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Abstract

Objective: It was the aim of this study to assess the preva-
lence of preschool neurobehavioral problems in children fol-
lowing fetal myelomeningocele (fMMC) surgery. Methods:
Prior to the Management of Myelomeningocele Study, 30
fMMC patients underwent a standardized neurodevelop-
mental examination at 5 years of age. The prevalence of be-
havioral problems was assessed by the Child Behavior Check
List (CBCL), which includes a total problem score and 2
broad-band indices (internalizing and externalizing prob-
lems). fMMC children were classified as having normal, at-
risk or clinically significant scores based on calculated T
scores. Results: Twenty-two (73%) fMMC families completed
the evaluation. Mean age at delivery following fMMC sur-
gerywas 35.5 = 1.6 weeks. The prevalence of ‘at-risk’ or ‘clin-
ically significant’ scores for internalizing, externalizing and
total behavioral problems was similar to general population
norms. No difference in overall internalizing (p = 0.19), exter-
nalizing (p = 0.54) and total behavioral (p = 0.18) scores was

found between non-shunted and shunted fMMC children.
However, shunted fMMC children were more likely to experi-
ence anxiety and depressive (p = 0.02), pervasive develop-
mental (p = 0.03) and withdrawn (p = 0.06) behavior. Oppo-
sitional defiant, attention deficit and hyperactivity problems
were not found. No correlation was found between overall
neurodevelopmental outcome and abnormal CBCL scores.
Conclusions: fMMC surgery and subsequent preterm deliv-
ery is not associated with increased behavioral problems,
impaired social interactions and restricted behavior pat-
terns. Shunted fMMC children were more likely to have
scores in the ‘at-risk’ or ‘clinically significant’ range for mul-
tiple CBCL subindices. Early detection of behavioral prob-
lems following fMMC surgery provides an opportunity for
targeted and timely intervention enabling affected fMMC
children to be socially successful.
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Introduction

Myelomeningocele (MMC) is a severe and complex
congenital defect of the central and peripheral neural sys-
tem that is associated with significant lifelong morbidity
(1]. It is characterized by protrusion of the meninges and
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neural elements through open vertebral arches leading to
variable degrees of paralysis, bladder and bowel inconti-
nence, as well as to skeletal deformities. Nearly all chil-
dren with MMC develop hindbrain herniation and hy-
drocephalus as part of the Chiari II malformation. Hy-
drocephalus adversely affects the intellectual outcome
and results in late morbidity and mortality caused by
shunt malfunction or infection. Generally, children with
MMC are at increased risk of neurocognitive impair-
ments, poor school achievement, language deficits, and
visual-motor integration [2]. Moreover, MMC is associ-
ated with a wide range of neurobehavioral, social and at-
tention deficit disorders [3-7].

Until a decade ago, treatment of MMC consisted of
surgical closure of the spinal canal at birth and lifelong
supportive care. However, the severe morbidity and sig-
nificant mortality associated with MMC combined with
compelling experimental evidence in animal models that
demonstrated that the neurological deficits in MMC are
acquired in fetal life and progress in severity throughout
gestation led to consideration of prenatal intervention for
MMC [1, 8]. Retrospective non-randomized and prospec-
tive randomized studies demonstrate that the ongoing
damage to the spinal cord might be alleviated by fetal
MMC (fMMC) surgery before 26 weeks of gestation and
that prenatal coverage reverses hindbrain herniation and
subsequently favorably impacts on brain stem function,
reduces the requirement for ventriculoperitoneal shunt
placement and enhances short-term neurofunctional
outcome [9-17]. However, these studies also demonstrate
that fMMC surgery increases the risks for preterm deliv-
ery [9, 10, 15, 17].

Although long-term follow-up is necessary, the impli-
cations of these short-term findings are intriguing, if not
without controversy. The potential morbidity and mor-
tality resulting from fetal surgery is real, and it is unclear
whether the observed benefits will be sustained. For
fMMC surgery to be warranted, rigorous follow-up eval-
uation is necessary to determine whether its potential
benefits outweigh its complications and risks. Whether
fMMC surgery and subsequent preterm delivery may in-
crease the incidence and severity of neurobehavioral
problems in children with MMC is unknown. Therefore,
we explored the relationship between neurobehavioral
problems in children who underwent fMMC surgery pri-
or to the start of the National Institutes of Health (NTH)-
sponsored Management of Myelomeningocele Study
(MOMS) trial.

fMMC Coverage and Neurobehavioral
Outcome

Patients and Methods

This study was approved by the Committee for Protection of
Human Subjects Institutional Review Board (IRB No. 2000-11-
2081).

Prior to the beginning of the MOMS trial, 54 MMC fetuses
underwent in utero MMC closure at our institution between Jan-
uary 1998 and February 2003. Selection criteria, preoperative
evaluation, fetal surgical approach, and short-term outcome have
been described elsewhere [9, 15]. Thirty (56%) returned at 5 years
of age for comprehensive standardized preschool neurodevelop-
mental examination as described previously [14]. In addition to
the Wechsler Preschool and Primary Scale of Intelligence, third
edition (WPPSI-III), fMMC families were asked to complete the
Child Behavior Check List for ages 1.5-5 years (CBCL/1.5-5) to
assess attention and other behavioral skills.

The WPPSI-III is a widely used, standardized assessment tool
shown to be both valid and reliable [18]. The scales are comprised
of 10 verbal and performance subtests and yield verbal, perfor-
mance, full scale and processing speed scores.

The CBCL/1.5-5 is a questionnaire that contains 120 items
which are scored on a 3-point scale (0 = not true; 1 = somewhat or
sometimes true; 2 = very or often true) and is used to obtain pa-
rental reports of behavior problems and pro-social adaptive skills
demonstrated within the previous 6 months [19, 20]. Results in-
clude a total problem score and 2 broad-band groupings that were
scored: an internalizing grouping, containing items such as with-
drawn behavior, somatic complaints without physical cause and
anxious-depressed feelings, and an externalizing grouping, con-
taining items such as aggressive and delinquent behavior. Chil-
dren were classified as having normal, at-risk or clinically sig-
nificant scores based on T-score intervals (T score <60, normal;
T score 61 to <65, at risk; T score >66, clinically significant).

The two-sided t test, median test and univariate regression
analysis were used as appropriate. p < 0.05 was considered statis-
tically significant. All statistical tests were performed using JMP
statistical software package (version 7.0, SAS Corporation, Cary,
N.C., USA).

Results

Overall, 22/30 (73%) fMMC families that returned for
the 5-year follow-up evaluation completed the CBCL
evaluation. The overall shunt rate was 55% (n = 12), which
is lower than the reported 80-90% ventriculoperitoneal
shunt rate in postnatally repaired MMC patients [21, 22].
That fMMC surgery reduces the need for shunting has
also been confirmed by a recently completed randomized
trial [17]. The mean age at shunt placement was 4.8 = 2.9
months. Table 1 summarizes the baseline clinical demo-
graphics of  MMC children who completed the CBCL as-
sessment and those that either did not return for the
5-year follow-up evaluation or did not complete the CBCL
assessment. Mean gestational age at delivery and mean
birth weight for those fMMC children who did not return
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Table 1. fMMC patient demographics

All tMMC fMMC children who fMMC children p value
children completed CBCL who did not return/
(n=54) assessment at 5 years complete CBCL
(n=126) assessment (n = 28)
GA at fetal surgery, weeks 23.1*14 22.8%1.0 23.1%14 0.16
GA at delivery, weeks 347125 355%1.6 34725 0.03
Birth weight, g 2,482.6 £ 586.5 2,702.5+443.4 2,482.6 £ 586.5 0.01
Median APGAR after 1 min 8 [1-9] 8 [1-9] 8 [1-9] 0.78
Median APGAR after 5 min 9 [6-10] 9 [7-9] 9 [6-10] 0.95
Maximum prenatal VM 11.1£24 10.8£2.5 11.1%X24 0.43
Maximum postnatal VM 16.1x4.2 16.5%x4.3 16.1x4.2 0.55
Increase in lateral ventricular width 49%29 4.8%29 54%29 0.14
VP shunt placement for symptomatic VM 26 (48) 12 (55) 14 (44) 0.44
Age at shunt placement, months 54%29 46%29 6.1x29 0.31
Median level of lesion 14 [T8-S1] L4 [T12-S1] 14 [T8-S1] 0.25
Ambulatory status at 5 years of age 0.31
Independent 37 (69) 16 (73) 21 (66)
Assisted walking 13 (24) 5(23) 8 (25)
Wheelchair dependent 4(7) 1(4) 3(9)

Data are means = SD, unless otherwise indicated. Figures in brackets are ranges; figures in parentheses are percentages. GA =
Gestational age; VM = ventriculomegaly; VP = ventriculoperitoneal; NS = not significant.

Table 2. fMMC CBCL/1.5-5 scores in comparison to normative

data

Prevalence of at-risk or clinically p

significant CBCL/1.5-5 value

normative fMMC entire

data from cohort (n = 22)

healthy children

born at term

(n =20)
Total problems 18 14 0.44
Externalizing problems 17 14 0.56
Internalizing problems 21 18 0.59
Emotionally reactive 10 14 0.38
Anxious/depressed 8 5 0.39
Somatic problems 9 14 0.27
Withdrawn 7 0 <0.01
Sleep problems 5 5 1.0
Attention problems 7 9 0.60
Aggressive behavior 7 9 0.60
DSM affective 7 9 0.60
DSM anxiety 8 9 0.80
DSM pervasive 9 9 1.0
DSM ADHD 7 0 <0.01
DSM oppositional defiant 7 9 0.60

Data are given in percentages. DSM = Diagnostic and Statisti-
cal Manual of Mental Disorders; ADHD = attention deficit hyper-
activity disorder.
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was significantly reduced (p = 0.03 and 0.01) compared to
the study group. The overall ambulatory status and neu-
rodevelopmental outcome of the participating fMMC
group and the non-participating fMMC children were
similar (p = 0.31 and 0.15).

The mean CBCL/1.5-5 T score for total, internalizing
and externalizing problems for all 22 fMMC children
who participated was 44.1 * 12.3 (median 42, range
28-70), 46.2 * 12.0 (median 43, range 29-70) and 43.4
+ 11.4 (median 46, range 28-67), respectively. The
overall prevalence of at-risk or clinically significant
scores for the CBCL/1.5-5 of the fMMC cohort was sim-
ilar to general population norms (table 2). Of note, none
of the fMMC children were in the ‘at-risk’ or clinically
significant range for withdrawn problems and attention
deficit hyperactivity disorder compared with 7% (p <
0.01) and 7% (p < 0.01) for the normative data, respec-
tively [20].

No difference in overall internalizing (p = 0.19), exter-
nalizing (p = 0.54) and total behavioral (p = 0.18) scores
was found between non-shunted and shunted fMMC
children. However, shunted fMMC children were more
likely to experience anxiety and depressive (p = 0.02) as
well as pervasive developmental (p = 0.03) problems.
Shunted fMMC children also tended to experience with-
drawn behavior (p = 0.06) that did not reach statistical

Danzer/Gerdes/Bebbington/Koh/Adzick/
Johnson
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Table 3. CBCL/1.5-5 scores in fMMC non-shunted and shunted children

fMMC non-shunted fMMC shunted p value

children (n = 10) children (n = 12)
Total problems 47.3+14.5 (48; 28-70) 40.4 £ 8.5 (41; 28-70) 0.18
Externalizing problems 43.4+11.4 (46; 28-67) 46.6 +13.2 (46; 28-67) 0.54
Internalizing problems 42.6+ 8.4 (42; 33-63) 49.2+14.0 (53; 29-70) 0.19
Emotionally reactive 50.1+0.3 (50; 50-51) 55.5+9.8 (50-77) 0.11
Anxious/depressed 50.2 0.4 (50; 50-51) 53.4%6.9 (51; 50-74) 0.02
Somatic problems 52.2+2.6 (53; 50-58) 56.0+7.2 (53; 50-70) 0.36
Withdrawn 50.9 £ 1.9 (50; 50-56) 54.1 +4.4 (54; 50-63) 0.06
Sleep problems 52.0+3.9 (50; 50-62) 54.3+£9.2 (50; 50-82) 0.68
Attention problems 51.3+2.3 (50; 50-57) 56.0+8.9 (50-77) 0.41
Aggressive behavior 50.2 £0.4 (50; 50-51) 53.6 £6.2 (51; 50-66) 0.13
DSM affective 51.0 % 1.9 (50; 50-56) 57.2+10.2 (52; 50-79) 0.18
DSM anxiety 50.6 £ 1.3 (50; 50-54) 55.5%10.4 (50; 50-81) 0.25
DSM pervasive 50.2 + 0.4 (50; 50-51) 56.3 + 8.0 (52; 50-72) 0.03
DSM ADHD 50.8 £ 1.4 (50; 50-54) 53.1£4.8 (51;50-64) 0.32
DSM oppositional defiant 51.0 £ 1.7 (50; 50-55) 55.2+8.6 (51; 50-73) 0.48

Data are presented as the mean = SD (median; range). DSM = Diagnostic and Statistical Manual of Mental
Disorders; ADHD = attention deficit hyperactivity disorder.

significance. Overall CBCL/1.5-5 scores for non-shunted
and shunted fMMC children are summarized in table 3.

No correlation was found between the WPPSI neuro-
developmental outcome [15] and the prevalence of at-risk
or clinically significant CBCL/1.5-5 T scores.

Discussion

Preterm infants are at increased risk for the sub-
sequent development of neurobehavioral problems in
childhood. Particularly, there is a strong association be-
tween prematurity and the development of attention def-
icit/hyperactive disorder, withdrawn and externalizing
problems [23-26]. These problems have significant impli-
cations for school performance and academic function-
ing later in life [23].

Despite the promising results of the impact of fMMC
surgery on the outcome in affected children, non-ran-
domized and randomized studies show that fetal inter-
vention for MMC is associated with an increased risk of
prematurity [9, 10, 15, 17]. On average, fMMC children
are born at 34 weeks of gestation with 14% of infants born
before 30 weeks of gestation in our initial non-random-
ized fMMC cohort and with 13% of infants in the NIH-
sponsored randomized MOMS trial [9, 17]. Although the
impact of fMMC surgery on neurocognitive and neuro-

fMMC Coverage and Neurobehavioral
Outcome

functional outcome has been examined extensively [10,
12-17], less attention has been paid to the impact of
fMMC repair on the overall neurobehavioral outcome.
Therefore, we examined the preschool neurobehavioral
outcome in children who underwent fMMC prior to the
initiation of the NIH-sponsored randomized trial. Our
results suggest that the prevalence of neurobehavioral
problems following fMMC surgery and subsequent pre-
term delivery is similar to that reported in population
norms (term children without MMC) [20]. Further, while
no difference in total, internalizing and externalizing be-
havioral scores was found between non-shunted fMMC
children and those who required shunt placement for
progressive ventriculomegaly, shunted infants were more
likely to have at-risk or clinically significant scores in sev-
eral CBCL/1.5-5 internalizing subindices such as anxiety
and depressive, pervasive development and withdrawn
problems. Whether these neurobehavioral deficits in the
internalizing subindices have an impact on school per-
formance, increased strain in interpersonal relationship
and inappropriate behavior as these children grow older
remains to be determined.

The findings that shunted fMMC children are at in-
creased risk of developing neurobehavioral problems in
some internalizing subindices is in agreement with previ-
ous reports in postnatally repaired MMC patients who
required shunt placement [3, 5, 6]. Although these studies
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also suggest that postnatally repaired MMC patients are
at increased risk of developing attention problems, sig-
nificant attention deficits were not found in our cohort.
Of note, our previous follow-up evaluations of children
who underwent fMMC surgery at our institution also
demonstrated that children who required ventriculoperi-
toneal shunting following fetal intervention were more
likely to continue to present with Chiari IT malformation-
related neurological dysfunction, a higher incidence of
seizure activity and had lower neurocognitive scores
compared to those fMMC children who did not require
a shunt [12, 13, 15, 16]. We can only speculate whether
children who require shunt placement have more exten-
sive underlying dysgenesis or disorganization of their
brain such as increased reduction in cerebral white mat-
ter and overall cortical mantle, and/or abnormalities in-
volving the midbrain, cerebellum and corpus callosum
that allow a more frequent manifestation of neurocogni-
tive and neurobehavioral problems than their non-shunt-
ed fMMC peers.

There are several limitations to our study. First, the
sample sizes were small, particularly since not all  MMC
families returned for follow-up or completed the
CBCL/1.5-5 form, and replication is needed before these
results can be confidently generalized to a larger popula-
tion of children who underwent fMMC surgery. Second,
given the retrospective and cross-sectional study design,
serial evaluations of neurobehavioral outcomes are war-
ranted to define whether behavioral problems may de-
velop, as these children grow older. These studies are un-
derway. Third, environmental factors, such as parent ed-
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