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ARTICLE

Improvement of motor function

and decreased need for postnatal
shunting in children who had undergone
intrauterine myelomeningocele repair

Melhora em funcao motora e necessidade reduzida de shunts
p6s-natais em criancas submetidas a cirurgia fetal uterina da mielomeningocele

Tereza Cristina Carbonari de Faria’, Sergio Cavalheiro? Wagner Jou Hisaba®, Antonio Fernandes
Moron®, Maria Regina Torloni®, Ana Lucia Batista de Oliveira“, Carolina Peixoto Borges?®

ABSTRACT

Objective: To compare neuromotor development between patients who did and those who did not undergo intrauterine myelomenin-
gocele repair. Methods: Children with myelomeningocele aged between 3.5 and 6 years who did undergo intrauterine repair (Group A,
n=6) or not (Group B; n=7) were assessed for neuromotor development at both anatomical and functional levels, need for orthoses, and
cognitive function. Results: Intrauterine myelomeningocele repair significantly improved motor function. The functional level was higher
than the anatomical level by 2 or more spinal segments in all children in Group A and 2 children in Group B, with a significant statistical
difference between groups (p<0.05). Five children in Group A and one in Group B were community ambulators. Conclusion: Despite the
small sample, it was observed that an improvement of motor function and decreased need for postnatal shunting in the 6 children who
had undergone intrauterine myelomeningocele repair.

Key words: myelomeningocele, spinal dysraphism, gait, fetal diseases, surgery.

RESUMO

Objetivo: Comparar o desenvolvimento neuromotor de pacientes submetidos & cirurgia fetal intrauterina da mielomeningocele ao de
pacientes ndo submetidos ao procedimento. Métodos: Foram avaliados: o desenvolvimento neuromotor (descrevendo o nivel anatémico
e motor funcional), o tipo de marcha, a necessidade de 6rteses e o nivel cognitivo de criangas com mielomeningocele entre 3,5 e 6 anos
de idade, submetidas (Grupo A; n=6) ou nao submetidas (Grupo B; n=7) a cirurgia fetal intra-uterina. Resultados: A funcao motora apre-
sentou melhora significante, com nivel funcional mais elevado em dois ou mais segmentos em relacdo ao nivel anatémico em todas as
criancas do Grupo A e em duas criancas do Grupo B, com diferenca estatistica entre os grupos (p<0.05). Cinco criancas do Grupo A e uma
do grupo B eram deambuladoras comunitarias. Conclusao: Apesar da pequena amostragem, nos 6 casos de cirurgia prenatal observou-
se melhora da funcdo motora e menor necessidade de shunts p6s-natais.

Palavras-Chave: meningomielocele, disrafismo espinal, marcha, doencas fetais, cirurgia.

Myelomeningocele (MMC) or open spina bifida is a  Patients with this condition are often limited by various de-
common and devastating congenital defect of the central  grees of mental retardation, bowel and bladder dysfunction,
nervous system for which there is no cure. MMC is charac-  motor and orthopedic disability and hydrocephalia in 85%
terized by the protrusion of the meninges and spinal cord  of cases'” Despite folic acid fortification, the incidence of
through open vertebral arches, leading to lifelong paralysis. =~ MMC in the United States has stabilized at 3.4 per 10,000
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live births®. The aim of postnatal surgery is to cover the
exposed spinal cord, prevent infection and treat hydroceph-
alus with a ventricular shunt’. However, little progress has
been made in the postnatal surgical management of chil-
dren with spina bifida.

Open repair through a hysterotomy has been performed
since 1997. The Management of Myelomeningocele Study
(MOMS) began in 2003, which is a multicenter randomized
trial funded in the United States of America for five years by
The National Institute of Child Health and Human Develop-
ment®. The goal is to compare the safety and efficacy of the
intrauterine repair of MMC with standard postnatal repair.
The three participating clinical centers are the Children’s Hos-
pital of Philadelphia (CHOP), the University of California and
Vanderbilt University Medical Center®’. Adzick et al.! pub-
lished the results of the MOMS with one hundred and fifty
eight patients whose children were evaluated for 30 months.
The authors concluded that prenatal surgery for MMC re-
duced the need for shunting and improved motor outcomes
in 30 months, but was associated with an increased risk of
preterm delivery and uterine dehiscence at delivery.

Motor evaluations of children with MMC reveal a high
degree of functional disability in the majority of cases,
especially in acquiring independent ambulation®*". Assess-
ing motor skills, fetal surgery in this population (58 CHOP
patients) resulted in better than predicted lower extrem-
ity function at birth and ambulatory status at follow up
revealed that 66% were independent walkers'. The results
of MOMS showed that 42% of patient having undergone
prenatal surgery were walking independently without or-
thoses in 30 months versus 21% of those having undergone
postnatal surgery'. A number of factors influence neuromo-
tor development in children with MMC, such as cognitive
impairment, health problems (repeated urinary infections),
neurological problems (seizures) and skeletal deformities
as well as a lack of rehabilitation treatment and adequate
braces™*.

The aim of the present study was to observe the neuro-
motor development of patients with MMC either submitted
or not submitted to intrauterine surgery, describe anatomi-
cal and functional motor levels and determine ambulation
type, the need for orthoses and cognitive levels in these
children.

METHODS

The study was approved by the Research Ethics Com-
mittee of the Universidade Federal de Sdo Paulo, approval
number CEP0864/04, and performed in accordance with the
ethical standards of the 1964 Declaration of Helsinki and its
subsequent amendments. Written informed consent was
obtained from the parents or legal guardians.
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Children between 3.5 and 6 years of age with a prenatal
diagnosis of myelomeningocele and followed up in the pre-
natal phase at the Fetal Medicine Sector of the Universidade
Federal de Sao Paulo (Brazil) were evaluated. Six children had
been submitted to intrauterine MMC repair in 2003 and 2004
(Group A). The following inclusion criteria were used for fetal
surgery: measurement of fetal ventricular atrium less than
16 mm, gestational age less than 27 weeks, opening of the
spine below vertebra T10, absence of malformations in other
organs, absence of chromosome alterations, and absence of
maternal obstetric or clinical disease. The fetuses of seven
pregnant women followed up in the same period without
these criteria served as controls (Group B). The fetuses in
Group B also had no alterations in other organs or systems
and all exhibited dilatation of the ventricular system greater
than 16 mm or had a gestational age upon admission to the
Fetal Medicine Sector greater than 27 weeks. Six other chil-
dren having been submitted to the placement of a ventric-
ular-amniotic shunt due to progressive hydrocephalus with
important dilatation of the ventricular system were excluded
from the study.

The fetal surgeries were performed between 25 and 27
weeks of gestation. After hysterotomy, the fetal dorsum was
carefully positioned to coincide with the uterine opening and
the neurosurgical team performed the closure of the myelo-
meningocele. The pregnancies were followed up on a weekly
basis. Twelve births occurred in the Sdo Paulo Hospital and
one occurred at the Pré-Matre Paulista Maternity due to
premature labor and the proximity of this maternity to the
patient’s home (this child had undergone intrauterine myelo-
meningocele repair).

The children were routinely followed up initially on a
monthly basis and subsequently once per semester. After 2007,
the children were called in for a new evaluation of cognitive
level and functional level of the lesion at a minimum age of 3.5
years. Anatomical level was characterized through either an
x-ray of the spine or magnetic resonance imaging, considering
the highest vertebra affected by the closure defect.

The Columbia test was administered for the cognitive
evaluation (general reasoning) between the ages of three
years six months and nine years 11 months'. This test has
received approval from the Brazilian Board of Psychology
and was administered by a single psychologist who was un-
aware of the surgical history of the patients. The test was
administered in the same room without any decorations or
instruments that might attract the child’s attention.

The assessment of motor strength was performed by
a physical therapist linked to the Pediatric Neurosurgery
Sector with no knowledge on the type of perinatal approach.
Muscle strength, reflexes and sensitivity in the lower limbs
were evaluated. With regard to functional ambulation, the
children were grouped based on the classification proposed
by Hoffer et al.'”:
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e Community ambulators: patients capable of walking in
internal and external environments during the majority
of their activities and may need braces, crutches or both;
such individuals only need a wheelchair for long trips
outside the community;

e Household ambulators: patients capable of walking only
in internal environments and with the use of braces; such
patients are able to transfer themselves from the chair to
bed with little or no assistance; they may use a wheel-
chair for some household and school activities and use a
wheelchair for all other activities in the community;

e Non-functional or therapeutic ambulators: patients who
only walk during therapy; such patients use a wheelchair
for all their transportation needs;

e Non-ambulators: patients confined to a wheelchair that can
transfer them from the chair to the bed, when necessary.

e The functional level of the lesion was classified as
follows':

e Thoracic level - no sensation below the hips and
power in muscles crossing the hip joint or distal to it;

e Upper lumbar level - one or more of the follow-
ing: some sensation below hip joint, some power in
hip adductors or flexors or knee extensor (iliopsoas
strength 0-3 degree);

e Lower lumbar level — one or more of the following
(quadriceps strength 4-5 degree);

e Sacral level — one or more of the following: power in
the ankle or toe plantar flexors or hip extensor (glu-
teus and tibialis anterior strength 4-5 degree).

The chi-square test with continuity correction and Fisher’s
exact test were used for the statistical analysis, with the level
of significance set to 5% (p<0.05).

RESULTS

Mean gestational age upon birth among the children
submitted to intrauterine MMC repair (Group A) was 32.4
weeks (range: 28 weeks 4 days to 34 weeks 5 days). Mean
age in the control group (Group B) was 35.1 weeks (range:
32 weeks 1 day to 36 weeks). The age of the children at the
time of the evaluation of cognition and neuromotor func-
tion was 3.84 years (range: 3.75 to 4.41 years) in Group A and
4.08 years (range: 3.5 to 6 years) in Group B. Table 1 displays
the anatomic level (highest vertebra with closure defect) in
both groups. The thoracic level in both groups was at T12
and Table 2 displays the motor level in the groups.

Two children in Group A required cerebrospinal fluid
shunts. The first exhibited an increase in the lateral ven-
tricles following intrauterine repair and the shunt was
placed on the third day of life. The second child exhib-
ited signs of intracranial pressure two months following
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birth and the shunt was placed with 66 days of life. All
children in Group B exhibited dilation of the ventricu-
lar system (identified in prenatal ultrasound exams) and
were submitted to shunt placement between one and
three weeks of life.

Cognitive abnormality was found in one child in Group
A and two children in Group B, with no statistically signifi-
cant difference between groups (p>0.05; Table 3). The child
in Group A did not need a shunt following birth; however,
birth in this case occurred at a gestational age of 28 weeks
five days.

Regarding the motor level, all children in Group A dem-
onstrated a significant improvement, with a functional
level of two segments or higher in relation to the ana-
tomic segment. This improvement pattern was observed
in only two children in Group B, with a statistically sig-
nificant difference between groups (p<0.05; Table 3). Only
one child in Group A was not a community ambulator
(restricted to a wheelchair). Two children did not need or-
thoses to walk in this group. In contrast, only one child in
Group B was a community ambulatory; one child needed
wheelchair and five needed orthoses to walk. However, no
statistically significant difference between Groups A and
B was found regarding the use of orthoses. Likewise, the
capacity for maintaining a standing position was greater
in Group A in comparison to Group B, but this difference
was not statistically significant (p>0.05; Table 3). Despite
the classification of community ambulation, there was a
need for the use of braces for spontaneous locomotion
in Group A.

Table 1. Distribution of anatomical levels in Group A and Group B.

Group A Group B

Anatomic Level

n % n %
Thoracic 2 33.33 3 42.86
Upper lumbar 4 66.67 1 14.29
Lower lumbar 0 0.0 3 42.86
Sacral 0 0.0 0 0.0
Total 6 7

Table 2. Distribution of motor levels in Groups A and B.

Group A Group B

Motor Level

n % n %
Thoracic 0 0.0 3 42.86
Upper lumbar 1 16.67 0 0.0
Lower lumbar 2 33.33 3 42.86
Sacral 3 50.0 1 14.29
Total 6 7




Table 3. Associations between intrauterine surgery and neuromotor assessment outcomes.

Variables G;o(t;/g)A G:’]O(L;/[:)B :c;g;:; e p-value* bevaller
Abnormal cognition 1(16.7) 2(28.6) 3(23.10) 0.258 0.612 1.000
Normal cognition 5(83.3) 5(71.4) 10(76.9)

Total 6(100) 7 (100) 13(100)

Improved motor level 6 (100) 2(28.6) 8(61.5) 4.273 0.039 0.021
No changes in

Motor level 0(0) 5(71.4) 5(38.5)

Total 6(100) 7(100) 13(100)

With orthosis 3(60) 5(83.3) 8(72.7) 0.034 0.853 0.545
Without orthosis 2 (40) 1(16.7) 3(27.3)

Total 5(100) 6 (100) 11(100)

Orthostatic control 4(66.7) 1(14.3) 5(38.5) 1.859 0173 0.103
Thoracic control 2(33.3) 6(85.7) 8(61.5)

Total 6(100) 7 (100) 11 (100)

#Chi-square test;'Fisher’s exact test

DISCUSSION

Intrauterine surgery for the correction of MMC emerged
in 1997 as an attempt to minimize the impact of neurologi-
cal abnormalities in these patients'. In Brazil, experience
with this type of surgery has been limited to six cases, which
have been followed up for a period of 40 months.

In an American study, Adzick et al.! presented the results
of the MOMS after 30 months, involving 158 cases divided
into two groups (patients having undergone intrauterine
surgery and those not having undergone this type of sur-
gery) and announced the intension to give continuity to the
follow up of this population into adulthood'. In the present
study, the decision was made to evaluate the children at a
minimum age of 3.5 years. According to Bowman et al.* the
maturation of the central nervous system is virtually com-
plete at this age and the gait pattern is similar to that found
in the adult population. Moreover, it is possible to perform
a cognitive evaluation of children at this age with more reli-
able results”.

Preliminary studies have demonstrated the benefits of
intrauterine surgery regarding the prevention and even the
reversal of dilatation of the ventricular system. Adelberg
et al.” analyzed the impact of the intrauterine repair of
MMC regarding enlarged ventricles and found a reduction
in the need for a ventriculoperitoneal shunt following birth®.
Johnson et al.* examined the short-term results of the devel-
opment of children with MMC with up to two years of age
who had undergone intrauterine repair at the Children’s Hos-
pital of Philadelphia (USA) and concluded that closure of the
lesion results in the reversal of severe herniation of the brain
stem, which is correlated with a reduction in or impedance
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of the progression of enlarged ventricles as well as a signifi-
cant reduction in the need for ventriculoperitoneal shunts'.
In the present study, two patients (33%) in Group A required
the placement of a shunt, whereas all those in Group B
needed a shunt. This result is similar to findings described in
the literature, especially data from the MOMS, which report
that 40% of cases of prenatal surgery require a shunt against
82% of cases of postnatal surgery"*. It should be pointed out
that the two cases in Group A that required a shunt did not
exhibit cognitive impairment. The only case with cognitive
impairment in this group did not require a shunt, but suf-
fered postnatal complications stemming from premature
birth and was also the only child restricted to a wheelchair
in Group A. In Group B, two cases exhibited cognitive im-
pairment (based on the Columbia Test), which is similar to
the findings reported in the MOMS, in which only 6% of the
cases of postnatal surgery had a score of 85 or more on the
Bayley Scale.

In the MOMS, infants in the prenatal surgery group were
more likely to have a level of function that was two or more
levels better than expected based on the anatomic level
(32 versus 12%, p=0.005) and less likely to have a level of func-
tion that was two or more levels worse than the expected
level (13 versus 28%, p=0.03) than infants in the postnatal-
surgery group. In the present study, all children in Group A
demonstrated a significant improvement, with a functional
level of two or more segments higher in relation to the ana-
tomic segment.

Danzer et al."” reported that 66% of the 58 cases having
undergone intrauterine surgery for MMC at the CHOP
exhibited independent gait, with the acquisition of gait
dependent on the motor level of the lesion (the presence
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of muscular innervation that provides sufficient strength
to maintain a standing position and coordinate the loco-
motor apparatus during the act of walking). In the MOMS,
children in the prenatal surgery group were more likely
than those in the postnatal surgery group to walk without
orthoses or devices (42 versus 21%, p=0.01). In the present
study, three patients in Group A did not require ortho-
ses for gait, but no statistically significant difference was
found in comparison to the control group due mainly to
the small sample size.

All patients in Group A exhibited an improvement with
regard to the anatomic level of the lesion, as five of the six
cases were community ambulators and had the motor ca-
pacity to maintain a standing position, indicating sufficient
strength in the gluteus and quadriceps muscles to overcome
the action of gravity. According to Adzick et al.! the better
function of the lower limbs and normalization of the position
of the brain stem in cases having undergone prenatal sur-
gery may represent a primary indication for intrauterine
surgery. Despite the neurological benefits of this surgical
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