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Abstract
Introduction Prenatal diagnosis of myelomeningocele
(MMC) has permitted a better planning for optimum
management of the disease. More recently, it has allowed
for a possible intrauterine repair of the spinal defect.
Objective To describe neurosurgical outcome in children
with myelomeningocele and follow-up at a referral center in

Fetal Medicine. Patients were characterized for the devel-
opment of a protocol suitable for fetal surgery, and fetuses
who were possible candidates for intrauterine surgery were
identified.
Materials and methods A retrospective descriptive analysis
was performed of 98 cases of fetal myelomeningocele, seen at
CAISM-UNICAMP, from January 1994 to December 2002,
identifying cases with a possible indication for fetal surgery.
Results Mean gestational age at diagnosis was 29 weeks
(17–39); level of lesion was above the sacral region in
92.84%; association with hydrocephalus occurred in
78.57%. During clinical course, 82.5% of patients had
neurogenic bladder and 60% had neural and mental deficits.
Potential intrauterine repair rate was 11.57%, using criteria
from the protocol developed in our service.
Conclusion Myelomeningocele is associated with severe
and frequent sequelae. In virtually 12% of our cases, fetal
surgery could have been offered as a therapeutic option.
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Introduction

Myelomeningocele (MMC) is a form of dysraphism
resulting from defective closure of the posterior portion of
the neural tube, during the fourth week of gestation.
Although the etiology is still not fully understood, it may
be a primary defect in the formation of the notochord or a
failure of mesenchymal migration lateral to the spinal
column [9]. Its incidence varies in the literature. In Brazil,
the Perinatal Genetics Program of CAISM-UNICAMP
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recorded an MMC rate of 2.28:1,000 births from 1982 to
2001, while in the United States, prevalence of the disease
was reported to be approximately 1:1,000 live births.

The birth prevalence rate of MMC seems to be slightly
higher in females (1.5:1) [12, 17]. According to the “two-
hit hypothesis” proposed by Heffez and co-workers in 1990
[9], a primary event leads to the exposure of neural
elements, causing defective development of the spinal cord
(myelodysplasia), and a secondary event determines ero-
sion and necrosis of the exposed region, producing
progressive damage with advancing gestational age [8,
15]. This hypothesis is supported by an observation
suggesting that the neural lesion acquired during fetal life
is aggravated by mechanical trauma or by chemical toxicity
of the amniotic fluid [7].

Despite the ability of the fetal body to repair damaged
tissue, intrauterine healing of the dysraphic defect fails to
occur [22]. This congenital anomaly is associated with
significant sequelae: widely varying degrees of motor
deficits, skeletal deformities, bladder and bowel inconti-
nence, sensory deficits below the level of the spinal lesion,
and sexual dysfunction. In addition to these, some compli-
cations are caused by hydrocephalus, which occurs in more
than 85% of patients afflicted with the defect. Hydrocephalus
is secondary to the Arnold–Chiari malformation, which
consists of a complex anomaly of the posterior fossa
characterized by permanent herniation of the medulla
oblongata and cerebellum through the foramen magnum,
extending to the cervical spinal canal, leading to ventriculo-
megaly. Different degrees of mental retardation are observed,
due to severe spinal cord lesions occurring before birth,
hydrocephalus, and surgical complications [19, 20]. The
survival rate of fetuses with MMC has increased by routine
use of prenatal ultrasound diagnosis and pregnancy follow-
up visits to a tertiary medical center with a multidisciplinary
team for perinatal care [11]. However, as a consequence of
the sequelae described, the mean longevity of these patients
is reduced to less than 40 years of age, and their quality of
life is considerably impaired. Furthermore, the personal,
family, and social cost of the disease is heavy [6].

The standard treatment for MMC has been neonatal
surgical repair, which includes primary repair of the defect
and placement of a ventriculoperitoneal valve in cases of
hydrocephalus. Even following surgical treatment, approx-
imately 14% of newborns do not survive beyond 5 years of
age. For those who do survive, surgery has not proved to be
sufficiently effective in preventing sequelae. Furthermore,
at least half of these children suffer complications from the
ventriculoperitoneal shunts (VPS) within the first year of
catheter insertion [4, 14]. Intrauterine surgical repair has
been recently recommended not only to decrease sequelae
due to hydrocephalus by reducing complications and the
need for ventriculoperitoneal shunt placement, but also to

decrease motor limb sequelae [2, 10, 25]. The first model of
myelomeningocele with fetal repair was surgically created
by Michejda in primates, in 1984 [16].

In 1997, Bruner et al. published the first endoscopic
intrauterine repair of MMC [3]. In the following year,
Adzick et al. published the first open intrauterine repair of
MMC [1]. The aim of the present study is to describe the
follow-up of 98 children diagnosed prenatally with myelo-
meningocele, suggesting a protocol suitable for fetal
surgery and identifying possible candidates for intrauterine
surgical intervention.

Materials and methods

We conducted a descriptive and retrospective study of 98
cases of myelomeningocele, analyzing information
obtained from medical records of patients seen at CAISM-
UNICAMP, from January 1994 to December 2002, with
intrauterine diagnosis of myelomeningocele by ultrasound.
The study was approved by the Research Ethics Committee
in the School of Medicine at the Universidade Estadual de
Campinas (FCM-UNICAMP). From January 1994 to
December 2002, 80 neonatal surgeries for myelomeningo-
cele repair were performed by a single neurosurgeon in the
Women’s Center of Integral Healthcare at the Universidade
Estadual de Campinas (CAISM-UNICAMP) using the
same surgical technique. In the postoperative period,
patients were followed by the Group of Fetal Medicine at
CAISM-UNICAMP, for a minimum of 2 years and a
maximum of 11 years in the outpatient facility of Infant
Neurosurgery at the Hospital das Clínicas of UNICAMP
and in the outpatient facility of Neonatal Neurosurgery of
CAISM-UNICAMP.

The following patient characteristics were analyzed:
number of pregnant women who had prenatal examina-
tions, number of twin pregnancies, frequency of association
with some genetic syndrome or other associated malforma-
tion, frequency of myelomeningocele according to maternal
age, parity of the pregnant woman, history of previous
abortion, history of previous caesarian section, route of
delivery used for the birth of a patient with myelomenin-
gocele, mean gestational age at diagnosis, frequency of
stillborns, frequency of live births, sex distribution of
patients with myelomeningocele, weight of patients with
myelomeningocele at birth, gestational age of patients with
myelomeningocele at birth, Apgar score at 1 and 5 min,
distribution of patients with myelomeningocele by level of
lesion, frequency of ruptured myelomeningocele, frequency
of hydrocephalus, frequency of neurogenic bladder, fre-
quency of urinary incontinence, frequency of fecal incon-
tinence, frequency of dislocated hip, frequency of
congenital clubfoot, presence of deep tendon reflexes,
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frequency of delayed neurologic and psychomotor devel-
opment, need for external ventricular shunt placement
anytime during follow-up, need for ventriculoperitoneal
shunt placement anytime during follow-up, frequency of
the Arnold–Chiari malformation, number of surgeries
performed for myelomeningocele repair, surgery distribu-
tion for myelomeningocele repair by time of performance
after birth, length of hospital stay, mortality rate at first
hospital admission and during follow-up, frequency of
infants alive at hospital dismissal, frequency of shunt
revision, mortality, and patient’s level of dependence
throughout follow-up.

We carried out an epidemiological analysis, using the
chi-square method and p values generated by the Epiinfo
program. Statistically significant variables were those that
presented p<0.05. Thus, we identified the fetuses who were
potential candidates for prenatal surgical intervention,
according to current internationally accepted criteria for
indication: myelomeningocele as an isolated malformation,
absence of chromosomal anomalies, and gestational age
between 20 and 25 weeks [24]. Primiparity is a suggested
criterion, although specialists in the field are not unanimous
on this point. Bruner et al. set 30 weeks as the upper limit
for gestational age, but also failed to reach a consensus [2].
According to the results obtained, we suggested the
development of a protocol adapted to the reality of our
population.

Results

Prenatal examination was performed in 94 of the 95
pregnant mothers (98.94%) (p<0.05), and there were three
twin pregnancies. The frequency of myelomeningocele
according to maternal age was as follows: 27 of 95 mothers
were 14 to 20 years (28.42%), 24 of 95 mothers were
between 21 and 25 years (25.26%), 23 of 95 mothers were
between 26 and 30 years (24.27%), 15 of 95 mothers
were between 31 and 35 years (15.78%), six of 95 mothers
were between 36 and 40 years (6.37%) (p>0.05).The mean
gestational age at diagnosis was 29 weeks (17–39). In the
study conducted, 41 mothers carrying fetuses diagnosed
with myelomeningocele were primigravidas (43.15%), 22
were secundigravidas (23.15%), 16 were in their third
pregnancy (16.84%), nine were in their fourth pregnancy
(9.47%), four were in their fifth pregnancy (4.21%), two were
in their sixth pregnancy (2.19%), and one was in her seventh
pregnancy (1.05%) (p>0.05). Regarding parity, 84 pregnant
women had no history of previous abortion (88.42%), only
ten women had one previous abortion (10.52%), and one
woman had three previous abortions (1.05%) (p<0.05). Of
the 98 patients, 71 (82.71%) were born by cephalic
presentation, 17 (17.34%) were born by pelvic presentation,

and ten (10.20%) were born by footling presentation. Of the
98 patients studied, 86 were delivered by caesarian section
(87.75%), and 12 were delivered vaginally (12.24%) (p<
0.05). Fourteen of the pregnant women had a history of
previous caesarian sections, 85.7% of these women had one
previous caesarian section, 7.14% had two previous caesar-
ian sections, and 7.14% had three previous caesarian
sections.

Regarding newborns, 18.36% (18 cases) were stillborn
babies (p>0.05) and 81.63% (80 cases) were live births (p
>0.05). Of the total number, eight cases (8.16%) had some
type of chromosomal alteration and/or another associated
malformation, and 6.12% (six cases) were twin pregnan-
cies, with both infants affected by myelomeningocele (p<
0.05). There were 58 female infants (59.18%) and 40 male
infants (40.81%) (p>0.05). Of the 98 cases, 82 infants
weighed more than 2,500 g at birth (83.67%), and 16
infants weighed less than 2,500 g (16.32%) (p<0.05).
Gestational age at birth was term in 76.53% (75 cases) and
preterm in 23.46% (23 cases) (p<0.05). The Apgar score
was 6 to 10 at 1 min in 62 cases, i.e., 63.26% of births; and
8 to 10 at 5 min in 76 cases, i.e., in 77.55% of the total
number of cases (p>0.05). Of the 98 cases, 50 (51.02%)
were characterized as having ruptured myelomeningocele
(p>0.05). The incidence of hydrocephalus was 78.57% (77
cases) (p<0.05) (Table 1). Among these 77 cases, ten
(12.98%) underwent external ventricular shunting (EVS) at
any given time during clinical course (p>0.05) and 59
cases (76.62%) underwent ventriculoperitoneal shunting
(VPS) at any given time (p>0.05). The frequency of
Arnold–Chiari malformation was 92.85% (91 cases) (p<
0.05) (Table 1).

Of the 80 live births, 66 cases presented with neurogenic
bladder (82.5%) (p<0.05): 49 cases had fecal incontinence
(61.25%) (p>0.05), 38 cases had urinary incontinence (47.
5%) (p>0.05), and 28 cases had a dislocated hip (35%) (p
>0.05) (Table 1). Of the 80 live births, 48 presented some
form of delayed neurologic and psychomotor development
(60%) detected in a given period of outpatient follow-up

Table 1 Frequency of complications associated with myelomeningocele

Complications Number
(N)

Percentage
(%)

Hydrocephalus 77 78.57
Congenital clubfoot 54 67.5
Neurogenic bladder 66 82.5
Fecal incontinence 49 61.2
Dislocation of the hip 28 35.0
Arnold–Chiari malformation 91 92.85
Delayed neurologic and psychomotor
development

48 60.0
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(p>0.05) and 54 cases had congenital clubfoot (67.5%) (p
>0.05) (Table 1). Table 2 shows the frequency of
myelomeningocele locations in 98 patients, with 51 patients
presenting lumbosacral lesion (52.04%), 35 patients having
thoracolumbar lesion (35.71%), eight having sacral myelo-
meningocele (8.16%), three patients having lumbar lesion
only (3.06%), and one patient having cervical myelome-
ningocele (1.02%) (p<0.05). Myelomeningocele repair was
performed in 80 cases of live births (100%). Regarding the
day patients underwent myelomeningocele repair: same day
of birth in 20 cases (25%), within the first 24 h of life in 62
cases (77.5%); from 24 to 48 h after birth in 11 cases
(13.75%) from 48 to 72 h after birth in three cases (3.75%),
and between 8 and 10 days after birth in two cases (2.5%)
who were brought to CAISM-UNICAMP only several days
postnatally (p>0.05). Regarding surgical complications, of
the 80 surgeries performed for myelomeningocele repair, no
surgical wound infection was observed in this series.
However, in 12 cases (15%) (p<0.05), some type of
necrosis in small skin sutures was seen after closure, with
no sign of infection and no need for repeat operation. Of the
80 cases operated, four cases (5%) (p<0.05) presented a
CSF fistula at the surgical wound after myelomeningocele
repair, all treated and resolved with placement of a
ventriculoperitoneal shunt or an external ventricular shunt.

Meningitis occurred in three cases (3.75%) (p<0.05),
diagnosed and treated during the first hospital admission.
Regarding days of newborn hospitalization during their first
hospital admission, we found that 11.2% of the patients
were hospitalized from 1 to 5 days, 22.44% were
hospitalized from 6 to 10 days, 24.48% from 11 to 15 days,
19.38% from 16 to 20 days, 10% from 21 to 30 days (p<
0.05). The frequency of infants alive at dismissal was
88.75% (71 cases). Of the 80 newborns studied, 37.5% (30
cases) presented with paraplegia, 56.25% (45 cases) had
varying degrees of paraparesis, and 6.25% (five cases) had
no motor deficits (p>0.05). Of the 77 infants who
developed hydrocephalus, 59 (76.72%) of these required a
ventriculoperitoneal shunt sometime during clinical course.
In the majority of cases, time of first shunt placement was
between the second and third week after birth (84.74%).
Regarding removal and replacement of the shunt system
due to malfunction or infection, the need arose in 28 cases
(47.45%) in the first year of age, with an average of one to

two revisions per patient. Mortality during the follow-up
period (minimum of 2 years and maximum of 11 years) of
the 80 live births was 15 cases (18.75%), and all deaths
occurred before completing 5 years of follow-up. Following
the criteria described for fetal surgery indication, with the
exclusion of primigravidas (41 pregnant women), 11
patients in 95 pregnancies would potentially benefit from
intrauterine repair. Including primigravidas (total of 95
pregnant women), 24 would be candidates for fetal surgery.
If gestational age was the same criterion adopted by Bruner
et al., we would have 39 candidates [2].

Discussion

Although prenatal ultrasound diagnosis of MMC may be
performed as early as 15 to 18 weeks of gestation, our case
history showed that the diagnosis was made later, at a mean
gestational age of 29 weeks. This finding is expected in our
setting especially due to difficulties in performing early
prenatal ultrasound, with emphasis on fetal morphology.
Our service offers the option of delivery by caesarian
section for MMC cases in the presence of intact amniotic
membranes (87.75%). We believe that there might be a
reduction in meningeal lesion before labor begins, as
demonstrated by Luthy et al. [13]. Once rupture of the
amniotic membranes has occurred, the route of delivery
does not interfere with the lesion that may potentially
damage the meninges [18]. Lesions above the sacral region
predominated (91.83%), and there was a high incidence of
associated hydrocephalus (78.57%), probably contributing
to the prognosis presented in the postnatal and postopera-
tive course. The same association with the Arnold–Chiari
malformation was found by Dias and McLone [5, 14].
Sutton et al. identified this association in virtually 100% of
fetuses using nuclear magnetic resonance imaging for
diagnosis [21]. As neurogenic bladder is a frequent finding
(82.5%), and affected children are unlikely to develop
urinary continence, long-term monitoring of kidney func-
tion is required to preserve the upper urinary tract in these
patients.

In addition to this chronic clinical picture, deficits in
neurologic and psychomotor development, reaching 60% in
our case history, definitively contribute to severely affect
quality of life. The rate of postoperative complications in
the first year of life was similar to that found by Caldarelli
et al. [4]. Intrauterine repair of MMC offers the possibility
of reducing the incidence of hydrocephalus due to Arnold–
Chiari II malformations, decreasing brain injury and the use
of VPS. Furthermore, it is likely to improve motor function
of the lower limbs [2]. In humans, fetal surgery has been
performed between 20 and 25 weeks of gestation because
repair during this interval minimizes the length of neuronal

Table 2 Frequency of locations most affected by myelomeningocele

Sites of myelomeningocele Number (N) Percentage (%)

Cervical 1 1.02
Thoracolumbar 35 35.71
Lumbar 3 3.06
Lumbosacral 51 52.04
Sacral 8 8.16
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damage to the exposed spinal cord [24]. The potential to
limit hydrocephalus progression has been detected postna-
tally by magnetic resonance imaging with reversal of
hindbrain herniation and absence of hydrocephalus. After
fetal repair of MMC, ascent of the hindbrain due to
improved CSF hydrodynamics may reduce hydrocephalus
and morbidity because of ventriculoperitoneal shunting.
Normalizing hindbrain position permits a reduction in
symptomatic sequelae of the Arnold–Chiari malformation
and decreases the need for subsequent surgeries, in addition
to preserving better function of the lower limbs [24]. The
resulting improvement in sensory and motor functions
would possibly give patients more independence and
potentially enhance their quality of life, in addition to
reducing medical costs.

We conclude that myelomeningocele is a congenital
defect with serious clinical, social and economic conse-
quences. In developed countries, 23% of pregnant women
carrying fetuses diagnosed with MMC choose to terminate
the pregnancy [23]. Brazilian legislation is against medical
interruption of a pregnancy complicated by fetal myelome-
ningocele. This reinforces the need to fully understand the
outcome and possible therapeutic innovations for these
cases. Furthermore, development of a protocol suitable for
peculiarities in our setting is required, taking into account
technical, cultural, and socioeconomic aspects. For the
indication of intrauterine myelomeningocele repair, we
suggest the exclusion of primigravidas, including fetuses
with isolated myelomeningocele and no chromosomal
abnormalities, gestational age between 20 and 25 weeks
only, and the pregnant woman’s capacity to understand
maternal–fetal risks. Fetuses with MMC must be referred to
a tertiary medical center for perinatal care, in an attempt to
minimize the consequences of the disease. Intrauterine
repair of MMC may potentially offer a better future for a
significant number of afflicted children. According to our
protocol criteria for intrauterine myelomeningocele surgical
intervention, the potential for repair was 11.57% (11
pregnant women). If intrauterine repair is shown to be
efficient, it will be fundamental to establish a national
policy to care for these patients, with a definition of
Specialty Centers that are technically capable of providing
support for the pregnant mother and fetus afflicted with
myelomeningocele.
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