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YELOMENINGOCELE occurs in approx-
imately 1 of every 2000 live births.

 

1

 

 The
prenatal incidence is higher, because many

parents elect to terminate the pregnancy, once the
diagnosis has been made.
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 Myelomeningocele often
results in permanent impairment, including loss of
sensorimotor function in the legs, hydrocephalus, in-
continence of bladder and bowel, skeletal deformity,
and type II Chiari malformation (cerebellar [vermis]
and medullary herniation and inferior displacement
below the level of the foramen magnum). Advances
in ultrasonography and ultrafast fetal magnetic reso-
nance imaging (MRI) have made it possible to diag-
nose myelomeningocele and other neural-tube defects
early, but much remains to be learned about the op-
timal treatment of these disorders.

In recent years, in utero closure of myelomeningo-
cele has been recommended to prevent damage to the
spinal cord as a result of exposure to amniotic fluid
through the open defect.
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 Approximately 220 in ut-
ero closures have been performed to date at four insti-
tutions. Although improvement in motor function has
not been confirmed in children treated in utero, there
has been a documented improvement in cerebellar
herniation.
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 In addition, a comparison with historical
controls suggests that children who have been treated
in utero are less likely to require ventricular shunting
for hydrocephalus, presumably because closure of the
myelomeningocele sac provides a more normal pattern
of spinal fluid circulation.
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 The amelioration of these

M

 

sequelae may improve the quality of life for affected
children.

However, these potential benefits must be weighed
against the known postoperative complications of in
utero repair, including induction of early labor, pre-
term delivery, infection, and death related to prematu-
rity, as well as maternal morbidity. As more of these
procedures are performed, other adverse sequelae may
also become apparent. We describe three girls who had
spinal cord tethering and large dermoid inclusion cysts
in infancy. All three had undergone in utero closure of
myelomeningocele at one institution.

 

CASE REPORTS

 

In Utero Closure

 

The preoperative evaluation and in utero treatment of the three
patients have been described previously.

 

6

 

 After written informed
consent had been obtained from each mother, fetal MRI was per-
formed with a single turbo spin–echo sequence on a 1.5-T unit,
at 19 to 23 weeks of gestation. Surgical repair of the neural-tube
defect was performed at 22 to 24 weeks of gestation. In each case,
after general anesthesia had been administered to the mother, a hys-
terotomy was performed, and the lumbar area of the fetal spine was
exposed. Primary dural closure was attempted with the use of stand-
ard techniques, and attempts were made to close the skin around
the open defect. In each case, it was not possible to close the dura
and skin, so a graft of acellular human dermis was used to cover
the defect (AlloDerm, LifeCell). Amniotic fluid was replaced with
warmed, sterile, lactated Ringer’s solution. Tocolysis was initiated
and maintained postoperatively to prevent preterm labor.

The mothers underwent MRI studies every three weeks post-
operatively, in order to monitor fetal neural-tube development. The
infants were delivered by elective cesarean section after lung matu-
rity had been confirmed by the ratio of lecithin to sphingomyelin
in the amniotic fluid at 30 to 36 weeks of gestation. Uncontrollable
premature labor, which has precipitated early delivery in a number
of other cases, did not occur in the three cases reported here. At
birth, the three infants appeared to have nearly normal motor func-
tion in the legs, and no bladder dysfunction was detected clinically.
Voiding cystometrograms were normal.

 

Subsequent Evaluation and Treatment

 

The three girls were followed postoperatively by local pediatric
neurosurgeons. Loss of neurologic function occurred at an average
age of 10 months (range, 9 to 11). Two of the girls had loss of mo-
tor function in both legs. In one of the two, decreased spontaneous
movement of both legs was noted by the family, and radiographs
of the lumbosacral spine showed progressive scoliosis. In the other
infant, who had only slight plantar flexor weakness at birth, the
motor function of the right leg was diminished and there was ten-
derness on palpation in the lumbosacral area. The third child pre-
sented with progressive bladder dysfunction. Whereas she had had
normal voiding with a good stream and a normal cystometrogram
after birth, a cystometrogram obtained at six months of age showed
poor bladder compliance, with passive leakage at high intravesic-
ular pressures. All three infants underwent MRI studies of the spine,
without the administration of contrast material. The MRI scan from
one of the infants is shown in Figure 1. Dermoid cysts and spinal
cord tethering were present in all three infants.

Because of the findings on clinical examination and neuroimaging
studies, surgical exploration was recommended for the three infants.
The previous skin closures were reopened and extended in a ceph-
alad direction. The dura was exposed and opened. Dura was adher-
ent to the dermoid cysts. The capsules of the cysts were opened and
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the contents evacuated to facilitate separation of the cyst walls from
the surrounding neural structures. Fine hairs and white caseous ma-
terial were present in all three cases. Care was taken to prevent the
escape of the cyst contents into the cerebrospinal fluid. Microsur-
gical release of all intradural adhesions was performed to achieve
circumferential untethering. Complete excisions of the cyst and cap-
sule were performed in two infants, with primary closure of the
dura. In the third infant, the entire cyst could not be resected be-
cause of dense adhesions on the dorsal end of the spinal cord; a dural
graft was required to obtain a water-tight closure. On histopath-
ological examination, all the lesions had the characteristic features
of a dermoid cyst, with simple, squamous epithelium. There were
hair follicles and cholesterol-containing debris in each cyst (Fig. 2).

 

Follow-up

 

Postoperatively, two of the children regained their previous neu-
rologic function. In the third child, whose cyst could not be com-
pletely resected, motor function improved but did not return to
the level observed immediately after birth. At the most recent fol-
low-up visit, 7 to 14 months after the second surgery, none of the
children had recurrent symptoms.

 

DISCUSSION

 

With improvements in the techniques of fetal sur-
gery, their use to treat several congenital anomalies
has been proposed on the basis of promising results
in animal models.

 

9,10

 

 Theoretical advantages of in utero
treatment over postnatal treatment include a greater
potential for healing and regeneration in the fetus and
the prevention of complications related to the primary
developmental anomaly.

 

11

 

 Currently, in utero surgery
is used to treat fetal lung and airway lesions, diaphrag-
matic hernia, and some tumors.
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 In utero treatment
is warranted in such cases because the developmental
malformations are life-threatening to the fetus and be-
cause prenatal surgical correction is technically feasible.
Although myelomeningocele is not directly life-threat-
ening, in utero surgery has been proposed as a means
of restoring or preserving neurologic function.

Although initial attempts at in utero repair of my-
elomeningocele, performed endoscopically, were un-
successful, the feasibility of in utero repair performed
through a hysterotomy at 28 to 30 weeks of gestation
was subsequently demonstrated.

 

5

 

 More recent efforts
have focused on earlier intervention, with surgical
closure of open defects at a gestational age of 24 weeks
or less.

 

13

 

 The rationale for performing closure as early
as is technically feasible is based on studies in ani-
mals, which suggest that the neurologic deficits asso-
ciated with myelomeningocele may result in part from
chronic injury of neural tissue by exposure to amni-
otic fluid.

 

14

 

 Studies also suggest that in utero closure
of myelomeningocele may improve hindbrain herni-
ation and reduce the risk of hydrocephalus.

 

3,6-8

 

The potential benefits of in utero closure are appar-
ent when one considers the results of postnatal closure,
which is performed mainly to minimize the risk of in-
fection rather than to improve neurologic function.
Symptomatic hydrocephalus develops in 83 to 92 per-
cent of children treated immediately after birth, and
up to 20 percent have life-threatening symptoms of
hindbrain herniation,

 

15-18

 

 which is the leading cause
of death in infants with myelomeningocele.

Progressive neurologic deterioration as a result of
spinal cord tethering or enlargement of an intradural
dermoid inclusion cyst from the initial closure has also
been reported in children operated on at birth for
myelomeningocele. Although prospective data on the
incidence of these complications are not available, ret-
rospective studies have shown that symptomatic spinal
cord tethering develops in 10 to 13 percent of children
with myelomeningocele.

 

16,19

 

 In one of these studies,
100 of 1000 children in whom myelomeningocele was
closed at birth (10 percent) had subsequent symp-
toms of a tethered spinal cord that required surgical
repair.

 

19

 

 The symptoms included loss of motor func-
tion in the legs, change of gait, low back pain, scoli-
osis, and deformity of the feet. In 15 of the children

 

Figure 1.

 

 T

 

2

 

-Weighted Sagittal MRI Scan Showing an Intradural
Mass (Arrowheads) in an Infant Who Had Undergone in Utero
Closure of Myelomeningocele.
Normal cerebrospinal fluid spaces are absent, and there is cyst-
ic compartmentalization of the lesion.
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(1.5 percent of the total), a dermoid cyst was identi-
fied at the time of surgery.

 

19

 

 Since the symptoms re-
lated to the development of a dermoid cyst are indis-
tinguishable from those related to a tethered spinal
cord, whatever the cause, many dermoid cysts are iden-
tified only at the time of surgery to release a tethered
spinal cord. The true incidence of dermoid cysts could
well be higher, since imaging and surgical exploration
are performed only in patients with symptoms and
signs that are a cause for concern.

In each of the children we describe, spinal cord
tethering was associated with a dermoid cyst. All three
children underwent in utero repair of myelomenin-
gocele at a single institution, where 49 closures have
been performed in utero to date. Thus, the incidence

of symptomatic dermoid cysts after in utero repair of
myelomeningocele at this one institution is 6.1 per-
cent (3 cases in 49 procedures), and the overall inci-
dence after in utero surgery is 1.4 percent (3 in 220).
We are not aware of other reports of such occurrences,
although we cannot exclude this possibility. It is also
possible that other children who underwent in utero
closure may present in the future with signs and symp-
toms of spinal cord tethering and dermoid cysts.

In all three cases we describe, symptoms developed
at less than 1 year of age, whereas after neonatal sur-
gery, the average reported age at presentation with
the tethered cord syndrome was 6 years in one study
and 11 years in another study.

 

19,20

 

 In the largest re-
ported series, only 1 of 100 children presenting with

 

Figure 2.

 

 Photomicrograph of a Hair Follicle Containing Hair (Arrowhead) in Dermoid Tissue from One of the Infants (¬100).
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symptoms and signs of a tethered cord was as young
as one year of age.

 

19

 

 
The presence of a dermoid cyst and severe tether-

ing in the three infants we describe may suggest that
dermis was inadvertently enclosed within the recon-
structed thecal sac. In addition, there may be a great-
er potential for the rapid growth of entrapped skin
when these lesions are closed in utero rather than after
birth. The use of acellular human dermis (AlloDerm)
to cover the neural-tube defect and protect the distal
spinal cord may also have contributed to the develop-
ment of these large dermoid cysts. It is not known
whether all the children who have undergone in utero
closure are at risk for the premature development of
dermoid cysts, or whether only those who required a
dural graft are at risk. It is possible that duraplasty sup-
ports or permits the ingrowth of dermal or epidermal
elements, which may confer a predisposition to the de-
velopment of dermoid cysts. However, the exact cause
of these inclusions is not known. The extent and com-
plex nature of the dermoid lesions in these infants
made complete resection difficult, increasing the risk
that the cyst and tethering would recur. In addition,
it remains possible that such infants have delayed func-
tional deterioration. Had the symptoms in our three
patients gone unnoticed, there would have been an
even greater risk of irreversible deterioration.

These three cases of dermoid cysts with associated
spinal cord tethering in children who were less than
one year old and who had undergone in utero surgery
for myelomeningocele may reflect a previously unrec-
ognized risk associated with this procedure. These cas-
es make it clear that children who have undergone in
utero closure of myelomeningocele should be care-
fully observed for any signs of deterioration in motor
or bladder function. In addition, refinements of fetal
surgical techniques that reduce the risk of intradural
inclusions merit evaluation. Long-term data on out-
comes among children who undergo in utero closure,
as compared with those who undergo surgery at birth,
are needed to determine the risk–benefit ratio of this
promising but still experimental technique.
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