Fetal Diagnosis

Research Article

and Therapy

Fetal Diagn Ther 2020;47:873-881
DOI: 10.1159/000509242

Received: October 13,2019
Accepted: June 6, 2020
Published online: September 16, 2020

Prenatal Repair of Spina Bifida:
A 2-Center Experience with Open
Intrauterine Neurosurgery in Chile

Waldo Sepulveda®® Edgardo Corral¢ Juan L. Alcalde® Felipe Otayza®
Jose M. Miiller®  Franco Ravera® Juan C.Devoto! Mirta Tapia9

@Fetal Surgery Program, Maternal-Fetal Medicine Unit, Department of Obstetrics and Gynecology, Clinica Las
Condes, Santiago, Chile; ®Fetal Imaging Unit, FETALMED Maternal-Fetal Diagnostic Center, Santiago, Chile;
“Department of Obstetrics and Gynecology, Regional Hospital, Rancagua, Chile; 9Department of Neurosurgery,
Clinica Las Condes, Santiago, Chile; ©Department of Neurosurgery, Regional Hospital, Rancagua, Chile; ‘Department
of Anesthesiology, Clinica Las Condes, Santiago, Chile; 9Department of Anesthesiology, Regional Hospital,

Rancagua, Chile

Keywords

Fetal surgery - Fetal therapy - Intrauterine surgery -
Myelomeningocele - Open neural tube defects -
Spina bifida

Abstract

Objective: To report the experience with prenatal repair of
open spina bifida (OSB) from 2 centers in Chile. Methods:
Women with a second-trimester fetus with OSB were offered
intrauterine neurosurgical repair following the protocol
from the Management of Myelomeningocele Study (MOMS)
trial. Pediatric follow-up with infants reaching 12 and 30
months of life was also reviewed. Results: Fifty-eight fetuses
with OSB underwent intrauterine repair at an average (£SD)
gestational age of 24.8 £ 0.9 weeks. There were 3 (5.1%) in-
trauterine deaths. The average gestational age at delivery of
the remaining 55 cases was 33.3 + 3.6 weeks, and the aver-
age birth weight was 2,172 + 751 g. Delivery before 30 weeks
occurred in 11 cases (20.0%). Two (3.6%) neonatal deaths
(<28 days) occurred. At 12 months, a ventriculoperitoneal
shunt or an endoscopic third ventriculostomy was required
in 25% of the cases. At 30 months, 72.4% of the infants were
able to walk. Discussion: Prenatal neurosurgical repair of

OSB is a complex and challenging intervention. Major com-
plications include perinatal death and severe prematurity.
No major maternal complications occurred in our series. A
reduction in the need for cerebrospinal fluid diversion and
an improved ability to walk seem to be the greatest long-
term advantages of this procedure. ©2020 5. Karger AG, Basel

Bulleted Statements

What’s already known about this topic?

o Thebenefits of intrauterine versus postnatal neurosur-
gery repair of open spina bifida (OSB) are well estab-
lished in clinical practice.

« Despite the large number of affected cases born every
year and the fact that elective termination of pregnan-
cy for OSB is not an option in Latin America, local ex-
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perience with open intrauterine surgery for OSB is still
limited.
What does this study add?

o The experience with open intrauterine surgery for
OSB at 2 fetal surgery centers in Chile is presented.

« Preliminary experience with a plastic retractor at the
hysterotomy site appears to be promising in terms of
reducing postoperative complications such as prema-
ture rupture of membranes, chorioamniotic mem-
brane separation, and scar dehiscence.

Introduction

Since the publication of the Management of Myelome-
ningocele Study (MOMS) trial in March 2011 [1], there
has been increasing interest in implementing programs
for intrauterine repair of open spina bifida (OSB) at sev-
eral centers across the world [2]. As the leading country
in the development and implementation of this proce-
dure, the USA has the most extensive clinical experience
to date, with at least 13 centers performed this operation
until June 2018 [2]. However, financial and social con-
straints make referral to American tertiary centers inac-
cessible for most patients. This is especially true for pa-
tients from developing countries and areas with limited
resources, such as Latin America, where, in addition to
the large number of cases that occur every year, elective
termination of pregnancy in cases of OSB is illegal [3].
This has encouraged several centers in Latin America to
offer intrauterine surgery for OSB in an effort to mitigate
the devastating consequences of this condition for the in-
dividuals that are affected.

Very little experience with open surgery for OSB in
Latin America has been published. Two centers in Brazil
have recently reported their experience with 237 and 45
cases, respectively [4, 5]. In Chile, our group has reported
the perinatal outcomes in 16 additional cases [6]. In Ar-
gentina, the experience with 25 cases has also been pub-
lished in the Spanish literature [7]. The aim of the present
study is to present our experience with cases of OSB un-
dergoing open intrauterine surgery at 2 centers in Chile,
1 from the private sector (Clinica Las Condes, CLC) and
the other from the public sector (Rancagua Regional Hos-
pital, RRH). These fetal surgery programs started shortly
after the results from the MOMS trial were published and
followed the same intraoperative and postoperative pro-
tocols. This ensures that our experience is comparable to
the MOMS trial, gathering information from a heteroge-
neous sample of Chilean patients.
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Patients and Methods

This was a retrospective cohort study of women un-
dergoing open intrauterine surgery for the prenatal repair
of OSB at 2 tertiary referral centers in Chile. CLCis a large
private hospital that started a fetal surgery program for
OSB in September 2011. The first surgery was performed
by a combined team led by specialists from Medellin, Co-
lombia, who at that time had had performed 17 such in-
terventions (J. Sanin-Blair, personal communication).
The following operations were performed by the local
medical team, which included 2 maternal-fetal medicine
specialists (W.S. and J.L.A.), 1 neurosurgeon (F.O.), and
1 obstetric anesthesiologist (J.C.D.). In order to meet the
demand from the public sector, a center for patients be-
longing to the Chilean National Health Service was set up
at the RRH, a referral center located 85 km south of San-
tiago. This satellite program was developed in a similar
fashion to the program at CLC and was coordinated by
two of the authors (W.S. and E.C.). The first patient at this
center was operated on in May 2012. After a combined
CLC/RRH team worked together on the first 7 cases, the
local team at RRH then started performing the operations
on their own, following the same protocol. Both pro-
grams obtained institutional review board approval, and
all patients undergoing surgery signed a written informed
consent before the intervention.

Since the launch of these 2 fetal surgery programs, all
pregnant women diagnosed as having a fetus with OSB in
the second trimester of pregnancy have been considered
potential candidates for open intrauterine surgery. Once
the diagnosis was confirmed by ultrasound, any addition-
al associated malformations not related to the OSB were
then excluded by detailed prenatal ultrasound [8]. Fol-
lowing this, the parents received extensive and thorough
counseling from the corresponding maternal-fetal medi-
cine, neurosurgery, and anesthesiology specialists at each
of the centers. All patients who met the entry criteria es-
tablished by the MOMS trial [1] and agreed to open in-
trauterine repair underwent fetal magnetic resonance im-
aging. This was done in order to pinpoint the level and
extent of the lesion, as well as to determine the intracra-
nial features of the Chiari malformation [8]. Prenatal
karyotyping was offered to all patients but was not con-
sidered compulsory in some cases due to late referrals.
This decision was based on our previous experience of
detecting all fetuses with OSB with an underlying chro-
mosomal aneuploidy [9]. In some cases, a normal karyo-
type was subsequently confirmed by amniotic fluid col-
lected at the time of the operation. A thorough clinical
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Fig. 1. a Exposure of the chorioamniotic membranes after hysterotomy. b Exposure of the spinal defect after am-
niorrhexis. ¢ Neurosurgical repair of the spinal defect. d Final result after multilayer closure of the defect.

examination of the infants by a neonatologist and a clini-
cal geneticist ruled out the presence of any associated
non-chromosomal genetic conditions in all cases. Micro-
array analysis techniques were not available at the time of
this study.

Intrauterine repair of OSB was performed under gen-
eral anesthesia after an epidural catheter was placed for
subsequent postoperative analgesia. Details of the anes-
thesiology protocol have been published elsewhere [10].
Just before the intervention, an ultrasound examination
was performed in order to determine the exact position
of the fetus and the placenta, with an emphasis on deter-
mining the best site of entry to access the fetal spinal le-
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sion. If the fetus was in breech or transverse position, an
external cephalic version was performed either before the
laparotomy or before the hysterotomy once full uterine
relaxation was achieved. Once the fetus was in vertex pre-
sentation, a Pfannenstiel incision was made and the uter-
us exteriorized. A longitudinal hysterotomy of about 3-4
cm was made with a surgical scalpel in the upper portion
of the uterus opposite to the placental insertion site. He-
mostasis was achieved using gauze compression com-
bined with Allis or Babcock grasping forceps as needed.
Once the chorioamniotic membranes were exposed
(Fig. 1a), amniorrhexis was performed using a scalpel and
scissors. In order to prevent further chorioamniotic
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Table 1. Maternal-fetal characteristics and outcome

Variable Study population MOMS trial
(n=58)
prenatal surgery postnatal surgery
(n=178) (n=280)

Maternal age, years 29.9£5.0 29.3%£5.3 28.8+4.9
BMI, kg/m2 27.1+£3.9 26.2+3.7 259439
Parity (%)

Nullipara 22/58 (38) 33/78 (42) 36/80 (45)

Multipara 36/58 (62) 45/78 (58) 44/80 (55)
Previous uterine surgery (%) 19/58 (33) 11/78 (14) 8/80 (10)
Upper level of the defect (%)

Thoracic 5/58 (9) 4/78 (5) 3/80 (4)

Lumbar 53/58 (91) 74/78 (95) 77180 (96)
GA at surgery, weeks® 24.8+0.9 23.6+1.4 23.9+1.3
CAS (%) 4/55 (7) 20/78 (26) 0/80 (0)
PROM (%) 14/55 (25) 36/78 (46) 6/80 (8)
GA at delivery (%)

<30 weeks 11/55 (20) 10/78 (13) 0/80 (0)

30-34 weeks 22/55 (40) 26/78 (33) 4/80 (5)

>34 weeks 22/55 (40) 42/78 (54) 76/80 (95)
Perinatal mortality (%) 5/58 (9) 2/78 (3) 2/80 (3)
Birth weight, g 2,172+751 2,383+688 3,039+469
Dehiscence at repair site (%) 4/53 (8) 10/77 (13) 5/80 (6)
VPS or ETV at 12 months (%) 10/40 (25) 31/77 (40) 66 (82)
Ambulation at 30 months (%) 21/29 (72) 44/62 (71) 38/67 (57)

Resultsareexpressedasmean+SD ornumber of cases (percentage). MOMS, Management of Myelomeningocele
Study; C/S, cesarean section; GA, gestational age; CAS, chorioamniotic separation; PROM, premature rupture of
membranes; VPS, ventriculoperitoneal shunt; ETV, endoscopic third ventriculostomy. * The MOMS trial
reported GA at randomization. Women assigned to have prenatal surgery were scheduled for surgery within 1-3

days after they were randomized.

membrane separation, the membranes were then sutured
to the myometrium with a synthetic absorbable material
(polyglactin 910, Vicryl®; Ethicon, Johnson & Johnson,
Somerville, NJ, USA). A polyurethane circumferential
plastic retractor was used at the hysterotomy site toward
the end of the study. This technique has been described
in detail elsewhere [6] and has subsequently been incor-
porated into our standard surgical protocol.

Once the back of the fetus was visualized, gentle ma-
nipulation was performed in order to position the fetal
spine in line with the uterine incision and expose the full
extension of the spinal defect (Fig. 1b). The fetus was then
fixed in that position using external uterine compression,
a maneuver that was facilitated by the relative oligohy-
dramnios produced by the aspiration and leakage of amni-
otic fluid from the amniotic cavity. The neurosurgery team
then started to repair the spinal defect under a microscope
or using magnifying glasses (Fig. 1c). The procedure for
neurosurgical repair was similar to the one used in the neo-
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natal period and involved dissecting the placode and sur-
rounding tissue. A multilayer closure of the defect was then
performed, including tubularization of the spinal cord, du-
raplasty, closure of the muscular-aponeurotic layer, and,
finally, closure of the skin (Fig. 1d). In the few cases where
it was not possible to close the skin, a bovine collagen ma-
trix patch (Duragen®; Integra LifeSciences Corp., Plains-
boro, NJ, USA) was used to cover the subcutaneous tissue
and fixed to the skin with absorbable stitches. Throughout
the operation, the fetus was monitored intermittently with
conventional and color Doppler ultrasound, as recom-
mended [11, 12]. Following neurosurgery repair, local an-
esthesia was administered to the fetus (levobupivacaine
5 mg/mL), and the hysterotomy was closed in two layers
with running Vicryl® sutures. In the very early part of the
study, the amniotic fluid was partially aspirated at the time
of amniorrhexis into 60-mL syringes and stored for reinfu-
sion once the operation had been completed. Subsequent-
ly, the amniotic fluid volume was replaced with warmed
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saline with antibiotics (cephazoline 2 g) through a Nelaton
catheter at the end of the uterine closure. The uterus was
repositioned in the abdominal cavity, and the maternal ab-
dominal wall was closed in a conventional manner. Trans-
abdominal ultrasound was used to check the fetal heart
rate, umbilical artery Doppler, and the amount of amni-
otic fluid at the end of the operation.

The postoperative course was managed in an interme-
diate care obstetric unit, where the patient was monitored
for maternal complications. Analgesics were adminis-
tered intravenously and through the epidural catheter
connected to a continuous epidural pump. In addition to
this, prophylactic antibiotics (cephazoline, intravenous-
ly) and tocolytics (atosiban, intravenously for 48 h [13],
followed by oral nifedipine until discharge) were also ad-
ministered. Discharge from the hospital was considered
on day 6 or 7, providing there were no uterine contrac-
tions (as determined by manual palpation and cardioto-
cography), no signs of chorioamnionitis, and no vaginal
discharge. Oral and/or vaginal micronized progesterone
was used for maintenance tocolysis until delivery. Clini-
cal and ultrasound follow-up examinations were per-
formed at the referring center as needed. A cesarean de-
livery was scheduled when labor started or the pregnancy
reached at least 37 weeks.

Information on the patients’ demographics, surgical de-
tails, subsequent antenatal course, perinatal outcome, and
pediatric follow-up was obtained from the medical records,
surgical protocols, interviews with the parents, and evalua-
tions by a multidisciplinary team. This information was
gathered until 30 months of age. The main pediatric vari-
ables that were studied included the need of postnatal in-
tervention to cover the defect before neonatal discharge,
need for ventriculoperitoneal shunt (VPS) or endoscopic
third ventriculostomy (ETV) at 12 months, and ability to
walk, with or without an orthosis, at 30 months.

Results

During the study period, from September 2011 to
June 2019, 58 patients underwent intrauterine repair of
OSB at our centers, of which 27 (46.5%) were performed
at CLC and 31 (53.4%) at RRH. The operation was com-
pleted in 57 (98.2%) of the cases. In the remaining case,
prolapse of a large segment of the umbilical cord oc-
curred at the time of uterine entry and could not be re-
duced. This led to prolonged bradycardia and intraop-
erative fetal death before any attempt could be made to
repair the spinal defect.

Prenatal Repair of Spina Bifida

Table 1 displays the main clinical and surgical details
from our cases. The average maternal age at the time of
the operation was 29.9 + 5.0 years (median 30; range, 18-
40); 10 women (17.2%) were under the age of 25. Regard-
ing parity, 22 (37.9%) women were primigravidas and 36
(62.1%) were multiparas of 1-3 previous deliveries, of
which 19 (52.7%) had had at least 1 previous cesarean sec-
tion. The average BMI was 27.1 + 3.9 kg/m? (median 26;
range, 20-37), with 3 (5.1%) women having a BMI 235
kg/m? The average gestational age at operation was 24.8
+ 0.9 weeks (median 25; range, 21-26). The placenta was
predominantly anterior in 16 cases (27.5%), posterior in
39 cases (67.2%), and lateral in 3 cases (5.1%). The upper
level of the spinal defect was lumbar in 53 cases (91.3%)
and thoracic in the 5 remaining cases (8.6%), with the up-
per level located below L2 in 42 of the cases (72.4%). The
spinal defect was classified as myelomeningocele in 43
cases (74.1%) and as myeloschisis in 15 cases (25.8%). Of
the 57 cases that completed the operation, a collagen
patch was used to reinforce the superficial layers of the
defect in 9 cases (15.7%). A skin release incision was also
made in 1 case (1.7%), in which there was a wide thora-
columbar myeloschisis. There was no maternal mortality
or serious maternal complications during the intrauter-
ine surgery or at delivery. None of the patients required a
blood transfusion during or after the operation or at de-
livery. However, 2 patients (3.4%) presented with mild
symptoms of pulmonary congestion shortly after the in-
tervention, which were successfully treated with oxygen,
a short course of diuretics, and fluid restriction.

In terms of perinatal outcomes, there were 3 intrauter-
ine deaths in our series (5.1%). This included a case of in-
traoperative death as well as 2 other deaths that occurred
within 24 h of surgery. In the 2 latter cases, several epi-
sodes of bradycardia were noted during the intervention.
However, there was no evidence of umbilical cord com-
pression or abruption placenta at the time of delivery. The
parents did not grant permission for a postmortem ex-
amination in any of these 3 cases. Among the 55 remain-
ing continuing pregnancies, chorioamniotic membrane
separation was documented in 4 cases (7.2%) and pro-
longed rupture of the membranes in 14 cases (25.4%). De-
livery occurred at an average gestational age of 33.3 + 3.6
weeks (median 34; range, 24-38), of which 11 (20%) were
delivered before 30 weeks, 22 (40%) at 30-34 weeks, and
22 (40%) after 34 weeks. The average birth weight was
2,172 + 751 g (median 2,212; range, 850-3,980). All but
one of the women delivered by cesarean section. In the
remaining case, the patient presented with precipitous la-
bor and delivered an 890-g infant vaginally 6 days after the
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fetal surgery. Manual revision of the uterus after delivery
ruled out a scar dehiscence or uterine rupture. An asymp-
tomatic dehiscence at the surgical scar site was detected at
the time of the delivery in only 1 case (1.8%).

Two neonatal deaths occurred during the first 28 days
of life in our series, both attributed to complications of pre-
maturity. Both women delivered within a week of the op-
eration, one with a proven chorioamnionitis leading to
neonatal death shortly after birth and the other due to pre-
cipitous labor leading to neonatal death on day 21. Overall,
the perinatal mortality rate was 8.6% (5 of 58). Among the
53 perinatal survivors, there was an additional death after
the neonatal period. In this case, a wide thoracolumbar
myeloschisis could not be closed prenatally, despite skin
release incisions, laminoplasty, and amniotic membrane
coverage [14]. The fetus developed severe hydrocephaly
following the operation, was born at 33 weeks, and died 30
days after birth due to complications developed from the
severe hydrocephaly and Chiari malformation. An opera-
tion during the early neonatal period was needed due to
dehiscence at the repair site in 4 of the 55 neonates (7.2%).
Among the 40 infants that have reached 12 months of life,
a VPS or an ETV was used to manage hydrocephaly in 10
cases (25.0%). Among the 29 infants that have reached 30
months of life, 21 (72.4%) are walking with or without an
orthosis. At the time of writing, 5 women had subsequent-
ly delivered by cesarean section uneventfully.

Discussion

Intrauterine repair of OSB is a complex maternal-fetal
intervention associated with severe perinatal complica-
tions. Although maternal safety is a major concern of any
open fetal surgery, clinical experience has shown that this
procedure is associated with a low rate of serious mater-
nal complications [15, 16]. In our series, no maternal
deaths or serious intraoperative or postoperative mater-
nal complications were noted. Indeed, none of the pa-
tients required blood transfusion, during or after the in-
tervention, and no cases of uterine rupture were reported.
The rate of uterine dehiscence at the surgical site was also
very low (1.8%). Nevertheless, 2 women presented with
mild signs of pulmonary edema following the operation.
Symptoms lasted only a few hours after the patients re-
ceived prompt diagnosis and timely treatment.

In contrast, perinatal complications were both fre-
quent and severe. These included perinatal death as well
as severe prematurity with its associated consequences.
Indeed, a perinatal death occurred in 8.6% of the cases
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and severe prematurity before 30 weeks in 20% of the cas-
es. A particularly concerning issue was the high perinatal
mortality rate in our series, which was 3 times higher than
the one reported by the MOMS trial [1]. Although the dif-
ferences between our study and the MOMS trial were not
statistically significant in terms of perinatal mortality (5
of 58 [8.6%] vs. 2 of 78 [2.5%], respectively; p = 0.1361,
Fisher’s exact test), the majority of our perinatal deaths
occurred in patients who were operated on during the
first half of the program. In the second half of the pro-
gram, there was a noticeable, although not statistically
significant, reduction in the number of perinatal deaths
in comparison to the first half (1 of 29 [3.4%] vs. 4 of 29
[13.7%], respectively; p = 0.3525, Fisher’s exact test). It
therefore seems clear that the experience gained from the
learning curve may have played a role in this improve-
ment. According to the MOMS trial (www.nejm.org/doi/
suppl/10.1056/NEJMo0al1014379/suppl_file/nej-
moal014379_protocol.pdf) [1], at least 234 patients were
operated on at the 3 recruitment centers before the trial
started. Their reported perinatal mortality rate before the
trial was 7.6% (4 of 52) at the Children’s Hospital of Phil-
adelphia, 2.9% (5 of 170) at Vanderbilt University, and
25% (3 of 12) at the University of California, San Fran-
cisco, for an overall perinatal mortality rate of 5.1% (12 of
234). At the University of California, the perinatal mor-
tality rate was significantly higher than the prevalence re-
ported subsequently in the MOMS trial (3 of 12 [25%)] vs.
20f78[2.5%], respectively; p = 0.0159, Fisher’s exact test).
Nevertheless, in a series of 100 subsequent cases of open
repair of OSB at the Children’s Hospital of Philadelphia
[17], the perinatal mortality rate increased to 6.1%, in-
cluding 2 fetal deaths and 4 neonatal deaths. This evi-
dence shows that factors other than the learning curve
may influence the rate of perinatal deaths associated with
intrauterine surgery, even at more experienced centers.
In our series, there was no clear explanation for 2 of the
3 intrauterine deaths. However, intraoperative factors
such as fetal bleeding, hypoxemia, hypothermia, neuro-
genic shock and pain, and metabolic disorders during or
shortly after the surgery may have played a role in the poor
outcome in these cases. Although placental abruption has
been recognized as a direct cause of fetal death during or
after intrauterine surgery of OSB [4, 18], this was not the
case in our population as careful examination of the pla-
centa after delivery ruled out this possibility. In the re-
maining case, a completely avoidable cause of fetal death,
that is, umbilical cord prolapse, was the cause of the intra-
uterine demise. This umbilical cord accident prompted us
to induce full uterine relaxation and careful mapping of
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the placental and umbilical cord position with color Dopp-
ler ultrasound before performing the hysterotomy in all
following cases. In terms of neonatal deaths, prematurity
was the leading cause in our series, which is similar to the
experience at other centers [17]. In both cases, delivery
occurred within a week of the operation; one newborn in-
fant died shortly after delivery and the other in the late
neonatal period. Premature labor in these cases was prob-
ably the result of intra-amniotic infection and chorioam-
nionitis, which was confirmed by amniotic fluid culture
obtained by amniocentesis in one of the cases.

Severe prematurity as a complication of open intra-
uterine surgery was also a significant issue. Indeed, our
prematurity rate below 30 weeks also seems high in rela-
tion to the results from the MOMS trial [1]. However, this
difference was also not statistically significant (11 of 55
[20.0%] vs. 10 of 77 [12.9%], respectively; p = 0.3369, Fish-
er’s exact test). In our series, the 2 neonatal deaths oc-
curred in this subgroup of neonates, with the remaining
neonates requiring prolonged admission to the neonatal
intensive care unit. It is therefore clear from our series that
the fetal mortality rate was highly dependent on intraop-
erative events. On the other hand, the neonatal mortality
rate is probably dependent on the postoperative response
of the host to the surgical injury to the myometrium and
membranes, which can lead to chorioamnionitis, rupture
of the membranes, and preterm labor. An important im-
provement to the surgical technique noted toward the end
of the study was the incorporation of a plastic retractor at
the hysterotomy site, which helped minimize mechanical
trauma to the myometrium and membranes [6]. Prelimi-
nary experience with this technique was encouraging as
the rate of obstetrical complications such as chorioamni-
otic membrane separation, premature rupture of the
membranes, and preterm delivery was reduced, with a
subsequent improvement in the perinatal outcome [6].

In our series, all cases, including those from the learn-
ing curve, have been included. This may explain some of
the poor outcomes that occurred in our population. In the
MOMS trial, the selection criteria were very strict and the
surgical teams had performed at least 15 operations be-
fore the trial started (https://www.nejm.org/doi/
suppl/10.1056/NEJMoal014379/suppl_file/
nejmoal014379_appendix.pdf) [1]. We therefore expect
that with increasing surgical experience, our results may
soon be comparable to, or ideally better than, the ones
reported by the MOMS trial, currently considered the
gold standard for this type of surgery. In any case, our
long-term results are encouraging. A significant advan-
tage was the fact that only 25% of the infants required a

Prenatal Repair of Spina Bifida

VPS or an ETV at 12 months. This is lower than the 40
and 82% of ventriculoperitoneal shunting reported for
the prenatal and postnatal surgery groups in the MOMS
trial, respectively [1]. This is one of the main benefits of
prenatal surgery [19-21] and is something that has clear-
ly been achieved by our program. Furthermore, pediatric
follow-up until 30 months also revealed that 72.4% of in-
fants were able to walk, with or without an orthosis. A
similar outcome was reported in the MOMS trial at 30
months, with 70.9 and 56.7% of children being able to
walk with and without an orthosis, respectively [1].

In recent years, fetoscopic repair of OSB has become
another alternative to open intrauterine surgery [22-25].
This so-called “minimally invasive” approach for intra-
uterine repair of OSB has been the subject of serious crit-
icism [26]. Furthermore, it also requires special instru-
ments, which are not needed for the open intrauterine ap-
proach. This is because the material required for open
intrauterine surgery is already available at tertiary centers
that are equipped for performing a classical cesarean sec-
tion and neonatal neurosurgery. In addition to this, train-
ing to perform neurosurgical interventions using a feto-
scope is challenging. Such interventions are obviously
more complex than those performed by maternal-fetal
specialists for twin-twin transfusion syndrome or fetal
tracheal occlusion and, therefore, require additional ex-
pertise from the neurosurgeons [27]. The laboratory fa-
cilities required for experimental surgery and simulator
training are also difficult to acquire and expensive to im-
plement, especially in developing countries such as those
in Latin America. To date, 2 fetoscopic approaches have
been described in the literature. One of these is percutane-
ous [22-25], while the other involves exteriorization of the
uterus through a laparotomy [28, 29]. As neither of these
techniques has been tested in a randomized trial, there is
still only limited information available on the short- and
long-term outcomes, a requirement for this technique to
be definitively included in clinical practice. From the in-
formation that is currently available, it is clear that the
complication rate is higher with the percutaneous ap-
proach than with open intrauterine surgery [30-32]. This
includes higher rates of rupture of membranes (91 vs.
36%, respectively; p < 0.01) and premature delivery (96 vs.
81%, respectively; p < 0.04) [32]. On the other hand, the
fetoscopic approach after exteriorization of the uterus
seems to be a promising alternative to open fetal surgery.
A randomized clinical study is therefore desperately need-
ed in order to determine whether this fetoscopic tech-
nique may provide a safer alternative to open fetal surgery,
with improved short-term perinatal results and long-term
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neurological outcomes. Evidence of such results may then
encourage centers to implement this technique in the near
future. The argument that the fetoscopic approach is less
invasive to the myometrium than open surgery, therefore
allowing for vaginal delivery in the current pregnancy
[29], would seem to us to be a weak variable on which to
base any decision. For example, it is clearly not an advan-
tage for prospective patients who have had a previous ce-
sarean delivery. In the meantime, we believe that, given
the compelling scientific evidence that is currently avail-
able, open intrauterine surgery remains the best alterna-
tive for any mother carrying a fetus with an OSB.
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