoc
Bonferroni correction.

In each euploid and aneuploid fetus the measured diameters
and their ratio were subtracted from the respective mean for
CRL from previously reported ranges derived from the study
of 1000 normal fetuses4 to calculate the delta value. Normality
of delta values was assessed by inspection of probability plots
and histograms. The Kolmogorov–Smirnov test showed that
the delta values were not significantly different from Gaussian
distribution for some but not all measurements in all groups.
Consequently, Mann–Whitney test, with post hoc Bonferroni
correction, was used to examine the significance of difference
in median delta-values between each group of aneuploid and
euploid fetuses.

The statistical software package SPSS 19.0 (SPSS Inc., Chicago, IL)
was used for data analyses.

RESULTS
The demographic and pregnancy characteristics of the study
population are summarized in Table 1.

In euploid fetuses the median delta BS diameter was �0.039
(interquartile range (IQR) �0.229 to 0.146), delta BSOB
diameter was �0.045 (IQR �0.406 to 0.286) and delta BS
to BSOB ratio was �0.002 (IQR �0.058 to 0.042), which
were not significantly different (p = 0.986, p= 0.243, p= 0.115,
respectively) from values in our previous study of 1000 normal
fetuses (Figure 2).4

In all three aneuploidies the BSOB diameter was higher than
in euploid fetuses (Table 2, Figure 3). In trisomy 18 and trisomy
13, the BS diameter and BS to BSOB ratio were significantly
lower than in euploid fetuses. The BS to BSOB ratio was below

the 5th percentile in 16 (35.6%), 17 (81.0%) and 5 (33.3%) of
trisomy 18, trisomy 13 and triploidy.

Detailed ultrasound examination had demonstrated that in 7
(8.6%) of the aneuploid fetuses there was an open spina bifida,
including 4 of the cases with trisomy 18, 1 of trisomy 13 and 2
of triploidy. In all 7 cases of open spina bifida the BS to BSOB
ratio was above the 95th percentile (Figure 3).

DISCUSSION
The findings of this study demonstrate that at 11 to 13 weeks’
gestation many fetuses with trisomy 18, trisomy 13 and
triploidy have measurable abnormalities in the posterior brain.

In aneuploid fetuses with open spina bifida, compared with
normal fetuses, the BS diameter is higher, the BSOB diameter
is lower and the BS to BSOB ratio is substantially higher. These
findings are likely to be the consequence of the Chiari II
malformation, which is thought to be due to leakage of
cerebrospinal fluid into the amniotic cavity, hypotension in
the cerebral ventricular system and subarachnoid spaces and
caudal displacement of the hindbrain.14,15 Such displacement
results in compression of the fourth ventricle-cisterna magna
complex within the confined space between the sphenoid
and occipital bones.4,5

In all three aneuploidies the BSOB diameter was increased
and the BS to BSOB ratio was below the 5th percentile in about
one-third of fetuses with trisomy 18 and triploidy and in 81% of
fetuses with trisomy 13. Possible explanations for the increased
BSOB diameter in these aneuploidies are an underlying
Dandy–Walker malformation or delayed development of the
posterior fossa. Cystic malformations in the posterior fossa
have been classified on the basis of their embryological origin
into those of the rostral area with abnormal development of
the cerebellum as in Dandy–Walker malformation and those
of the caudal area with inadequate opening of the foramina
of Magendie and Luschka, which are often transient and of
no pathological significance.16–19

Sonographic studies have reported that a cyst in the posterior
fossa in early pregnancy can be a transient finding in normal
fetuses,20,21 but it has also been described in association with
subsequently diagnosed Dandy–Walker malformation.22,23 A
study involving ultrasound examination of the brain of 31 live
births with trisomy 18 reported that the most common brain
lesion was cerebellar hypoplasia, which was observed in 32%
of the cases.24 Another clinical and subsequent pathological

Figure 1 Midsagittal view of the fetal brain at 12 weeks’ gestation demonstrating the measurements of BS diameter and BSOB diameter in a
normal fetus (left), one with triploidy and a posterior fossa cyst (middle) and one with trisomy 18 and spina bifida (right)
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Figure 2 Individual measurements of BS diameter, BSOB diameter and BS to BSOB ratio in euploid fetuses plotted on the appropriate
reference range for crown–rump length (median, 5th and 95th centiles) derived from the study of 1000 normal fetuses4

Table 2 Comparison of BS diameter, BSOB diameter and BS to BSOB ratio between euploid, trisomy 18, trisomy 13 and triploid
fetuses from this study and 1000 normal fetuses in a previous study4

Measurement
Euploid fetuses

(n=162) Trisomy 18 (n=45) Trisomy 13 (n=21) Triploidy (n=15)

Delta BS diameter in mm,
median (IQR)

�0.039 (�0.229 to 0.146) �0.525 (�0.634 to �0.07)** �0.672 (�0.923 to�0.599)** �0.144 (�0.557 to �0.469)

Delta BSOB diameter in mm,
median (IQR)

�0.045 (�0.406 to 0.286) 0.121 (�0.266 to 0.863)* 0.577 (0.231 to 0.816)** 0.669 (�0.857 to 1.330)*

Delta BS to BSOB ratio,
median (IQR)

�0.002 (�0.058 to 0.042) �0.132 (�0.234 to 0.003)** �0.237 (�0.252 to�0.189)** �0.149 (�0.213 to 0.166)

IQR, interquartile range.
Comparisons by Mann–Whitney test, with post hoc Bonferroni correction for multiple comparisons.
*p<0.0167, **p<0.001

Figure 3 Individual measurements of BS diameter, BSOB diameter and BS to BSOB ratio in trisomy 18 (black circles), trisomy 13 (blue circles)
and triploidy (red circles) plotted on the appropriate reference range for crown–rump length (median, 5th and 95th centiles) derived from the
study of 1000 normal fetuses.4 The open circles represent fetuses with open spina bifida

A. F. A. Ferreira et al.
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study of the brain of five neonates with trisomy 18 and two
with trisomy 13 demonstrated hypoplasia of the cerebellar
hemispheres and vermis with dilatation of the extracerebellar
space in all cases.25

The findings of this study provide further support in favor of
assessing the posterior fossa during the 11 to 13 weeks scan.
The BS and BSOB can be measured in the same midsagittal
view of the fetal face as the one obtained routinely for
measurement of fetal NT. An increase in the BS to BSOB ratio
raises the possibility of an underlying spina bifida and should
stimulate the sonographer to undertake detailed examination
of the fetal spine. A decrease in the BS to BSOB ratio raises
the possibility of trisomy 18, trisomy 13 or triploidy and should
stimulate the search for the other first trimester sono-
graphic features of these aneuploidies.11 The extent to which

assessment of the posterior fossa is useful in early screening
for Dandy–Walker malformation in euploid fetuses remains
to be determined.

WHAT’S ALREADY KNOWN ABOUT THIS TOPIC?

• In open spina bifida at 11 to 13 weeks’ gestation the BS diameter is
increased, the BSOB diameter is decreased and the BS to BSOB
ratio is increased.

WHAT DOES THIS STUDY ADD?

• In trisomy 18 and trisomy 13 at 11 to 13 weeks BS diameter and
BS to BSOB ratio are lower than in euploid fetuses.

• In trisomy 18, trisomy 13 and triploidy the BSOB diameter is
increased.

REFERENCES
1. Nicolaides KH, Azar GB, Byrne D, Mansur CA, Marks K. Nuchal

translucency: ultrasound screening for chromosomal defects in the first
trimester of pregnancy. BMJ 1992;304:867–9.

2. Snijders RJ, Noble P, Sebire N, Souka A, Nicolaides KH. Fetal Medicine
Foundation First Trimester Screening Group. UK multicentre project on
assessment of risk of trisomy 21 by maternal age and fetal nuchal-
translucency thickness at 10–14 weeks of gestation. Lancet
1998;352:343–6.

3. Chaoui R, Benoit B, Mitkowska-Wozniak H, Heling KS, Nicolaides KH.
Assessment of intracranial translucency (IT) in the detection of
spina bifida at the 11-13-week scan. Ultrasound Obstet Gynecol
2009;34:249–52.

4. Lachmann R, Chaoui R, Moratalla J, Picciarelli G, Nicolaides KH.
Posterior brain in fetuses with open spina bifida at 11 to 13 weeks.
Prenat Diagn 2011;31:103–6.

5. Chaoui R, Nicolaides KH. Detecting open spina bifida at the 11–13-week
scan by assessing the posterior brain region: mid-sagittal or axial plane?
Ultrasound Obstet Gynecol 2011;38:609–12.

6. Loureiro T, Ferreira AFA, Ushakov F, Montenegro N, Nicolaides
KH. Dilated fourth ventricle in fetuses with trisomy 18, trisomy 13
and triploidy at 11–13 weeks’ gestation. Fetal Diagn Ther 2012;
(in press).

7. Nicolaides KH, Snijders RJM, Gosden CM, Berry C, Campbell S.
Ultrasonographically detectable markers of fetal chromosomal
abnormalities. Lancet 1992;340:704–7.

8. Nyberg DA, Mahony BS, Hegge FN, et al. Enlarged cisterna magna and
the Dandy-Walker malformation: factors associated with chromosome
abnormalities. Obstet Gynecol 1991;77:436–42.

9. Ulm B, Ulm R, Deutinger J, et al. Dandy-Walker malformation
diagnosed before 21 weeks of gestation: associated malformations
and chromosomal abnormalities. Ultrasound Obstet Gynecol
1997;10:167–70.

10. Ecker LJ, Shipp TD, Bromley B, Benacerraf B. The sonographic diagnosis
of Dandy-Walker and Dandy-Walker variant: associated findings and
outcomes. Prenat Diagn 2000;20:328–32.

11. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 weeks. Prenat
Diagn 2011;31:7–15.

12. Syngelaki A, Chelemen T, Dagklis T, Allan L, Nicolaides KH. Challenges
in the diagnosis of fetal non-chromosomal abnormalities at 11–13
weeks. Prenat Diagn 2011;31:90–102.

13. Robinson HP, Fleming JE. A critical evaluation of sonar crown rump
length measurements. Br J Obstet Gynaecol 1975;182:702–10.

14. McLone DG, Knepper PA. The cause of Chiari II malformation: a unified
theory. Pediatr Neurosci 1989;15:1–12.

15. McLone DG, Dias MS. The Chiari II malformation: cause and impact.
Childs Nerv Syst 2003;19:540–50.

16. Blake JA. The roof and lateral recesses of the fourth ventricle,
considered morphologically and embryologically. J Comp Neur
1898;10:79–106.

17. Wilson JT. On the nature and mode of origin of the foramen of
Magendie. J Anat 1906;71:423–8.

18. O’Rahilly R, Müller F. Ventricular system and choroid plexuses of the
human brain during the embryonic period proper. Am J Anat
1990;189:285–302.

19. Kollias SS, Ball WS Jr, Prenger EC. Cystic malformations of the posterior
fossa: differential diagnosis clarified through embryologic analysis.
Radiographics 1993;13:1211–31.

20. Bronshtein M, Zimmer EZ, Blazer S. Isolated large fourth ventricle in
early pregnancy – a possible benign transient phenomenon. Prenat
Diagn 1998;18:997–1000.

21. Goldstein I, Makhoul IR, Tamir A, et al.Ultrasonographic nomograms of
the fetal fourth ventricle. J Ultrasound Med 2002;21:849–56.

22. Achiron R, Achiron A, Yagel S. First trimester transvaginal
sonographic diagnosis of Dandy-Walker malformation. J Clin
Ultrasound 1993;21:62–4.

23. Nizard J, Bernard JP, Ville Y. Fetal cystic malformations of the
posterior fossa in the first trimester of pregnancy. Fetal Diagn Ther
2005;20:146–51.

24. Lin HY, Lin SP, Chen YJ, et al. Clinical characteristics and survival of
trisomy 18 in a medical center in Taipei, 1988–2004. Am J Med Genetics
2006;140A:945–51.

25. Inagaki M, Ando Y, Mito T, et al. Comparison of brain imaging and
neuropathology in cases of trisomy 18 and 13. Neuroradiology
1987;29:474–9.

Fourth ventricle in aneuploidies

Prenatal Diagnosis 2012, 32, 1–5 © 2012 John Wiley & Sons, Ltd.


