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INTRODUCTION

ABSTRACT

Objective. In the last decade, various surgical approaches have been proposed
for the in-utero correction of fetal open spina bifida with variants of the classic
hysterotomy technique, aimed at reducing maternal invasiveness and in an at-
tempt to preserve the fetal benefits of the treatment. The aim of our systematic
literature review is to analyze the fetal and maternal outcomes of the different
surgical techniques available, describing their rationale, advantages and disad-
vantages.

Materials and Methods. The MEDLINE PubMed, Web of Science and EMBASE
databases were searched using some keywords, alone or in different combina-
tions.

Results. Given the absence of randomized studies and long-term outcome data,
it is not possible today to argue the superiority of one technique over the other.
Conclusions. Probably both main techniques (open and fetoscopic) are destined
to establish themselves with diversified indications based on the specificities of
each clinical case.

ed with higher odds of hindbrain herniation rever-
sal and significantly reduced need for post-partum

Prenatal surgery for fetal spina bifida was proven
to be advantageous compared to postnatal surgi-
cal treatment in light of the improved neurologi-
cal structural and functional motor outcomes in
neonates and infants, as shown in Management of
Myelomeningocele Study (MOMS) [1]. Doubled
chances of independent ambulation was associat-

ventriculoperitoneal shunting, in patients under-
going prenatal repair [1]. Studies on pathophysi-
ology of open spina bifida (OSB) showed the im-
portance of avoiding the secondary damage that
the spinal cord undergoes during the exposure to
physical trauma and irritant chemicals contained
within the amniotic fluid [2].
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The MOMS was terminated earlier than planned
based on efficacy of prenatal surgery on motor
function and on lowering ventriculo-peritoneal
shunting rates; however, improvements in bow-
el function, bladder function and neurocognitive
outcomes were not statistically significant. Neu-
rodevelopmental delay was not clearly associated
with open spina bifida (OSB), though its relation-
ship with the significant degree of ventriculomeg-
aly and postnatal intervention in the form of ven-
triculoperitoneal shunting (VPS) is still debated
[3]. Furthermore, in the prenatal surgery group
the rates of chorioamniotic membrane separation
(CAS), oligohydramnios, placental abruption and
spontaneous membrane rupture were significant-
ly higher compared to the postnatal repair group;
gestational age at delivery was significantly lower
in the prenatal repair group, as were neonatal com-
plications linked to prematurity such as respirato-
ry distress syndrome (RDS) [1].

The neonatal advantages of intrauterine repair
along with the maternal and neonatal complica-

)
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tions led to the development of several different
surgical approaches aiming to combine neurologi-
cal benefits of OSB repair with optimized obstetric
and neonatal outcomes, in particular with reduc-
tion of preterm birth (PTB) [4-6].

Objective of the study

The aim of our study was to review the available
literature concerning the surgical techniques for fe-
tal OSB repair, analyzing the results, benefits and
disadvantages concerning surgical outcomes, ma-
ternal-fetal and obstetric complications with par-
ticular interest to prematurity.

METHODS

This systematic literature review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Figure 1) [7].

c
2 Records identified through Additional records identified
S PubMed search through Embase® search
£ (n=501) (n=700)
3
3
o y Records excluded (systematic
£ Records screened after reviews, animal studies, opinion
s duplicates removal > articles, neonatal follow-up,
g (n=830) studies performed before 2011)
2 (n=790)
\ 4
2 ) Full-text articles excluded
= Full-text articles X X
2 L (abstract not in English, case
= assessed for eligibility > reports)
= (n=40) (n=20)
3 \
s Studies included in
E qualitative synthesis
= (n=20)

—

Figure 1. PRISMA flowchart illustrating the inclusion/exclusion criteria of studies in the review.

After screening for duplicates, 830 manuscripts were selected as relevant. We then reviewed records in light of the inclusion and exclusion criteria described above. Seven-
hundred and ninety results were excluded, as they were reviews, animal studies, non-fetal studies, studies on pre-natal diagnosis of spina bifida, articles on neonatal care and
post-natal management of urinary/fecal incontinence, opinion articles, neonatal follow-ups or studies performed before 2011. Of the 40 eligible articles, 20 were successively
excluded as they were case reports or non-English abstracts, twenty articles were thus included in the systematic review.
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Ethical standards

All procedures were in accordance with the ethical
standards of the institutional research committee
and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. For
this type of study formal consent is not required.

Search strategy

The MEDLINE PubMed, Web of Science and EM-
BASE databases were searched using the following
keywords, alone or in different combinations: “my-
elomeningocele”, “meningomyelocele”, “spina
bifida”, “open spina bifida”, “myeloschisis”, and
“fetus”, “pregnancy”’, “repair”, “fetal surgery”,
“prenatal repair”.

Eligibility criteria

Studies were included in the review if they were
1) original research; 2) written in English (or ab-
stract available in English); 3) published after 2011
(year of MOMS publication) and up to 7* of March
2021; 4) content available in full text. Studies were
excluded from the review if they were 1) com-
ments, duplicates, or not published in English; 2)
not available in full text; 3) animal models or post-
mortem; 4) case reports; 5) did not focus on in-utero
open spina bifida repair.

Data items and synthesis

Two authors S.G. and G.G. independently screened
the studies by title and abstract, any controversy was
resolved consulting a senior author (PIC.). Stud-
ies that clearly violated the eligibility criteria were
excluded. The following data were extracted from
each study: first author’s name, publication year,
study design, number of patients in each group,
type of surgery performed, surgery time, obstetric
complications, gestational age at birth and gesta-
tional age at surgery. Since the surgical approaches
to intrauterine OSB repair refers to two major tech-
niques (open and fetoscopic approach), included
studies were thus grouped and reviewed separately.

Quality assessment
Quality assessment of the included studies was

achieved using the National Institute for Health
and Care excellence (NICE) recommended NIH
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tool for the quality assessment of Case Studies
Series. The grades were attributed based on ques-
tions 1-9: “good” if questions 1, 6, and 7 (princi-
pal factors) were present; “fair” if two factors were
present; and “poor” or “insufficient quality” if one
factor was present (Table 1). A global assessment
(good, fair and poor) according to Agency for
Healthcare Research and Quality (AHQR) stan-
dards was assigned to each study (https:/ /www.
nhlbi.nih.gov/health-topics / study-quality-assess-
ment-tools, last accessed March 13%, 2021).

RESULTS

A total of 20 studies fulfilled the inclusion criteria
(Figure 1). Twelve of them dealt with open ap-
proach and eight manuscripts reported on intra-
uterine OSB repair using fetoscopy.

Open approach vs fetoscopy

The literature review studies for open techniques
and fetoscopy are summarized in Table 2 and Ta-
ble 3, respectively, whereas their outcomes, includ-
ing the complication percentages, are reported in
Table 4 and Table 5, respectively. A total of 1033
patients were examined in the 12 studies regard-
ing open techniques, while only 127 patients were
available from the 8 studies included for the fe-
toscopic approach. Out of the latter, 3 papers re-
ported outcomes of the same case series [8-10], and
three of the study groups used percutaneous ab-
dominal entry [9, 11, 12].

The weighted mean gestational age at surgery for
open technique was 24.6 weeks (range, 23.2-25.4
weeks) but was not reported by four studies [1, 13-
15]. For fetoscopy the weighted mean gestational
age at surgery was greater: 25.8 weeks (range, 23.7-
28.2 weeks). The weighted mean gestational age at
delivery for open technique studies (not reported
in two studies) [14, 16] was 34.2 weeks (range, 31.7-
35.1 weeks). This appeared to be at a later gesta-
tional age compared to fetoscopy studies (weighted
mean 33.4 weeks; range, 32.4-38.1 weeks).

Among the complications reported, one of the
most relevant was preterm birth (PTB); in the open
approach, Zaretsky et al. [17] reported 83% of pa-
tients delivering at or before 34 weeks, while the
rate of this complication among all considered
open approach studies ranged from 20% to 83%.
The percentages of PTB < 34 weeks in the fetosco-
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Table 1. Quality Assessment of the Included Studies.
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_q -~ = T < T
Adzick et al., 2011 [1] Yes Yes Yes Yes Yes Yes No Yes Yes Good
Moldenhauer et al., 2015 [34] Yes Yes NA NA Yes Yes No Yes Yes Good
Zamlynski et al., 2014 [16] Yes Yes CcD Yes Yes Yes (@b CcD Yes Fair
Friszer et al., 2016 [35] (article in French) No Yes No Yes Yes No NA NA Yes Poor
Bennett etal., 2014 [13] Yes Yes Yes Yes Yes Yes No Yes Yes Good
Zaretsky et al., 2018 [17] Yes Yes cD Yes Yes Yes No Yes Yes Fair
Moron et al. 2018 [36] Yes Yes Yes NA Yes Yes No Yes Yes Fair
Peralta etal., 2020 [19] Yes Yes Yes NA Yes Yes No Yes Yes Good
Sepulveda et al., 2020 [15, 22] Yes Yes cD NA NA Yes No Yes Yes Good
Pruthi et al. 2020 [15] Yes Yes Yes NA Yes Yes No Yes Yes Fair
Cruz Martinez et al., 2020 [23] Yes Yes cD NA Yes Yes No Yes Yes Fair
Moehrelen etal., 2021 [14] Yes Yes NA NA Yes Yes No Yes Yes fair
Kohl et al., 2014 [9]; Degenhardt et al., 2014 [8]; Graf et Yes Yes cD Yes Yes Yes No Yes Yes Good
al, 2016 [10]
Belfort et al., 2017[18] Yes Yes cD Yes Yes Yes Yes NA Yes Good
Ginéetal., 2018 [37] Yes Yes cD NA Yes Yes No NA Yes Fair
Belfort et al., 2020 [20] Yes Yes cD cD NA Yes Yes Yes Yes Good
Lapo Pedreira et al., 2018 [12] Yes Yes Yes  Yes  Yes Yes No Yes Yes Good
Carrabbaetal., 2019 [11] Yes Yes cD NA Yes Yes No Yes Yes good

CD: cannot determine; NA: not applicable; NR: not reported.

py groups ranged from 0% (in the 10 patients from
the “standardized technique” group described by
Belfort et al., in 2017) [18] to 51% [9].

As for preterm premature rupture of membranes
(pPROM)), the reported rate in the “open technique”
group ranged from 15.0% to 53.8% (Table 4), with
a weighted mean percentage of 28.7%; in fetoscopy
studies, the weighted mean percentage was high-
er at 59.1% (range, from 10.0% to 84.4%) (Table 5).
Furthermore, 3 out of the 9 fetoscopic case series re-
ported a pPROM incidence of above 80% [9, 11, 12].
When observing the other outcomes, it should be
noted that in open repair the rate of post-partum
neonatal dehiscence was lower (as low as 0% in the
study published by Peralta et al. in 2020 [19], with a
maximum of 13% in the earlier reports) compared to
fetoscopy (with studies reporting a peak at 31% in
patients treated with the single layer technique de-
scribed by Belfort et al. in 2020) [20]. Additionally, the
rate of postnatal VPS/endoscopic third ventriculos-
tomy ranged from 0% to 41% in open studies, while
it was above 50% in 3 of the fetoscopy patient groups
(range, from 20% to 75%) (Table 5) [11, 12, 18].
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Postnatal repair of the fetal dehiscence occurred
in less than 15% of neonates who had undergone
open repair in all studies under revision (range,
from 0% to 13%) while 5 out of the 9 fetoscopy case
series reported the need for this intervention in
more than 15% of cases (range, from 0% to 31%).

DISCUSSION
Summary of main results

The two main approaches (open and fetoscopic)
present several different surgical variants according
to the proposal of different groups. The technique
described in the first trial involving open repair of
OSB (“MOMS trial”) consisted of uterine exterioriza-
tion and examination through ultrasound (US); pla-
cental and fetal location then were determined, and
the fetus was manually mobilized so that the MMC/
myeloschisis could be approached via a hysterotomy
without damaging the placenta. A stapler was then
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used to create a 6-8 cm uterine incision and the MMC
was exposed. The neurosurgical approach consisted
of sharp dissection of the neural placode from the
surrounding tissue, closure of the dura with a run-
ning suture and skin closure using a fine running
monofilament suture. The uterus was then closed
with a first layer encompassing the absorbable sta-
ples and the uterine membranes (after amniotic fluid
replacement with ringer’s lactate and antibiotic) and
a second imbricating layer of suture. This technique
was then modified by other surgeons to minimize
invasiveness and improve fetal neonatal outcomes
(Table 2). Of note, some authors avoid the use of
surgical staplers and prefer to suture the membranes
to the inner layer of the myometrium before the be-
ginning of the MMC/myeloschisis closure [21]. This
intervention is likely to be the reason the incidence
of pPROM is lower (< 30%) in more recent reports
on open OSB repair, as compared to fetoscopic ap-
proaches in which generally suturing of membranes
is not described (Table 4 and Table 5) [15, 19, 22, 23].
Given the advantages of a lower maternal inva-
siveness and the possibility of a vaginal delivery
thereafter, fetoscopy has been extensively studied
and modified too. Uterine entry during fetoscopic
repair is through smaller uterine incisions (using
a range of 2 to 4 entry ports), thereby reducing the
risk of uterine dehiscence. However, entry ports are
numerous and membranes are not sutured after
trocar removal, leading to an increase in the rate of
pPROM (Table 5) [24]. Furthermore, in light of the
problems of operating fetoscopically in fluid, insuf-
flation of the amniotic cavity with carbon dioxide is
implemented to perform fetoscopy (PACI, “partial
amniotic carbon dioxide insufflation”). There have
been reports of complications such as fetal acidosis,
trocar dislodgement, CO, leakage in maternal ab-
domen and damage to amnio-chorial membranes
with this method [18, 25-29]. Minimal access percu-
taneous fetoscopic closure also requires favorable
fetal posturing and placental position, to the point
of needing to postpone the procedure until a more
auspicious fetal position is obtained in some in-
stances. Additionally, in obese patients and anterior
placentae having a good transcutaneous US guid-
ance can be challenging. The defect is seldom closed
with single layer or multilayer technique used by
pediatric neurosurgeons, but the use of patches is
introduced to work around the technical difficulties
of a fetoscopic multilayer closure, and relaxing skin
incisions are often performed if a satisfying dissec-
tion of the neural placode is not achieved [29]. This
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leads to the undesired high rates of neonatal reinter-
vention for OSB repair (Table 5). Among the various
fetoscopic techniques, it should be highlighted that
in fetoscopic repair via maternal laparotomy the in-
cidence of preterm birth is not as high as it is in per-
cutaneous fetoscopic repair.

Few of the available studies present enough statis-
tical power for being conclusive in defining rates
of maternal complications as well as pregnancy
and neurological outcomes. Overall, we recognize
that fetoscopic approaches are less invasive for the
mother, on average show greater gestational age
at intervention, an increased risk of prematurity
but a higher proportion of less effective treatment
for the fetus (higher rates of postnatal ventricu-
lar-peritoneal shunting) as compared to open sur-
gical approaches. However, given the heterogene-
ity of patients and disease characteristics, as well
as the lack of long-term outcome data in the study
groups, these apparent differences cannot result in
a definitive evidence of superiority of one proce-
dure against the other.

Interpretation

In light of the various surgical techniques described
in medical literature, we believe that a critical point
for developing research in the field of surgical treat-
ment of fetal OSB is standardizing patient counseling
according to different protocols and expected out-
comes in order to deliver objective, evidence-based
and non-directive counselling enabling an informed
choice for eligible patients in Italy. This is unfortu-
nately not the case yet, and we advocate future re-
search on this topic in order to allow all patients the
chance to be fully informed about treatment options
following the diagnosis of fetal OSB. An interesting
new concept stems from the knowledge that fetuses
operated on earlier in pregnancy are less prone to re-
ceiving post-natal ventriculoperitoneal shunts [19].

At present, it is evident that the fetoscopic approach
is promising as it reduces some of the complications
related to the “larger” uterine incision needed to
achieve a satisfying MMC correction in open sur-
gery and could allow for a successive vaginal de-
livery; in fact, in our literature review, none of the
studies on fetoscopic approach reported any uterine
ruptures, although as can be seen in Table 4, this
was an extremely rare occurrence in open repair too.
Furthermore, the mean weighted gestational age at
delivery was higher in patients undergoing the open
approach compared to those undergoing fetoscopy.




Surgical approaches to fetal OSB correction

Ital | Gynaecol Obstet 2022, 34, N.4

in current medical literature, the rates
of premature rupture of membranes,
dehiscence and leakage from the MMC
repair site are lower in open repair with

respect to fetoscopy [26, 30]. In fact, the
in 2020 was successively significantly

improved by the introduction of the
microneurosurgical technique reported
in the same paper. Moreover, the need
for postnatal revision of the repair site
pregnant patients choosing to undergo
surgery for the well-being of their un-

born child (Table 4 and Table 5) [11].
tion with the mini-hysterotomy initial-

ly described by Botelho ef al. [21] was
cedure was successfully implemented

after an extensive onsite training and
continued with tele mentoring during
with the current literature [32]. We are

currently following the infants up to as-
sis, referral to an adequate tertiary fetal

medicine center and extensive patient
counseling are fundamental elements
for a successful in-utero OSB correction.
Given the fact that long-term outcomes
tional age at intervention was recently

shown to be related to improved post-
natal outcome after fetal surgery [19] it

technique reported by Cruz-Martinez
is higher after fetoscopic OSB correction
and makes this option less appealing to
Personal views and perspectives

Since the year 2018, surgical correc-
implemented at our center in the San
Raffaele Hospital, Milan, Italy. The pro-
the pandemic [31] leading to the sur-
gical independence of our team with
objectively excellent results aligned
sess their functional motor, visceral and
neurocognitive statuses. It should be
emphasized that prenatal early diagno-
are lacking and that an earlier gesta-
is now mandatory to implement first
trimester screening for spina bifida
which was shown to be effective and
safe and easily implemented in screen-
ing protocols [33]. Earlier diagnoses
would provide adequate time for ap-

However, similarly to what is reported
53.8% of pPROM in the “classic” open
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propriate prenatal investigations and counselling to
patients with affected fetuses with objective, stan-
dardized and non-directive methodology. This will
lead to earlier interventions before 20-22 weeks most
likely with open approaches. On the other side, cases
with later diagnoses and interventions (after 24-26
weeks) or maternal morbidity may benefit more of
less invasive fetoscopic approaches.

Thus, in the future it is likely that different patients
may require individualized, diverse surgical ap-
proaches according to their maternal-fetal char-
acteristics, chronic morbidities, anatomy of the

Table 4. Reported risks of complications in “open technique” studies.

Serena Girardelli, Paolo Ivo Cavoretto, Massimo Origoni, et al.

spinal defect, gestational age at diagnosis and at
intervention. This speculation needs to be tested
for confirmation but is highly plausible and well
aligned with current concepts of personalized-pre-
cision medicine and surgery.

Strengths and limitations

This study has the strength of summarizing the
available literature enabling assessment of pros
and cons of each techniques favoring knowledge
on this important topic.

Author, year pPROM PTB CAS Chorioam- Abrup- Uterine Uterine rup- Fetal re- Perina- Neonatal
rate (<34 niositis tiopla- scardehi- ture pair dehi- talmor- VPN/ETS
wks) centae scence scence tality shunt po-
sitioning
Adzick etal., 2011 46 46 26 3 6 10 NR 13 3 40
Moldenhauer et al. 2015 32 46 23 4 2 8 NR 3.6 2.4
Zamlynski et al, 2014 52.2 59.1 173 43 43 10.8 2.2 43 27.8
Friszer etal., 2016 (article  33.3 333 NR NR NR 0 NR NR 0 0
in French)
Bennett etal., 2014 22 326 0 NR 23 7 0 7 23 41
Zaretsky et al.,, 2018 NR 83 4 NR NR 2.3 0 NR NR NR
Moron et al,, 2018 26.7 52.1 208 3 0.8 3.8 NR 25 2.1 NR
Peralta et al., 2020 28.3 284 NR 0 5.2 3.5 NR 0 53 13.9
Sepulveda et al., 2020 254 40 7 1.7 0 1.8 NR 7.2 9 25
Pruthi et al.,, 2020 15 27 NR NR NR NR NR NR 12 36
Cruz Martinezetal., 2020  53.8 61.5 308 7.7 7.7 0 NR NR 23.1 20
(classic)
Cruz Martinez etal., 2020 19 214 214 438 0 0 NR NR 4.8 7.2
(microneurosurgery)
Moehrlen et al., 2021 NR 20 15 1.4 0.7 NR 0.7 0.7 0.7 23

All results are given in percentages (%). PTB: preterm birth; pPROM: preterm premature rupture of membranes; VPS: ventriculo-peritoneal shunting; ETV: endoscopic third

ventriculostomy; CSF: cerebrospinal fluid; CAS: chorioamniotic membrane separation.

Table 5. Reported risks of complications in “fetoscopy” studies.

Author, year pPROM PTB CAS Chorioam- Abrup- Uterine Uterine Fetal dehi- Peri- Neonatal

rate (<34 niositis tiopla- scardehi- rupture scence natal VPS/ETV
wks) centae scence repair morta- shunt posi-
lity tioning

Kohl et al., 2014; Degenhardtetal,  84.3 51 4 4 0 0 NR 21 4 453

2014; Graf et al., 2016

Belfort et al., 2017 (standard) 33 0 20 10 0 NR 20 0 30

Belfort et al., 2017 (iterative) 10 50 45 0 NR 0 75

Ginéetal, 2018 60 NR NR 20 0 NR 0 20

Belfort et al., 2020 (single) 28 25 41 0 0 NR 31 0 47

Belfort et al., 2020 (three-layer) 29 24 39 0 0 0 NR 6 6 33

Lapo Pedreira et al., 2018 (single) 84,4 NR NR NR NR NR NR 16 6 43

Lapo Pedreira et al., 2018 (double) 69 NR NR NR NR NR NR 15 0 54

Carrabbaetal., 2019 80 40 NR 20 0 0 NR NR 20 60

All results are given in percentages (%). PTB: preterm birth; pPROM: preterm premature rupture of membranes; VPS: ventriculo-peritoneal shunting; ETV: endoscopic third

ventriculostomy; CSF: cerebrospinal fluid; CAS: chorioamniotic membrane separation.
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The limits of this study are that it compares out-
comes from different reports with diverse method-
ologies and probably different severity of the un-
derlying fetal malformation. Moreover, it should
be highlighted that our results are skewed by the
fact we had a larger group of patients for the “open
technique” group compared to the “fetoscopic”
one. These limitations may all affect proportion of
the described outcomes.

CONCLUSIONS

Based upon available literature and knowledge we
cannot establish which technique presents the best
maternal-fetal results for OSB in-utero correction. At
present, fetoscopic techniques show minimization
of maternal complications and open techniques
have the best fetal and neonatal outcomes. How-
ever, given the advantages that antenatal MMC re-
pair confers to neonatal outcomes, it is dutiful to
continue investigating the best approach for this
intervention. It will also be interesting to perform
analyses once the long term post-natal cognitive
and functional outcomes are examined. In light of
the current available literature and our personal
experience, we feel that in our setting developing
the mini-hysterotomy technique may be the most
promising and appropriate route. In fact, at present
greater neurological benefits achieved with open fe-
tal surgery (which are the primary goal of prenatal
treatment) are still overtaking maternal benefits of
fetoscopic techniques. Randomized controlled tri-
als involving standardized techniques are required
to provide scientific evidence to our impression.
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