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for OSB is feasible in routine first-trimester scans. The BS/
BSOB ratio shows a very good sensitivity and specificity. In
cases with near-normal values for the BS/BSOB ratio, the CM
width might be helpful for further assessment.
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Introduction

Open spina bifida (OSB) affects approximately 1 in
1,000 newborns [1]. The description of the banana sign
[2] caused by caudal displacement of the brainstem (BS)
with consecutive obliteration of the cisterna magna (CM)
has significantly improved the diagnosis of OSB at the 20week scan. In addition to screening for chromosomal aberrations, the examination of fetal anatomy is an important part of routine first-trimester screening. A significant proportion of severe structural abnormalities can
already be detected at this stage of pregnancy [3]. Early
diagnosis of fetal malformations provides parents with
ample time for decision-making and, for OSB in particular, counseling regarding intrauterine treatment options.
There is evidence that the development of the Chiari
II malformation due to caudal displacement of the BS and
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Abstract
Objective: The aim of this study was to investigate the performance of screening for open spina bifida (OSB) integrated
into the routine first-trimester screening. Method: This is a
prospective multicentre study of 4,755 women undergoing
first-trimester ultrasound scans over a 4-year period. Measurements of the brainstem (BS) diameter and brainstem-tooccipital-bone (BSOB) distance were performed. The cisterna magna (CM) was measured in the tilted axial view. Results: Pregnancy outcome data were available for 4,658
fetuses included in this study. There were 5 fetuses with OSB,
and in all of them, the BS/BSOB ratio and the CM measurements were abnormal. The sensitivity and specificity of a BS/
BSOB ratio >1 were 100%. The sensitivity of a CM width <5th
centile was 100%, and the specificity was 95.1%. In 4.6% of
cases, the BS/BSOB ratio was between the 95th percentile
and 1. In 87.1% of these cases, the CM was normal, and 12.9%
had a CM below the 5th percentile. Conclusion: Screening
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Fig. 1. a Transabdominal sonography of a

1
IT

CM

Methods
Patients
This is a prospective multicentre cohort study comprising
4,755 women presenting for their first-trimester assessment at the
Fetal Medicine Unit of the Department of Gynecology and Obstetrics of the Medical University Hospital Innsbruck, Austria, and the
Ambulatorium für Fetalmedizin, Feldkirch, Austria, between
April 2011 and July 2015. Both centers offer first-trimester screening for a low-risk population but also serve as tertiary care referral
units. This study was approved by the local Ethics Committee (reference number UN 4096; 292/4.12 and 293/4.2), and informed
consent was obtained from all patients.
In addition to the routine first-trimester scan, in all fetuses
with a crown-rump length (CRL) between 45 and 84 mm, the
posterior fossa was investigated by transabdominal sonography
using a Voluson E8 ultrasound machine (GE Medical Systems
Kretztechnik, Zipf, Austria) equipped with a RAB 4–8-MHz
probe. Measurements of the BS and BSOB distance in a midsag-
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the obliteration of the CM as a consequence of cerebrospinal fluid leakage begins early in pregnancy, and changes are present in the fetal brain at the time of the firsttrimester scan. In recent years, different screening methods for abnormalities of the fetal cerebral posterior fossa
have been described [4–8]. Among the first was the observation of Lachmann et al. [7], who described, in the
midsagittal view of the fetal head, the increased diameter
of the BS and the reduced distance between the posterior
border of the BS and the anterior border of the occipital
bone (brainstem-to-occipital-bone (BSOB) distance),
leading to an increased BS/BSOB ratio. Egle et al. [6] examined the fetal head in a tilted axial view and provided
reference values for the fourth ventricle and the CM. The
objective of this prospective study was to examine the
performance of screening for OSB when integrated into
the routine first-trimester assessment.
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ittal view were performed as described by Lachman et al. [7]. For
these measurements, the “distance 2 lines” measurement tool of
the ultrasound equipment was used. The first line was set along
the posterior border of the sphenoid bone, the second line along
the border between the brain stem and the border of the fourth
ventricle, and the third line along the anterior border of the occipital bone. The distance between the first and second line represents the BS, and the distance between the second and third
line is the BSOB (Fig. 1a). The CM was measured in the tilted
axial view as described by Egle et al. [6]. Both methods of the
measurements of fossa posterior structures are standardized,
and intra-und interobserver variability was proven to be good.
Measurements in midsagittal view are shown in Figure 1a. A
normal CM in the tilted axial view is depicted in Figure 1b. All
scans were performed by adequately trained and FMF-certified
doctors.
Hospital delivery records, detailed ultrasound examination
data at the anomaly scan between 20 and 23 weeks or details from
standardized phone interviews with the parents after delivery of
the children, were obtained to exclude open and closed spine defects. The diagnosis of OSB was ascertained by postpartum pathological examination. Cases with missing pregnancy outcome data
were excluded, including cases of miscarriage, intrauterine death,
and termination of pregnancy without pathological examination
of the fetus. The data of the normal population were used to construct reference values.
Statistical Analysis
We provide frequencies and percentages for categorical variables and mean (SD) or median (IQR) for metric measurements
dependent on their distribution. Spearman’s rank correlation coefficient (rs) was used to calculate associations between quantitative
variables. Quantile regression was used to estimate median and
5/95th percentile reference ranges for the diameters of CM, BS,
BSOB, and BS/BSOB diameter ratio.
Estimations of sensitivity and specificity (95% confidence intervals) are provided for the BS/BSOB ratio above 1 and for the BS/
BSOB ratio above the 95th percentile. The 5th percentile of the CM
diameter was investigated as an additional potential diagnostic
threshold. The statistical software packages SPSS 24.0 (SPSS, Chicago, IL, USA) and STATA 14 (StataCorp, College Station, TX,
USA) were used for data analyses.
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fetus in a midsagittal view with a normal
fossa posterior. BS, BSOB diameter, IT, the
future CM, and the choroid plexus of the
4V can be easily visualized. b Transabdominal sonography of the fetal head in a tilted
axial view, showing a normal fetus, CRL 66
mm with a normal fossa posterior. BS,
brainstem; BSOB, brainstem-occipital
bone; IT, intracranial translucency; CM,
cisterna magna; 4V, 4th ventricle.

2

5

Cisterna magna, mm

BS/BSOB, mm

1.5

1

0.5

3
2
1
0

0

a

4

50

60

CRL, mm

70

80

b

50

60

CRL, mm

70

80

Fig. 2. a Measurements of the ratio between the BS diameter and BSOB diameter in fetuses with OSB (big squares)
and normal controls (small squares). b Measurements of the CM width in the tilted axial view plotted on the reference range for CRL in fetuses with OSB (big squares) and normal controls (small squares). BS, brainstem; BSOB,
brainstem-occipital-bone; CRL, crown-rump length; CM, cisterna magna.

Table 1. Characteristics of study population

Of the 4,949 fetuses included in this study, 4,658 had
available pregnancy outcome data. There were 328 twin
(7%) and 30-triplet (0.6%) pregnancies. Of the 291 (5.9%)
fetuses without pregnancy outcome data, 71% were lost
to follow-up, 12% ended in a miscarriage or intrauterine
death, and 17% ended in termination of pregnancy due to
chromosomal anomalies, fetal abnormalities other than
OSB, or unknown reasons. There were 5 cases of OSB giving an incidence of 1.07 in 1,000 pregnancies in our study
population. The mean CRL was 66.7 mm (SD 7.94). The
mean maternal age was 32.7 years (SD 5.28). The demographic data and ultrasound data of our study population
are shown in Table 1.
BS, BSOB, and CM width correlated significantly with
CRL and increased with gestational age: CM (rs = 0.63),
BS (rs = 0.49), and BSOB (rs = 0.77). The BS/BSOB ratio
slightly decreased with advancing gestation (rs = 0.27).
The relation between CRL and BS/BSOB and CM are depicted in Figure 2a and b, respectively. The CRL length
was used as regression predictor in the quantile regression model. There was an increase with CRL in BS (0.853
+ 0.0361 × CRL in mm, R2 = 0.14) and BSOB diameter
(−0.66 + 0.086 × CRL in mm, R2 = 0.38). The median BS/
BSOB ratio decreased with CRL (0.91–0.004 × CRL, R2 =
0.04; Fig. 2a), whereas the median diameter of CM in98
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Values

Mean

SD

Maternal age, years
BMI
CRL, mm
NT, mm
BS, mm
BSOB, mm
CM, mm

32.7
23.7
66.73
1.98
3.27
5.01
2.03

5.28
4.79
7.94
0.58
0.55
0.89
0.57

CRL, crown-rump length; NT, nuchal translucency; BS,
brainstem; BSOB, brainstem-occipital bone; CM, cisterna magna;
SD, standard deviation.

creased with CRL (−1.21 + 0.05 × CRL, R2 = 0.23; Fig. 2b).
The reference ranges for BS/BSOB and CM ratio are depicted in Table 2.
This series included 5 cases of OSB (Fig. 3) and 2 cases
of spina bifida occulta. All cases with OSB were detected
in the first trimester. Cases with spina bifida occulta
showed normal values for CM, BS, BSOB, and the BS/
BSOB ratio and were detected only on the second-trimester anomaly scan.
The detection rate for all cases of OSB with a BS/BSOB
ratio >1 was 100%, with a false-positive rate of 0% (95%
Tiechl/Abdel Azim/Leitner/Berger/
Mutz-Dehbalaie/Goebel/Scheier
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CI, 99.9–100). When the 95th percentile of the BS/BSOB
ratio was used, the detection rate for OSB remained the
same (100%) but the false-positive rate was 4.7% (95% CI,
94.6–95.9). A CM measurement below the 5th percentile
showed a detection rate for OSB of 100%, with a falsepositive rate of 4.9% (95% CI, 94.4–95.7). In all cases with
OSB, the CM measurements were below the 5th percentile as shown in Figure 2b. In 4.6% of cases, the BS/BSOB
ratio was between the 95th percentile and the arbitrary
cutoff of 1. In these cases, 87.1% had a normal CM width.
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Fig. 3. Median sagittal section (1) and tilted axial view (2) of the
posterior fossa in fetuses with OSB. a CRL 51 mm, BS/BSOB 1.04;
CM 0.1 mm. b CRL 63 mm, BS/BSOB 1.09; CM 0.9 mm. c CRL 66
mm, BS/BSOB 1.20; CM 0.8 mm. d CRL 76 mm, BS/BSOB 1.46;
CM obliterated. e CRL 84 mm, BS/BSOB 1.31; CM obliterated. BS,

brainstem; BSOB, brainstem-occipital-bone; CRL, crown-rump
length; OSB, open spina bifida.
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This prospective study demonstrates the excellent performance of the BS/BSOB ratio for OSB screening when
incorporated into the first-trimester assessment in a routine clinical setting, with a sensitivity and specificity of
100%. CM measurements below the 5th centile also show
a 100% sensitivity but at a false-positive rate of 4.9%. BS/
BSOB ratio above 1 performs better regarding specificity.
However, for cases with a BS/BSOB ratio close to 1, the
addition of the measurement of CM might ease the diagnosis of a fossa posterior malformation, as the extent of
deviation from normal might not be equally pronounced
in both measurements as shown in Figure 4. The addition
of CM measurements further helps to exclude 87% of the
falsely positive identified fetuses by an increased BS/
BSOB ratio above the 95th percentile.
In cases with OSB, the BS is displaced caudally and dorsally causing eventually an increase in the diameter of the
BS measurements and an obliteration of the fourth ventricle and the CM. These changes are the anatomical basis
of the different ultrasound markers observed in fetuses
with OSB in the first trimester. Latest research on fetuses
with OSB has shown an increase in the incidence of Chiari
II malformations from 31% before 16 weeks to 91.6% after
16 weeks. In the exposed cord, significant neural loss is
present already before 16 gestational weeks and extends
progressively over time [9]. Fietz et al. [10] demonstrated
impaired neocortical development in fetuses with OSB
and cell cycle changes in neuronal progenitor cells leading

Color version available online
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Fig. 4. All 5 cases of OSB plotted with their respective BS/BSOB ratio (purple squares) and CM measurements
(blue dots). All OSB cases have a BS/BSOB ratio above 1 (purple line) and a CM below the 5th centile (dashed
blue line). BS, brainstem; BSOB, brainstem-occipital-bone.

Table 2. Reference values (95% CIs) of BS/BSOB ratio and CM based on measurements in healthy fetuses at 11–
14 weeks’ gestation according to CRL categories

n

5th percentile

50th percentile

95% percentile

BS/BSOB ratio
CRL, mm
45–54
55–64
65–74
75–84

289
1,460
1,986
788

0.49 (0.44–0.51)
0.49 (0.48–0.50)
0.48 (0.47–0.50)
0.45 (0.44–0.46)

0.69 (0.68–0.72)
0.68 (0.67–0.68)
0.64 (0.63–0.66)
0.60 (0.59–0.61)

0.94 (0.90–0.95)
0.88 (0.86–0.90)
0.83 (0.81–0.84)
0.77 (0.75–0.80)

CM width, mm
CRL, mm
45–54
55–64
65–74
75–84

278
1,411
1,889
719

0.9 (0.8–0.91)
1.1 (1.02–1.1)
1.4 (1.39–1.41)
1.6 (1.5–1.8)

1.3 (1.2–1.4)
1.7 (1.69–1.71)
2.1 (2.09–2.11)
2.6 (2.59–2.7)

2.1 (2.0–2.2)
2.5 (2.4–2.6)
2.9 (2.89–3.0)
3.5 (3.4–3.6)

95% confidence intervals of the reference values were calculated based on 1,000 bootstrap replications. CRL,
crown-rump length; BS/BSOB, brainstem-to-brainstem occipital bone; CM, cisterna magna.
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ranges of the fourth-ventricle anteroposterior diameter
according to CLR in 200 normal fetuses. For this structure, they coined the term intracranial translucency (IT).
In another 4 fetuses affected by spina bifida, there was a
complete obliteration of the IT. Lachmann et al. [7] found
in fetuses with OSB an increased BS diameter and a deTiechl/Abdel Azim/Leitner/Berger/
Mutz-Dehbalaie/Goebel/Scheier
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to a marked reduction in radial neocortical thickness.
These findings emphasize the importance of early diagnosis for potential early fetal intervention.
In recent years, many studies have investigated the performance of different markers in the detection of OSB in
the first trimester. Chaoui et al. [4] published reference

creased BSOB distance due to caudal displacement of the
BS and compression of the fourth ventricle. This study
described the accurate technique for measurement of the
BS diameter and the brainstem-to-occipital-bone diameter in a midsagittal section. The ratio between these parameters named BS/BSOB was found to be above 1 in all
30 fetuses with OSB [7]. In the same year, Chaoui et al.
[11] published a series of 6 cases of OSB, wherein they
found an increased BS/BSOB ratio of ≥1 in all cases, an
obliterated IT in only 2 of the 6 cases but a reduced amount
of fluid in the other 4 cases. Solt et al. [12] conducted a
retrospective study on stored first-trimester images to examine the efficacy of nonvisualization of the IT in fetuses
with spina bifida. They found a detection rate of only 45%
for nonvisualization of IT in cases with spina bifida [12].
Likewise, the retrospective study by Mangione found that
nonvisualization of IT was associated with a relatively low
detection rate for all observers and only moderate agreement between specialists [13]. Karl et al. [14] measured
the posterior fossa fluid area, which is the sum of the fluid
area of the IT and of the fluid area of the CM. In 21 fetuses with OSB, they found a decreased posterior fossa fluid
area as compared to 220 normal fetuses. Kappou et al. [15]
measured the IT in a prospective study of 2,491 fetuses,
including 3 cases with OSB and established an IT to CM
ratio. This ratio was abnormal in 2 of 3 cases with OSB.
Chen et al. [16] conducted a prospective study in 15,526
fetuses, examined by highly experienced experts. All 11
cases of OSB were detected with a combination of different markers. There was no single marker with a 100% sensitivity. The detection rates for absence of IT, IT below the
first centile, obliteration of the CM, CM below the first
centile, and BS/BSOB ratio above the 99th centile were 18,
45, 64, 73, and 36%, respectively [16]. In a retrospective
case-control study including 27 fetuses with spina bifida,
Wertaschnigg et al. [17] assessed the IT, BS/BSOB, and
maxillo-occipital line in the sagittal view. They reported a
detection rate for IT below the fifth percentile, BS/BSOB
above the 95th percentile, and an abnormal maxillo-occipital line of 52.3, 96.3, and 96.3%, respectively. Maruotti et al. [18] who evaluated the performance of the IT in
the detection of OSB in a meta-analysis found a similar
detection rate of 53.5% for an IT measurement below the
cutoff defined by the original studies.
In a prospective study that included 1,479 fetuses,
Kose et al. [19] showed a BS/BSOB ratio above the 95th
percentile and nonvisualization of the CM in 2 fetuses affected by OSB. Scheier et al. [8] prospectively investigated
the posterior fossa in stored 3D volumes in 10 normal
fetuses and 3 fetuses with OSB and found an increased

BS/BSOB ratio and a partial or complete obliteration of
the CM in all cases of OSB. These findings are in line with
our results showing an increased BS/BSOB ratio (above
1) in all cases of OSB but in none of the healthy fetuses.
The feasibility in depicting the CM was demonstrated
by Egle et al. [6] who constructed reference ranges of the
CM width in 604 healthy fetuses in a tilted axial view.
These reference ranges fit well to the curves established
by Garcia-Posada et al. [20] in 80 healthy fetuses in a midsagittal plane. The latter found a CM below the 5th percentile and a BS/BSOB ratio above the 95th centile in all
5 fetuses with OSB. In a study of 1,330 fetuses, Kavalakis
et al. [21] showed an obliterated CM in one of only 2 fetuses with OSB in a midsagittal view. In our cohort, we
assessed the CM only in the tilted axial view and found
that it was below the 5th percentile in all OSB cases and
completely obliterated in 2 of these fetuses.
To the best of our knowledge, this is the first prospective study to demonstrate the performance of the measurement of the BS/BSOB ratio in a routine clinical setting in a low-risk population. In one other large prospectively designed study, all measurements in the posterior
fossa were assessed including IT, CM, BS, BSOB, and BS/
BSOB. Although the reported detection rate of OSB was
100%, all of them could only be confirmed after 2 ultrasound scans by a combination of the abovementioned
measurements [16].
Due to the rarity of the disease, the numbers of affected fetuses by OSB are still low. However, the excellent
sensitivity and specificity are promising even with relatively small numbers of cases. We believe that we can
demonstrate a satisfying feasibility of screening.
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Prerequisites for screening in clinical practice are easyto-obtain measurements with sufficient reproducibility,
clear cutoff values, and a reasonable sensitivity and specificity of the test. For these reasons and because these measurements can be taken in the same midsagittal view used
for the measurement of the nuchal translucency, we studied the performance of the BS/BSOB ratio [5]. However,
similar to the examination of other malformations, additional planes are applied in cases of suspicious findings.
Therefore, we incorporated the measurement of the CM
in the tilted axial view. We hypothesize that particularly in
cases with slight elevation of the BS/BSOB ratio the assessment of the CM in the tilted axial view might contribute
to the accuracy of the test. We conclude that screening for

OSB is feasible in routine first-trimester scans. The BS/
BSOB ratio shows excellent sensitivity and specificity. In
cases with near-normal values for the BS/BSOB ratio, the
CM width might be helpful for further assessment.
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