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OBJECTIVE: The aim of this study was to represent our experience of the prenatal sonographic diag-
nosis of NTDs at our institution during a five year period.

STUDY DESIGN: All fetuses with a prenatally detected neural tube defect were included in this retro-
spective analysis. Demographic characteristics and prenatal ultrasound findings were presented.

RESULTS: NTD was diagnosed in 112 fetuses, which represents 1.99% of 5605 fetuses scanned be-
tween 2004 and 2009. Mean maternal age and gestational week at the time of diagnosis were 25.5 +
5.6 (17-40) years and 20.6 + 6.3 (12-38) weeks, respectively. A total 78 pregnancies were terminated
due to presence of anencephaly (n=21), encephalocele (n=14), open spina bifida (n=35) and inien-
cephaly (n=8). Selective fetocide was performed in a dichorionic twin pregnancy discordant for anen-
cephaly. Five fetuses died in-utero. Twenty-one viable fetuses were delivered by cesarean section and
7 fetuses were delivered vaginally. Fifteen fetuses were operated during the neonatal period and of
these, 4 (26.7%) died postoperatively. Of the operated fetuses, only two (13.3%) survived (both of which
showing normal cranial findings during antenatal follow-up) without neurological or orthopedic sequels.

CONCLUSION: NTDs carry mostly a dismal prognosis. Prenatal diagnosis of NTDs before viability is
important for management.
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Introduction with the implementation of second trimester maternal serum

alpha-fetoprotein (MSAFP) determination, a recent study has

Neural tube defects (NTD) are some of the most frequent shown that screening by routine ultasonography is superior to
birth defects detected prenatally. When open, they arise due to MSAFP:S

disturbance of neurulation between 17" and 30" day after ovu- .
Y As NTDs are among the most frequent malformations, the

aim of this study was to represent our experience of the pre-
natal sonographic diagnosis of NTDs at our institution during
a five year period.

lation. NTDs occurring thereafter are covered by skin and are
thus closed, and are considered to be postneurulation defects.!
They are divided into four major types known as ex- or anen-
cephaly, encephalocele, spina bifida (aperta/occulta) and

iniencephaly. Ex- or anencephaly accounts for almost 95% of Material and Method
all NTDs.
All fetuses with a prenatally detected neural tube defect
The incidence of NTDs at birth varies between 0.8 % and (ex- or anencephaly, encephalocele, iniencephaly and spina bi-
0.09 % among different populations, whereas in Turkey this is fida occulta or aperta), which were scanned for various indi-
quoted at 2.7 to 3.0 per 1000 births.>* cations between January 2004 and January 2009 at the prena-

tal diagnosis unit of the Erciyes university were included in

Although the prenatal diagnosis of NTDs has improved ) ] ; ; o
this retrospective analysis. Demographic characteristics and
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where an antenatal diagnosis of spina bifida was made.
Arnold-Chiari malformation, ventriculomegaly and talipes
were not considered additional anomalies, because of their
known association with NTDs.

Although NTD’s other than anencephaly are considered
non-lethal anomalies, termination of pregnancy was offered to
all couples before 24 weeks of gestation. Furthermore, fetal
karyotyping (amniocentesis or cordocentesis) was offered to
all women with a prenatal diagnosis of NTD and postmortem
autopsy was offered to all women requesting termination of
pregnancy. Postnatal follow-up of live-born infants and results
of neurosurgical interventions were obtained from the parents
and pediatricians.

Results

A NTD was diagnosed in 112 fetuses out of 5605 preg-
nancies that had a detailed second-level ultrasonographic ex-
amination, which represents 1.99% of the fetuses scanned be-
tween 2004 and 2009. There were 109 singleton and three
twin (all of which were dichrionic) pregnancies. Mean mater-
nal age and gestational week at the time of diagnosis were
25.5 £ 5.6 (17-40) years and 20.6 = 6.3 (12-38) weeks, re-
spectively. In a total of 88 cases (78.6%) a NTD was detected
prior to 24 weeks of gestation. Type of NTDs with their re-
spective number of cases and mean gestational age at diagno-
sis are summarized in Table I.

Table I: Dispersion of cases with antenatally diagnosed NTDs

Type of NTD Case Time of Cases
diagnosis  diagnosed
(gestational before
week) 24 weeks

of gestation
15 (12-35) 25 (92.6)
19 (13-31) 16 (80)

Ex- or Anencephaly 27 (24.1)
Encephalocele 20 (17.9)

Spina bifida 57 (50.9) 22 (15-38) 39 (68.4)
iniencephaly 8(7.1) 18 (13-22) 8 (100)
TOTAL 112 19 (12-38) 88 (78.6)

Data are shown as n (%) and median (min-max)

NTDs were isolated findings in 90 fetuses, whereas addi-
tional structural anomalies were detected antenatally in 22
(19.6%) fetuses during the detailed anomaly scan (Table II).

Table II: Additional anomalies in fetuses with prenatally diag-
nosed neural tube defects (n=21)

Type of NTD Isolated Fetuses with antenatally detec
cases of additional malformations (n)

NTDs (n)
Ex-or Anencephaly 24

Ectopia cordis
Tetralogy of Fallot,
Hypertelorism

Ectopia cordis, Gastrosizis
Sacrococcygeal teratoma
Holoprosencephaly
Omphalocele, clenched hand
Polydactyly of the foot
Ventricular septal defect
Megacisterna magna, infantile
polycystic kidney disease
Micrognathi, shortening of the
tubular bones

Spina bifida aperta (lomber)
Atrio-ventricular septal defect
Spina bifida aperta (lomber)
Ventricular septal defect,
infantile polycystic kidney
disease, diaphragmatic hernia
Tetralogy of Fallot, hydroureter
Infantile polycystic kidney
disease

Spina bifida occulta (lomber)
Spina bifida occulta (lomber),
microcephaly

Omphalocele

Ventricular septal defect,
Hydrops fetalis

Koarctation of the aorta,
Multicystic dysplastic kidney
disease, Hydrops fetalis
Spina bifida aperta (lomber),
single umbilical artery

TOTAL 90 22

Spina bifida 54

Encephalocele 8

Iniencephaly 4

Fetal karyotype was available in 29 (25.9%) cases, two
(6.9%) of which showing chromosomal abnormalities.
Trisomy 18 was present in a fetus with lomber spina bifida and
bilateral clenched hands as the only additional antenatal ultra-
sound finding. The other case was a fetus with trisomy 21,
which had multiple malformations including iniencephaly, bi-
lateral multicystic diplastic kidneys, megacistis and coarcta-
tion of the aorta. The remaining 27 cases, which included 12
fetuses with additional anomalies showed a normal karyotype.
Meckel-Gruber syndrome was diagnosed in four fetuses
showing polidactyly and/or cystic renal malformations in ad-
dition to an occipital encephalocele.

After non-directive counseling a total 78 pregnancies were
terminated upon the request of the couples and presence of
anencephaly (n=21), encephalocele (n=14), open spina bifida
(n=35) and iniencephaly (n=8) (Figure I). Additionally, selec-
tive fetocide was performed at 13 weeks of gestation in a di-
chorionic twin pregnancy discordant for anencephaly. There
were five intrauterine deaths: two fetuses with spina bifida,



two with encephalocele and one with anencephaly.

Twenty-one viable fetuses were delivered by cesarean sec-
tion and 7 fetuses were delivered vaginally. Fifteen fetuses
were operated during the neonatal period and of these, 4
(26.7%) died postoperatively. In thirteen fetuses surgical cor-
rection was technically not possible or refused by the parents;
all of these babies died within 2 months after delivery. Of the
operated fetuses, two (13.3%) survived (both of which show-
ing normal cranial findings during antenatal follow-up) with-
out neurological or orthopedic sequela.

Figure I: Axial ultrasound of the abdomen in a fetus with inien-
cephaly at 24 weeks of gestation. Note that some fetal cranial
elements are visible at the same plane due to hyperxtantion of
the fetal head and shortening of the fetal neck.

More than one type of NTD was present in five fetuses,
which consisted of encephalocele in combination with spina
bifida (n=4) or iniencephaly (n=1). Of the 57 fetuses with an
open spina bifida, there were two cases with normal cranial ul-
trasound findings. One of these fetuses had a lomber spina bi-
fida and normal lateral ventricle with (Figure II). The other
fetus demonstrated an encephalocele with a 3 mm occipital
bone defect and normal positioned cerebellum. The remaining
55 fetuses showed lemon and/or banana sign (Figure III) and/
or hydrocephaly on prenatal ultrasound. The cranial findings
are summarized according to time of diagnosis in Table III.

Figure II: A. Oblique longitudinal view of the fetal spine at 21
weeks of gestation demonstrating a sacral cystic mass. B.
Note that posterior fossa (asterisk) is not obliterated. Amniotic
fluid acetylcholine esterase was negative and AFP was within
normal limits. Fetal karyotype was normal and the outcome of
the baby was normal after surgical correction.
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Figure Ill: Cranial findings of open spina bifida at 18 weeks of
gestation. Axial ultrasound of the fetal head shows bifrontal de-
formity (arrows) or the so-called ‘lemon sign’. Scan of the pos-
terior fossa demonstrates compression of the cerebellar hemi-
spheres, or the so-called ‘banana sign’ (arrow head).

Table llI: Cranial findings in fetuses with open spina bifida
(n=57)

Ultrasound  Gestational age at diagnosis (weeks) Total
finding <23 24-27 > 28

(n=33) (n=10) (n=14) 57
Lemon sign 27 (81.8) 3 (30) 0 (0) 30 (52.6)
Banana sign | 30 (90.9) 4 (40) 3(21.4) |37 (64.9)
Hydrocephaly| 25 (75.8) 8 (80) 12 (85.7) |45 (78.9)

Data are shown as n (%)

Discussion

Detailed second trimester ultrasound and MS-AFP screen-
ing have both been used for the prenatal detection of NTDs.¢7
The ultrasonographic detection of fetal anencephaly is rela-
tively straightforward and relies upon demonstrating the ab-
sence of the cranial vault® In fact, anencephaly was the first
congenital anomaly detected by ultrasound before viability.’
Today, even in inexperienced hands ultrasound has 100% sen-
sitivity in detecting anencephaly. On the other hand, the accu-
racy in the diagnosis of spina bifida depends heavily on the ex-
perience of the operator, the quality of the equipment, and the
amount of time dedicated to the scan. The accuracy of referral
centers is close to 100%, while the accuracy of routine non-
targeted examinations is uncertain. The largest prospective
studies on low-risk patients report conflicting results. In two
of the largest studies performed in Belgium, presumably with-
out maternal serum alphafetoprotein screening, the sensitivi-
ties were 30% and 40%.'%!" In the RADIUS trial, in which
routine ultrasound was performed in conjunction with mater-
nal alpha-fetoprotein screening, the sensitivity was 80%.!2 In
one retrospective study conducted in the UK, the estimated
sensitivity was higher for serum alphafetoprotein screening,
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84-92%, than for ultrasound screening, 70-84%.!% In all of
these studies it is unclear whether the cranial signs of fetal
spina bifida were systematically researched. In a more recent
retrospective multicenter study employing the cranial signs,
the sensitivity of ultrasound was 85%.'* Nevertheless, the
available evidence thus far indicates that maternal serum
alpha-fetoprotein screening, the standard of care of many
European countries and in the US, has a marginally greater
sensitivity than ultrasound. Although the Turkish ministry of
health does not officially recommend MS-AFP screening dur-
ing the second trimester, not all, but many obstetricians and
physicians offer this test to pregnant women who are seeking
antenatal care. In this series the vast majority of women did
not had routine antenatal care or took MS-AFP screening as a
part of the triple test. Most were referred because of abnormal
ultrasound findings. The majority was detected before 24
weeks of gestation, but the number of fetuses with NTDs de-
tected beyond viability was still substantial. The most severe
forms of NTDs (i.e. anencephaly and iniencephaly) were re-
ferred before 24 weeks. However, approximately one third of
the fetuses open spina bifida could not be diagnosed on rou-
tine ultrasound before 24 weeks, which shows that the sensi-
tivity of ultrasound slightly lower than reported in the litera-
ture. Similar results have been reported by Yuksel et al., which
reported that 32% of fetuses with open spina bifida were diag-
nosed at or beyond 25 weeks of gestation.'”

Cranial ultrasound findings such as the “banana” and
“lemon sign” can assists in the diagnosis of open spina bifida.
The frequency of these indirect sonographic findings depends
much on the gestational week at presentation. We found in our
study that both findings were virtually present in the majority
of the cases at or before 23 weeks of gestation. Eighty to 90%
of the fetuses showed the lemon or banana sign. However the
prevalence of these findings dropped dramatically with ad-
vancing gestational age; in the third trimester the lemon sign
could not be depicted, whereas only one fifth of the fetuses
had a visible banana sign on ultrasound. Other studies demon-
strated the lemon sign in 77-100% of the cases before 24
weeks of gestation, which fits with our results.!>-!* They also
observed a similar decrease in the rate of lemon sign with ad-
vancing gestation. It is presumed that this cranial deformation,
which results from the depression of the frontal bones, occurs
secondary to the drop in intracranial pressure from the herni-
ated neural tissue in open spina bifida. Later, developing hy-
drocephalus and ossification of cranial bones lead to an in-
crease and therefore disappearance of the lemon sign.'t
However, it should be kept in mind that the “lemon sign” can
be found in 1-2% of normal fetuses.

The banana sign actually represents the first step of the so
called posterior fossa signs, which also includes progression
to obliteration of the posterior fossa and finally distortion of

the posterior fossa anatomy precluding identification of the
cerebellum. We observed a decreasing frequency of the ba-
nana sign with advancing age, which is in concordance with
the results of others.!>192° Van der Hof et al. found that four
out of 21 fetuses (19%) showed the banana sign beyond 24
weeks of gestation.'¢ Similarly, Yuksel et al.,'> without report-
ing the frequency of the banana sign separately, found a de-
crease of the posterior fossa signs from 93% below 21 weeks
to 36% after 28 weeks of gestation.

As NTDs carry mostly a dismal prognosis, parents opt for
pregnancy termination without requesting further fetal chro-
mosomal analysis. However, NTDs, especially spina bifida
and encephalocele carry a substantial risk for fetal aneuploidy,
especially when associated with additional structural malfor-
mations. Several reports have shown that the overall rate of
chromosomal anomalies is around 15% of which most carry
trisomy 18.2!2* Isolated cases with spina bifida in particular,
carry a risk of 2-4%.22-24 Therefore fetal karyotyping should be
an integral part of the evaluation when dealing with fetuses af-
fected by NTDs, whether these are isolated findings or not.
This should provide important clues for the management of
the present as well as further pregnancies, especially when ter-
mination of pregnancy is not an option for the couple. In our
series only two fetuses were aneuploid, both of which show-
ing additional sonographic anomalies. The rate of chromoso-
mal anomalies in our series was somewhat lower than reported
in the literature. However, fetal karyotype was available in
only one fourth of the cases, which clearly underestimates the
real prevalence of our cohort.

NTDs carry almost always a worse prognosis. Pregnancy
termination should be an option in non-viable fetuses.
Although spina bifida is a complex congenital condition af-
fecting multiple aspects of physical function as well as intel-
lectual development, the most apparent abnormality is the
paralysis which occurs below the level of the defect. In addi-
tion to some level of paralysis in the lower extremities, almost
all individuals with spina bifida, including those with sacral
defects, will have some degree of bowel and bladder dysfunc-
tion because the low sacral nerves innervate the distal bowel,
anal sphincter, bladder, and internal and external bladder
sphincters. This situation poses a social problem when the
child is not dry, but the critical task in the management of a
denervated bladder and sphincter is the prevention of vesi-
coureteral reflux and upper tract damage.

Noral Tiip Defektlerinin Prenatal Tamsi: 112
Olgunun Degerlendirilmesi

AMAG: Noral tip defektlerinin prenatal tanisi ile ilgili bes yillik
tecribelerimizi sunmak.

GEREG ve YONTEM: Bu calismaya prenatal néral tiip defekti



tanisi konulan fetuslar dahil edildi. Demografik 6zellikler ve
prenata ultrason bulgulari belirtildi.

BULGULAR: 2004 ile 2009 yillarni arasinda degerlendirien
5605 hastadan 112 (%1.99)'sine prenatal donemde néral tip
defekti tanisi konuldu. Ortalama maternal yas 25.5 + 5.6 (17-
40), tani konulan gebelik haftasi 20.6 + 6.3 (12-38) olarak bu-
lundu. Toplam 78 gebelik termine edildi bu olgularda anense-
fali (n=21), ensefalosel (n=14), acik spina bifida (n=35) ve ini-
ensefali (n=8) mevcut idi. Anensefali saptanan bir ikiz esine se-
lektif fetosid uygulandi. Bes gebelik inrauterin fetal élimle so-
nuglandi. Yirmi bir gebelik sezeryan ile yedi gebelik ise vajinal
dogum ile sonuglandi. Neonatal dénemde opere edilen 15 be-
bekten dort tanesi (%26.7) ameliyat sonrasi kaybedildi.
Ameliyat edilen bebeklerden antenatal dénemde beyin bulgu-
lari normal olan yalniz iki bebekte ndrolojk ve ortopedik sekel
gorimedi.

SONUG: Noral ttp defektlerinin gogunlukla prognozu kétidur.
Viabilite déneminden énce taninin konulmasi bu hastalarin y6-
netiminde énemlidir.

Anahtar Kelimeler: Néral tip defekti, Spina bifida, Anensefali,
Ensefalosel, Prenatal tani

References

1. Lemire RJ. Neural tube defects. JAMA. 1988;259:558-62.

2. Coerdt W, Miller K, Holzgreve W, Rauskolb R, Schwinger E,
Rehder H. Neural tube defects in chromosomally normal and
abnormal human embryos. Ultrasound Obstet Gynecol. 1997;
10: 410-5.

3. Himmetoglu O, Tiras MB, Gursoy R, Karabacak O, Sahin I,
Onan A. The incidence of congenital malformations in a
Turkish population. Int J Gynaecol Obstet.1996;55:117-21.

4. Tuncbilek E, Boduroglu K, Alikasifoglu M. Neural tube de-
fects in Turkey: Prevalence, distribution and risk factors.
Turkish Journal of Pediatrics. 1999:41: 2999-305.

5. Norem CT, Schoen EJ, Walton DL, Krieger RC, O'Keefe J,
To TT, Ray GT. Routine ultrasonography compared with ma-
ternal serum alpha-fetoprotein for neural tube defect screen-
ing. Obstet Gynecol. 2005; 106: 747-52.

6. Clinical management guidelines for obstetricians-gynecolo-
gists. Neural tube defects. ACOG Practice Bulletin No. 44.
(Replaces committee Opinion Number 252, March 2001).
Obstet Gynecol. 2003; 102: 203-213

7. Clinical management guidelines for obstetricians-gynecolo-
gists. Ultrasonography in pregnancy. ACOG Practice Bulletin
No.58.American College of Obstetricians and Gynecologists.
Obstet Gynecol. 2004; 104:1449-1158.

8. Pilu G, Hobbins JC. Sonography of fetal cerebrospinal anom-
alies. Prenat Diagn.2002; 22: 321-330.

9. Campbell S, Johnstone FD, Holt EM, May P. Anencephaly:
early ultrasonic diagnosis and active management. Lancet.
1972; 2: 1226-1227.

10. Levi S, Hijazi Y, Schaaps JP, Defoort P, Coulon R, Buekens P.
Sensitivity and specificity of routine antenatal screening for
congenital anomalies by ultrasound: the Belgian multicentric

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gynecology Obstetrics & Reproductive Medicine 2009;15:1 21

study. Ultrasound Obstet Gynecol. 1991;1:102-110.

Levi S, Schaaps JP, De Havay P, Coulon R, Defoort P.
Endresult of routine ultrasound screening for congenital
anomalies: the Belgian Multicentric Study 1984-92 (see
Comments). Ultrasound Obstet Gynecol. 1995;5: 366-371.

Ewigman BG, Crane JP, Frigoletto FD, LeFevre ML, Bain
RP, McNellis D and the RADIUS Study Group 1993. Effect
of prenatal ultrasound screening on perinatal outcome (see
Comments). N Engl ] Med. 1996;329: 821-827.

Williamson P, Alberman E, Rodeck C, Fiddler M, Church S,
Harris R. Antecedent circumstances surrounding neural tube
defect births in 1990-91. The Steering Committee of the
National Confidential Enquiry into Counseling for Genetic
Disorders. Br J Obstet Gynaecol. 1997;104:51-56.

Sebire NJ, Noble PL, Thorpe-Beeston JG, Snijders RJ,
Nicolaides K. Presence of the “lemon” sign in fetuses with
spina bifida at the 10-14 week scan. Ultrasound Obstet
Gynecol. 1997; 10: 403-405.

Yuksel A, Kalelioglu IH, Buyukkurt S. Our experiences on
prenatal diagnosis of open spina bifida. T Klin J Gynecol
Obst. 2003; 13: 441-449

Van den Hof MC, Nicolaides KH, Campbell J, Campbell S.
Evaluation of the lemon and banana signs in one hundred
thirty fetuses with open spina bifida. Am J Obstet Gynecol.
1990; 162: 322-7.

Nyberg DA, Mack LA, Hirsch J, Mahony BS. Abnormalities
of fetal cranial contour in sonographic detection of spina bi-
fida: evaluation of the "lemon" sign. Radiology. 1988; 167:
387-92.

Nicolaides KH, Campbell S, Gabbe SG, Guidetti R.
Ultrasound screening for spina bifida: cranial and cerebellar
signs. Lancet. 1986;2:72-4.

Penso C, Redline RW, Benacerraf BR. A sonographic sign
which predicts which fetuses with hydrocephalus have an as-
sociated neural tube defect. J Ultrasound Med. 1987;6:307-11.

Thiagarajah S, Henke J, Hogge WA, Abbitt PL, Breeden N,
Ferguson JE. Early diagnosis of spina bifida: the value of cra-
nial ultrasound markers. Obstet Gynecol. 1990;76:54-7.

Sepulveda W, Corral E, Ayala C, Be C, Gutierrez J, Vasquez
P. Chromosomal abnormalities in fetuses with open neural
tube defects: prenatal identification with Ultrasound.
Ultrasound Obstet Gynecol. 2004;23:352-6.

Hume RF Jr, Drugan A, Reichler A, Lampinen J, Martin LS,
Johnson MP, Evans MI. Aneuploidy among prenatally de-
tected neural tube defects. Am J Med Genet. 1996;61: 171-3.

Babcook CJ, Goldstein RB, Barth RA, Damato NM, Callen
PW, Filly RA. Prevalence of ventriculomegaly in association
with myelomeningocele: correlation with gestational age and
severity of posterior fossa deformity. Radiology. 1994;190:
703-7.

Babcook CJ, Ball RH, Feldkamp ML. Prevalence of aneu-
ploidy and additional anatomic abnormalities in fetuses with
open spina bifida: population based study in Utah. J Ultraso-
und Med. 2000; 19: 619-23.





