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 Introduction 

 Neural tube defects are the most common congenital 
defects of the central nervous system. The reported inci-
dence is about 1–2 per 1,000 births  [1] . In contrast to an-
encephaly and the most severe encephaloceles which are 
almost invariably lethal, spina bifida has a survival rate 
of about 80% in the first year of life with high rates (88%) 
of associated lifelong disability  [2, 3] . Spina bifida is a se-
rious birth defect in which the dorsal vertebral arches fail 
to fuse together, thus allowing the meninges and/or spi-
nal cord to protrude.

  Today, with ultrasound screening for anomalies being 
part of routine prenatal care, prenatal detection of more 
than 90% of the cases is possible  [4–7] . This enables a de-
cision as to whether to continue with the pregnancy or to 
opt for termination of pregnancy (TOP). Moreover, the 
ultrasound screening can allow an assessment of which 
cases would have a worse outcome, and this information 
may be used to help parents make this difficult decision.

  Therefore, prenatal selection of cases together with 
improvements in postnatal management and neurosur-
gical techniques may have contributed to outcomes in re-
cent years, which were better than historically reported 
in the literature. We therefore reviewed our recent spina 
bifida cases and the decisions made in the hope that this 
may be useful for counseling future cases.
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 Abstract 

  Objective:  To evaluate the current outcome of a selected 
prenatally diagnosed spina bifida group.  Materials and  
 Methods:  We analyzed and followed up 74 cases of prena-
tally diagnosed spina bifida.  Results:  Termination of preg-
nancy was chosen in 72% of the cases and 28% were live-
born. Chromosomal defects were identified in 16%, although 
only 1.6% in isolated cases. Of the 21 live births, 3 died in the 
neonatal period. The other 18 (86%) were all alive after an 
average follow-up of 3 years and 6 months (range 5 months 
to 7 years and 4 months). From this group 11% are wheel-
chair-dependent, 87% of the patients older than 2 years of 
age are walking, 33% have had cerebral shunting and 72% 
have normal neurodevelopment. There was a better out-
come in patients with closed defects; however, the rates of 
neuropathic bladder (50%) remain a concern.  Conclusions:  
Even with prenatal diagnosis and a tendency towards appar-
ently less severe defects in the cases in which the pregnan-
cies continue, the prognosis in terms of morbidity needs to 
remain guarded.  Copyright © 2009 S. Karger AG, Basel 
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  Materials and Methods 

 We reviewed the notes of cases with a diagnosis of spina bifida 
identified from our fetal medicine database (Viewpoint; Eu-
roKing, Addlestone, UK) between January 1999 and January 
2007. We also reviewed the neonatal and pediatric/neurosurgical 
notes or postmortem examination reports when available. Pa-
tients were referred because of suspicious images at the ultra-
sound screening examination (62 cases), elevated levels of  � -feto-
protein (AFP) in the biochemical screening test (11 cases) or be-
cause of a previous affected child (1 case).

  The diagnosis of spina bifida was made by a fetal medicine 
specialist using 2-D ultrasound visualization of the cranial/cere-
bral features  [8]  (as described below) together with the spinal de-
fect, including splaying of the posterior vertebral elements and 
protrusions or disruptions of the overlying fetal skin. Open spina 
bifida was diagnosed when the nervous tissue and/or meninges 
were exposed to amniotic fluid and a closed defect was diagnosed 
when the bone defect, herniated meninges and nervous tissue 
were covered by skin. In addition, acetylcholinesterase and AFP 
in amniotic fluid, were determined in some cases when amnio-
centesis was undertaken. Ventriculomegaly was diagnosed when 
the posterior horn of the lateral ventricle measurement was  1 10 
mm in any of the ultrasound scans performed, and hydrocephaly 
was diagnosed when it was  6 15 mm. An Arnold-Chiari type II 
malformation was suspected when the cerebellum was found to 
be ‘banana’-shaped or if the transverse cerebellar diameter was 
below the 5th centile for gestational age. Assessment was also 
made to determine the presence or absence of the classic abnor-
mal head shape associated with spina bifida (the lemon sign)  [8] . 
Talipes was diagnosed when a plantar view of the foot was seen in 
the same plane as the longitudinal view of the tibia/fibula.

  The level of the lesion at 2-D ultrasound was established by 
determining the highest portion of spine affected and it was con-
sidered high lumbar between L1 and L2 and low lumbar between 
L3–L5.

  The following were considered bad prognostic signs: lesions 
above L3 and severe ventriculomegaly or hydrocephalus (poste-
rior horn of the lateral ventricle  1 15 mm).

  Amniocentesis for karyotyping was offered to all the patients 
considering continuing the pregnancy, including quantification 
of amniotic fluid AFP and acetylcholinesterase. In some cases, 
when a closed spinal defect was suspected and both AFP and ace-
tylcholinesterase in amniotic fluid were normal, a fetal MRI ex-
amination was offered.

  When the ultrasound findings showed a spinal defect with 
 cerebral signs, ventriculomegaly and upper lesions, the patients 
were counseled about possible postnatal events in accordance to 
published series  [9–11] . The risks quoted were: 30% risk of moder-
ate mental handicap, 30% risk of wheelchair-dependency, 70% 
risk of urinary incontinence, 30% risk of urinary and fecal incon-
tinence, and 80–90% risk of cerebral shunting. For patients with-
out cerebral changes and lower lesions, the counseling was more 
optimistic but with some uncertainty related to possible neuro-
logical impairment. All patients were offered the option to talk 
with the pediatric neurosurgical team about possible outcome, 
surgery and disabilities. TOP was offered as an option and, when 
accepted, postmortem examination was recommended.

  Patients who continued the pregnancy were followed up by 
ultrasound examinations every 3–4 weeks. The place of birth was 

planned in discussion with neonatologists and neurosurgeons. 
Although reports of the scan findings varied through pregnancy, 
for this analysis we used the most severe ultrasound findings at 
any stage to compare with the first postnatal or postmortem as-
sessments (MRI and/or X-ray).

  Neonates were evaluated by the neurosurgical team on the 
first 1–2 days after birth, and open defects underwent surgical 
correction within the first 24–72 h of life. The patients were fol-
lowed up by neurosurgeons, neonatologists/pediatricians, urolo-
gists, orthopedic surgeons and physiotherapists. Detailed neuro-
logical examinations were performed (including assessment of 
movement, strength and sensation in the lower limbs) together 
with general neurodevelopment, head measurements and bladder 
and bowel control.

  Results 

 There were 74 cases of prenatally diagnosed singleton 
spina bifida cases during the period of the study. We ex-
cluded 4 twin pregnancies in which 1 fetus was affected 
and which resulted in selective feticide. The median ges-
tational age at referral to our unit was 20+5 weeks (range 
16+3 to 37+4). TOP was chosen in 53 cases (72%) and 21 
were live-born (28%). Prenatal karyotyping was under-
taken in 32 patients: 27 were normal and 5 were abnormal 
(16%: 2 cases of trisomy 18, 2 cases of trisomy 13, and 1 
case with a pericentric inversion of chromosome 9). In 
the remaining 42 cases, no chromosomal abnormality 
was suspected and karyotyping was not undertaken (usu-
ally by parental choice). There were 11 spina bifida cases 
(15%) with associated abnormalities: 9 within the termi-
nation group and 2 in the live births ( table 1 ); the other 
63 were isolated. Four of the chromosomally abnormal 
karyotypes were not isolated defects, and only the case of 
the pericentric inversion of chromosome 9 (which could 
be a normal variant) was isolated.

  The median gestational age at referral in the termina-
tion group was 20+1 weeks (range 16+3 to 37+4), 50 of 53 
seen first before 24 weeks, versus 21+4 (range 17+5 to 
36+6) weeks, 15 of 21 before 24 weeks, in the live-born 
group. There were no stillbirths in the continuing preg-
nancies. In the termination group, only 2 of 53 (4%) had 
a prenatal diagnosis of a closed defect. In the live-born 
cases, 7 of 21 had closed defects (33%), hence the total 
proportion of closed defects was 9 of 74 (12%). In all of the 
fetuses with closed defects, the fetal cranial anatomy ap-
peared normal, and in the 6 in which acetylcholinesterase 
was measured, the results were all normal. Fetal MRI was 
performed in 3 of these cases but did not add additional 
findings to the diagnosis, although it did add support to 
the assessment of a closed defect. In the termination 



 Spina Bifida Prognosis Fetal Diagn Ther 3

group, there were 17 lesions higher than L3, or 32.1% (CI 
95%: 21.1–45.5%) of the cases, versus 1 in the live-born 
group, or 4.8% (CI 95%: 0.8–22.7%; Fisher p  !  0.01). In 
addition, there were more Arnold-Chiari type II malfor-
mations and ventriculomegaly in the termination group 
than in the live-born group (89 vs. 43%, p = 0.000, and 79 
vs. 43%, p = 0.003, respectively;  table 2 ).

  The median gestational age at birth was 38 weeks 
(range 27+3 to 41+2) with 13 cases delivered vaginally and 
8 by cesarean section (38%). Most of the cesarean sections 
were performed for obstetric reasons (breech presenta-
tion, suspected fetal hypoxia, macrosomia); only in 1 case 
was it performed due to maternal request.

  There were 21 live births, but 3 of these babies died in 
the neonatal period (14%). One of these babies was known 
prenatally to have trisomy 13, and a decision to continue 
the pregnancy was made. The 2nd neonatal death was 
seen in our unit at 16 weeks after premature rupture of 
the membranes, making the ultrasound difficult. This 
newborn had a closed lumbosacral defect, imperforated 
anus, dysplastic kidneys, cloacal malformation and hy-
poplastic lungs, and died 2 h after birth. The 3rd neonatal 
death occurred in a patient prenatally diagnosed as hav-
ing a lumbosacral open defect with progressive ventricu-
lomegaly (until 25 mm) who was delivered vaginally. In 
the end, the patient had a lumbar defect with breathing 
problems and paralysis of the vocal cords, and died 10 
days after birth.

  The other 18 (86%) were all alive after an average fol-
low-up of 3 years and 6 months (range 5 months to 7 years 
and 4 months). The prenatal and postnatal assessments 
of the level of the spinal lesion agreed in 11 of 18 alive 
cases (61%); however, 4 cases which were diagnosed pre-
natally as sacral defects showed low lumbar defects in 
postnatal evaluation, 2 cases were prenatally diagnosed 
as low lumbar lesion but after birth were high lumbar, 
and 1 case was diagnosed as a low lumbar defect with 
postnatal evaluation showing a sacral defect. The prena-
tal assessment of the cranial changes (Arnold-Chiari type 
II and ventriculomegaly prenatally diagnosed vs. postna-
tal assessment) showed 88% agreement in the live-born 
group. In addition, 1 case of mild talipes was not identi-
fied prenatally ( table 3 ). Postmortem examinations were 
available in 23 of 55 cases in which fetuses died from TOP 
(21) or neonatal death (2). As shown in  table 4 , the prena-
tal ultrasound findings were similar to postmortem find-
ings; however, fewer cerebral and ventricular changes 
were found at the autopsy (although this may reflect post-
mortem changes).

  At the last follow-up, 11 of 18 (61%) children were able 
to walk independently, 2 with support (1 with splints and 
the other with a walker/crutches), 2 were wheelchair-de-
pendent (11%) and 3 were less than 2 years old but had 
good leg movement strength ( table 5 ). Ten of 12 patients 
with open defects (83%), and 3 of 6 patients with closed 
defects had urinary incontinence (neuropathic bladder). 

Table 1. Additional abnormalities were found in 11 of 74 cases of 
prenatally diagnosed spina bifida

Associated abnormalities Karyotype

Bilateral multicystic dysplastic kidneys normal
VSD + doubled RV outlet trisomy 18 
Bilateral renal agenesis normal 
Encephalocele declined 
Bilateral hydronephrosis normal 
Bilateral pyelectasis normal 
VSD + diaphragmatic hernia + clenched hands trisomy 18 
VSD + 2 vessel cord trisomy 13 
Abdominal cyst normal
Cloacal malformation, dysplastic kidneys,

imperforated anus normal
VSD + limb abnormalities + 

2 vessel cord + renal pelvis dilatation
trisomy 13
(translocation) 

The bottom 2 were live-born and the others had a TOP. The 
karyotype result when available is shown. VSD = Ventricle septal 
defect; RV = right ventricle.

Table 2. Comparison of prenatal ultrasound findings in cases 
which underwent TOP or were live-born

TOP Live-born Total
n = 53 (72%) n = 21 (28%) n = 74 (100%)

Mean gestational age
at diagnosis, weeks 21+6 24 22+3

Type of defect
Closed 2 7 9
Open 51 14 65

Lesion level
Cervical 2 0 2
Thoracic 8 0 8
High lumbar 7 1 8
Low lumbar 15 8 23
Sacral 21 12 33

Talipes
Bilateral 10 4 14
Unilateral 2 2

Arnold-Chiari 47 (89%) 9 (43%) 56 (76%)
Ventriculomegaly 42 (79%) 9 (43%) 51 (69%)
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Only 6 of 18 patients (33%) had been shunted at the time 
of the study, but 11 of 18 had developed ventriculomega-
ly. All the patients with closed defects were operated on 
during the 1st year of life (7.2 months of age on average) 
because of neurological deterioration. Normal neurode-
velopment appropriate to their age was found in 13 of 18 
patients (72%) with 5 having developmental delay (main-
ly delay in language, mild in 2 of them and moderate in 
the other 3).

  Discussion 

 Following careful case selection, the overall prognosis 
of a selected spina bifida group may be better than his-
torical series suggest. Closed defects have a better prog-
nosis; however, bladder dysfunction remains significant. 
Among the cases where the pregnancy was continued 
(which were largely of a milder ultrasound ‘phenotype’), 
there were still some cases where the outcome was poor, 
this being largely unpredictable.

  Accurate assessment and counseling of couples fol-
lowing the diagnosis of fetal spina bifida is essential. It is 
important to consider the association between spina bi-
fida and other problems such as chromosomal abnormal-
ities (16% in this study), especially when other abnormal-

ities are found. When a spinal defect is isolated, the fre-
quency of chromosomal abnormalities has been reported 
to be low: Sepulveda et al.  [12]  reported that all the pa-
tients with an abnormal karyotype in their study had as-
sociated anomalies, and Kennedy et al.  [13]  reported that 
2.6% of the patients with isolated spina bifida had chro-
mosomal abnormalities. In our study, 1 fetus with an ap-
parently isolated spina bifida (out of 63) had a pericentric 
inversion of chromosome 9. In this case, the fetus devel-
oped severe hydrocephalus with intracranial signs at 37 
weeks (the time of the referral to our unit and time when 
karyotyping was performed) and the couple opted for a 
late TOP.

  It has been widely published that prenatal ultrasound 
usually has good agreement with the postnatal/postmor-
tem findings in terms of the level of spinal defect, cranial 
changes and talipes  [11, 14–18] . The importance of the 
spinal level and ventriculomegaly to predict outcome is 

Table 3. Comparison of prenatal ultrasound findings and postna-
tal assessments in the live-born group (n = 21)

Prenatal Postnatal

Lesion level thoracic
High lumbar
Low lumbar
Sacral

0
1
8

12

0
4
9
8

Talipes bilateral 4 5
Arnold-Chiari 9 8
Ventriculomegaly 9 8

Table 4. Comparison of prenatal ultrasound findings and post-
mortem examinations in cases which died and in which a PM 
examination was undertaken1

Prenatal Postmortem

Lesion level thoracic
High lumbar
Low lumbar
Sacral

3
4
7
9

3
6
9
5

Talipes
Bilateral
Unilateral

5
2

5
3

Arnold-Chiari 19 11
Ventriculomegaly 19 17

1 n = 21 for TOP, n = 2 for neonatal deaths.
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  Fig. 1.  Comparison of lesion levels between TOP and live-born 
groups.   
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widely used. Lower spinal levels increase the chance that 
the child will be able to walk  [10, 11] , but this is also re-
lated to a higher incidence of neuropathic bladder  [14, 19, 
20] . The likely intellectual outcome tends to be worse 
when the degree of ventriculomegaly is more severe  [9, 
20, 21] . We found exactly the same spinal level prenatally 
versus postnatally in 61% of the cases, and the differenc-
es in the remaining cases were less than 2 spinal levels 
(similar to the published literature)  [11, 14, 16, 17] . We 
also confirmed the previously published trend for prena-
tally diagnosed levels to be lower (1 or 2 levels) than the 
postnatal assessment  [10, 11, 14, 16] . The prenatal/post-
natal agreement in terms of ventriculomegaly and Ar-
nold-Chiari type II malformation was also high (88% for 
each), as well as the agreement between prenatal/post-
mortem examinations (89% for ventriculomegaly and 
58% for Arnold-Chiari). However, the reported cranial 
signs at postmortem examination were a little less than 
when assessed on fetal scanning. This likely reflects the 
difficulty of assessing the very soft fetal and neonatal 
brain which can be damaged during the course of an in-
duced TOP and subsequent necropsy  [22, 23] . In addi-
tion, the potassium chloride administration  [23]  used in 
some cases of late termination could be responsible for 
additional autolysis and maceration of the brain tissue; in 
some cases managed in this way, evaluation of the brain 
was not possible. Therefore, the prenatal ultrasound as-
sessment may be the most reliable information available 
about the brain in some cases.

  Unsurprisingly, the termination group had a higher 
proportion of cases assessed as being the most severe, and 
pregnancies were more often continued in the cases with 
better prognostic features. Closed spina bifida has been 
reported to be about 10–15%  [24, 25]  of prenatally diag-
nosed spinal defects, and a similar incidence was found 
in this study (12%). However, in the live-born group, 33% 

of the cases had closed defects. In addition, prenatal ul-
trasound evidence of ventriculomegaly and Arnold-Chi-
ari type II malformation was found in less than 50% of 
the continuing cases. Furthermore, the majority of the 
prenatally diagnosed spinal defects were below L3. The 
results above demonstrate that the live-born cases are a 
selected group.

  The survival rate of live-born cases after an average 
follow-up period of 3 years and 6 months was 86%, which 
compares favorably to the survival rate published in the 
literature of about 80%  [26, 27]  for the first year of life. 
The improvement in survival in our series may be even 
greater because the previous studies have looked at post-
natal-diagnosed spina bifida cases before surgery, which 
would be expected to include only those with a better 
prognosis, excluding stillbirths and neonatal deaths (of-
ten due to concurrent pathologies, e.g. aneuploidy).

  From this series, we conclude that for a select fetal 
 spina bifida group with fewer cranial signs and low spinal 
defects (below L3), the outcome may be better than in the 
literature with 11% of patients wheelchair-dependent (vs. 
30%), 87% of patients older than 2 years walking and 33% 
of patients having cerebral shunting (vs. 80–90% tradi-
tionally quoted). However, even after modern manage-
ment, the incidence of a neuropathic bladder is high at 
67% and continues to be a significant problem. We have 
also shown that in cases in which cerebral shunting is re-
quired, there is a higher incidence of developmental delay 
(4 of 5) compared to those who did not need this proce-
dure (2 of 13).

  In addition, if we consider that the preliminary results 
of prenatally repaired spina bifida have not shown sig-
nificant improvement in neurological outcome  [28] , it is 
possible that postnatal repair will continue to be the only 
therapeutic tool for the moment.

Open defects
n = 12

Closed defects
n = 6

Total
n = 18

Average age of first surgery 2.1 days 7.2 months 2 months and 
12 days

Shunted hydrocephalus 6 (55%) 0 6 (33%)
Ability to walk independently 5 (45%) 6 (100%) 11 (61%)
Wheelchair-dependent 2 (18%) 0 2 (11%)
Walking with support 2 (18%) 0 2 (11%)
Developmental delay 5 (45%) 0 5 (28%)
Neuropathic bladder 10 (83%) 3 (50%) 13 (72%)
Bowel dysfunction 3 (27%) 1 (17%) 4 (22%)

Table 5. Outcome data separated into 
open and closed lesions
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  The prenatal diagnosis of closed (skin covered) spina 
bifida has been previously reported  [24] , and the most 
valuable sonographic clue for differentiating these from 
open defects seems to be the absence of cranial changes. 
The finding of a cystic mass (usually anechoic) with a 
thin wall associated with spinal dysraphism has been de-
scribed for open defects, and a complex appearance with 
echogenic components and thick wall has been described 
for closed defects  [24–27, 29] , but these findings are not 
always clear and sometimes impossible to distinguish. In 
our study, all the patients with closed defects had normal 
cranial anatomy, but the features of the spinal lesions var-
ied and often did not have the so-called typical appear-
ances described for closed defects. Fetal MRI and normal 
acetylcholinesterase were useful in order to support the 
previously suspected diagnosis, but it is noteworthy that 
no changes to the previous diagnosis were made by these 
investigations.

  It is known that closed spinal defects usually have a 
good prognosis, but there are only a few reports in the 
literature  [29, 30]  about the prenatal diagnosis of these 

defects with corresponding follow-up. Our study results, 
although limited by small numbers (n = 6), show an ex-
cellent prognosis in terms of ability to walk independent-
ly (100%) and neurodevelopment (normal in 100% of the 
cases), but all of these children required spinal surgery 
during the first year of life and the development of neu-
ropathic bladder during the follow-up period was consid-
erable (3 of 6 cases).

  After fetal medicine assessment and patient choice 
with modern multi-disciplinary management, the prog-
nosis of the selected spina bifida group, while a little bet-
ter in terms of survival rates, remains relatively poor in 
terms of morbidity, and the rates of neuropathic bladder 
problems in these children remain a concern.
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