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ABSTRACT
Background: There are 1,500 infants born annually in the United States with spina bifida
(SB) and myelomeningocele (MM). The incidence of SB in the developing world is much
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higher because of folic acid deficiency during pregnancy. Recent advances in medicine
and technology have made prenatal repair of MM possible.

Objective: The objective of this guideline was to determine if there is a difference in the
rate of development of tethered cord syndrome (TCS) in infants who had prenatal closure
compared to infants who had MM repair after birth.

Methods: The Guidelines Task Force developed search terms and strategies to search
PubMed and Embase for relevant literature published between 1966 and September 2016.
Strict inclusion/exclusion criteria were used to screen abstracts and to develop a list of
relevant articles for full-text review. Full text articles were then reviewed and, when
appropriate, included as evidence.

Results: A total of 261 abstracts were identified and reviewed. Fifty-four full text articles
were selected for further analysis. Three studies met inclusion criteria.

Conclusions: There was Class Il evidence from 1 study and Class Il evidence from
another 2 studies demonstrating that TCS develops in infants with prenatal MM closure
at an equal or higher rate than with postnatal closure. There was an increased risk of
development of inclusion cysts in infants who underwent in utero closure. Continued
surveillance for TCS and/or the development of inclusion cysts in children with prenatal
and postnatal closure of MM is indicated (Level II). Differences between prenatal and
postnatal repair with respect to the development of TCS and/or inclusion cysts should be
considered alongside other relevant maternal and fetal outcomes when deciding upon a

preferred method for MM closure.

RECOMMENDATIONS

PICO Question: Is there a difference in the rate of development of tethered cord
syndrome in infants who had prenatal myelomeningocele closure compared to infants
who had myelomeningocele closure after birth?

Target Population: Infants and children with myelomeningocele.
Recommendation(s): Continued surveillance for tethered cord syndrome and/or the
development of inclusion cysts in children with prenatal and postnatal closure of

myelomeningocele is indicated (Level Il) as there is evidence that prenatal closure



increases the risk of recurrent tethered cord over the baseline rate seen with postnatal

closure.

INTRODUCTION
Rationale

Each year, approximately 1,500 infants in the United States are born with spina
bifida (SB).! Data from the National Birth Defects Prevention Network also shows a
higher reported incidence in Hispanic women (3.80 per 10,000 live births) than in non-
Hispanic black or African-American women (2.73 per 10,000 live births) or women
identified as non-Hispanic white (3.09 per 10,000 live births).! The incidence of SB in
developing countries is under-reported, due to the limitations of surveillance data
collection by the International Clearinghouse for Birth Defects Surveillance and
Research, a voluntary non-profit organization affiliated with the World Health
Organization.? Lower-income countries have a higher prevalence of infants and children
with myelomeningocele (MM) and other disabilities than higher-income countries.? In
2016, Atta et al published an article clearly showing that mandatory legislation enforcing
folic acid fortification reduces the incidence of SB, demonstrating that SB is significantly
more common in regions without government-mandated folic acid fortification of the

food supply.>®

Before this guideline, there were no evidence-based guidelines addressing the
timing and other variables of MM closure in patients with SB. There are differences in
practice regarding the team approach to closure, timing and type of closure techniques,
administration of antibiotics, and benefits of amputation vs preservation of the neural
placode. Additionally, as technology has advanced, many experts now advocate for in
utero (or prenatal) closure of the MM defect. However, the long-term effects of in utero
closure have not been well studied. This systematic review was conducted to evaluate all
available evidence to aid clinicians and guide clinical practice by determining the best
options for management of pediatric MM.

In 1999, in a landmark study published in the Journal of the American Medical

Association, Bruner et al reported their success with in utero MM closure in 29 infants.*



They found that there was a decreased need for ventriculoperitoneal shunt placement for
hydrocephalus (HC) among infants who underwent prenatal closure of their MM as
compared to a historical control (59% vs 91%; p = 0.01). The median age at shunt
placement was also older among infants who had prenatal repair (50 vs 5 days; p =
0.006). The authors theorized that the decreased rate of HC may be related to the reduced
incidence of hindbrain herniation among study infants (38% vs 95%; p<.001). The
National Institutes of Health-sponsored Management of Myelomeningocele Study
(MOMS) trial results published in 2011 have shown many benefits of prenatal closure.
An increased rate of tethered cord syndrome (TCS) was observed in infants who had their

MM closed prenatally; however, this increase was not statistically significant.

Many clinicians and researchers advocate for the possibility and advantages of in
utero or prenatal repair. It was the intention of the Task Force to investigate and evaluate
the literature regarding prenatal repair, specifically in reference to the rate of shunt
placement, ambulatory status or motor function and rate of TCS development. The Task
Force also aimed to systematically review the literature and make evidence based
recommendations about the timing of postnatal closure, as well as to investigate the
evidence concerning persistent ventriculomegaly and cognitive impairment. These 5
topics were chosen by consensus to be addressed, because of their importance and
relevance.

In this guideline, authors address the incidence of TCS in patients with MM and
prenatal vs postnatal repair. For purposes of the literature search, the task force defined
“pediatric” as infants, children, and adolescents less than 18 years of age. The scope of

this inquiry includes patients with congenital MM.

OBJECTIVES
The objective of this guideline was to search the current literature, evaluate the
evidence and make appropriate recommendations for clinical management of infants with

MM closed prenatally vs postnatally, specifically in reference to the incidence of TCS.

METHODS

Writing Group and Question Establishment



The Guidelines Task Force initiated a systematic review of the literature and
evidence-based guideline relevant to the diagnosis and treatment of patients with MM.
Through objective evaluation of the evidence and transparency in the process of making
recommendations, this evidence-based clinical practice guideline was developed for the
diagnosis and treatment of patients with MM. These guidelines were developed for
educational purposes to assist practitioners in their clinical decision-making processes.
Additional information about the methods utilized in this systematic review is provided in

the introduction and methodology chapter.

A series of authors for the development of guidelines related to MM were
identified and screened for conflict of interest. This group, in turn, agreed on a set of
pertinent questions to address the topic at hand, and conducted a systematic review of the
literature relevant to MM. The recommendations deliberately eschewed the use of expert
opinion, and instead relied strictly on the available literature.

Literature Search

The Guidelines Task Force worked with a research librarian to assist with the
formulation of search terms related to SB, MM, TCS and prenatal repair and to develop
strategies used to search PubMed and Embase for relevant literature published between
1966 and September 2016. Co-authors used the article inclusion and exclusion criteria
described below to screen 261 abstracts and selected 54 relevant articles for full-text
review. Staff compiled the results for review and final approval by all the Task Force
members. Literature searches of electronic databases were supplemented with manual
screenings of the bibliographies of all retrieved publications and other potentially
relevant systematic reviews. All literature identified either by searches of the electronic
databases or manual searches (15 of the 261 abstracts) were subject to the article
inclusion and exclusion criteria listed below. The search strategies are provided within

the methods sections of the topics evaluated below.

Study Selection and Eligibility Criteria
The Task Force members collaborated with a medical librarian to search PubMed
and Embase for the period from 1966 to September 2016 using the search strategies
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provided in Appendix I. After de-duplication, the literature search yielded 246 abstracts,

which were reviewed by the authors using the following inclusion and exclusion criteria:

At least 80% of patients had to be patients with MM and <18 years of age.
Studies that enrolled >20% of patients with other forms of SB were
excluded.

Studies that combined the results of patients with other forms of SB were
excluded if the study enrolled less than 80% of target patient population.
Studies that enrolled mixed patient populations were included only if they
reported separate results for the target population. The results of the target
population were the only results considered as evidence to support our
recommendations.

The study was a full article report of a clinical study.

The study was not a meeting abstract, editorial, letter, or a commentary.
Prospective case series had to report baseline values, if applicable.

Case series studies with non-consecutive enrollment of patients were
excluded.

Studies had to have appeared in a peer-reviewed publication or a registry
report.

Studies had to enroll at least 10 patients for each distinct outcome
measured. If it was a comparative study, a minimum enrollment of 5
patients per treatment arm for each outcome was necessary.

The study involved humans.

The study was published between 1966 and September 2016.

The study presented results quantitatively.

The study did not involve “in vitro”, “biomechanical” or cadavers.

The study was published in English.

Papers reporting results of systematic reviews, meta-analyses, or
guidelines developed by others were excluded.

Authors specifically excluded follow-up studies in which a cohort of
patients from an initial study were followed in time and separately



reported in a subsequent publication. This prevented the same patients
from being included multiple times in this review.

To reduce bias, these criteria were specified before conducting the literature
searches. For the purposes of this evidence review, articles that did not meet the selection
criteria were not considered potential evidence to support the clinical recommendations.
These criteria were also applied to 15 additional articles provided by the Guidelines Task
Force who supplemented the electronic database searches with articles from manual
searches of the bibliographies of articles yielded by the search.

Three independent reviewers evaluated each abstract to assess if the article was
relevant to the question, and results were compared for agreement by a separate party.
Inconsistencies were re-reviewed, and disagreements were resolved by consensus. The
authors did not include systematic reviews, guidelines, or meta-analyses conducted by
others, as these documents were developed using different inclusion criteria than those
specified in this guideline. Although these articles were not included as evidence to
support the review, they were recalled for full-text review in order for the Guidelines
Task Force to conduct manual searches of the bibliographies. Many articles identified in
the preliminary search were excluded because they were not specific to MM and included
other forms of SB. Studies were only recalled for full review if their abstract suggested
that they might address one of the recommendations, and their bibliographies were
searched for additional studies. Of the 54 articles selected, 50 were rejected for not
meeting inclusion criteria or for being off-topic and 1 was rejected for including the same
patients as a subsequent study. There were 3 studies that met inclusion criteria (see
Appendix 1V).>7 See PRISMA Atrticle Flow Chart in Appendix .

Data Collection Process

The abstracts that met the selection criteria mentioned above were retrieved in
full-text form. Each article’s adherence to the selection criteria was confirmed. To
determine how the data could be classified, the information in the full-text articles was
then evaluated to determine whether they were providing results of therapy or were more
centered on diagnostic or prognostic information. Agreement on these assessments and



on the salient points regarding the type of study design and objectives, and the
conclusions and data classification was then reached by exchanging drafts and comments
by discussion or e-mail. The information was then used for construction of the evidence

tables (see Appendix IV).
Assessment for Risk of Bias

The literature related to MM and prenatal or in utero closure of MM and TCS was
assessed. Bias may be a concern when investigators are reporting or tracking outcomes of
infants or patients that they have treated. Bias in reporting the incidence of TCS in infants
with prenatal repair of MM may occur. Authors attempted to blind the care givers who
evaluated these children for motor function and other symptoms in the randomized
controlled MOMS trial. There were additional studies that reported a case series of
infants with in utero closure of MM infants who were compared to historical controls.
One criticism of all studies is that there is limited follow-up data available for infants
with prenatal repair for those infants, clinical follow-up over their lifetime and
comparison to historical control cohorts would be interesting. The methodological quality

of the studies and the risk of bias were assessed using the following 6 criteria:

Sequence generation
Allocation concealment
Blinding

Incomplete reporting of data
Selective reporting of outcomes

o a0k~ w N oE

Other potential threats to validity

Rating and Classification of the Quality of Evidence

The quality of evidence was rated using an evidence hierarchy for the study type
we included for review: therapeutic. Demonstrating the highest degree of clinical
certainty, Class | evidence is used to support recommendations of the strongest type,
defined as Level | recommendations. Level 1l recommendations reflect a moderate degree

of clinical certainty and are supported by Class Il evidence. Level 111 recommendations



denote clinical uncertainty supported by Class I11 evidence. This hierarchy is shown in
Appendix I11. Additional information regarding the hierarchy classification of evidence is
found on the CNS Guidelines Procedures and Policies page at:

https://www.cns.org/quidelines/quideline-procedures-policies/quideline-development-

methodology.

Revision Plans

In accordance with the Institute of Medicine’s standards for developing clinical
practice guidelines, the task force will monitor related publications following the release
of this document and will revise the entire document and/or specific sections “if new
evidence shows that a recommended intervention causes previously unknown substantial
harm; that a new intervention is significantly superior to a previously recommended
intervention from an efficacy or harms perspective; or that a recommendation can be
applied to new populations.”® The task force will confirm within 5 years from the date of
publication that the content reflects current clinical practice and the available
technologies for the incidence of TCS in infants with MM with prenatal vs postnatal

repair.

RESULTS
Study Selection and Characteristics

There was Class Il evidence from 1 study and Class Il1 evidence from another 2
studies that demonstrated tethered cord syndrome develops in children with prenatal
closure of their MM at the same or at a somewhat higher rate than with postnatal closure.
There was also an increased risk of development of inclusion cysts in children who
underwent in utero closure as fetuses.
Results of Individual Studies, Discussion of Study Limitations and Risk of Bias

In a landmark prospective study, Adzick et al conducted a randomized trial of
prenatal versus postnatal repair of MM, and the results were reported in the New England
Journal of Medicine (NEJM).® Primary outcomes evaluated at 12 months were fetal or
neonatal death and need for shunt. Evaluators were blinded to initial treatment. Primary
outcomes studied and reported at 30 months included mental development, Index of
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Bayley Scales of Infant Development Il and motor function with “adjustment for lesion
level”. Radiological and functional levels were compared based on MRI and clinical
examination. Secondary outcomes studied were complications of surgery and pregnancy,
neonatal morbidity and mortality, time of first shunt placement, locomotion,
developmental assessments, Chiari Il development, degree of disability, rates of
epidermoid cyst development and of spinal cord tethering. Planned enrollment was for
200 patients, however the study was terminated after 183 were randomized. In the first
analysis of this cohort, 158 infants had reached the 12 month age timepoint, and 134 were
at 30 months.> All consecutive patients whose mothers met inclusion criteria (Appendix
V) and signed an informed consent form were enrolled in the randomized study. Of the
158 infants at 12 months, there were 78 in the prenatal group and 80 infants in the
postnatal group. Of the 134 infants at 30 months, there were 64 children in the prenatal
group and 70 children in the postnatal group. No further follow-up, after the 30 months,
was reported.®> Although this was a Class | study, authors down-graded the class of
evidence to Class Il because the development of TCS was not the primary outcome
studied. However, there was evidence suggesting that spinal cord tethering occurs at a
higher rate for infants that had prenatal repair of MM. There was some missing data, so
the percentages may not be accurate with a small “n”. While the rate of epidermoid cyst
development was similar in both groups, the rate of surgery for tethered cord by 12
months was 8% (6/77) in infants treated prenatally and 1% (1/80) for infants that had
their MM repaired after birth. The relative risk was reported as 6.15 (range 0.76 — 50)
with a p value of 0.06, so this trend was not statistically significant.

In a Class 11 retrospective study by Lee et al, it was reported that in utero closure
of MM does not improve lower urinary tract function.® In this study, the primary outcome
studied was urological dysfunction. Secondary outcomes reported included the need for
ventriculoperitoneal shunt and spinal cord untethering surgery. Prenatal vs postnatal
repairs of MM were compared: 11 infants had prenatal repair elsewhere and 22 infants
with postnatal repair were chosen from their MM database. These infants were not
necessarily consecutive or randomized, but were case matched to historical controls, and

may include patients described in the Adzick® and Danzer” ° studies. The mean duration
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of follow-up was 7.2 years for the prenatal closure group and 7.31 years for the postnatal
repair group. Student’s t test or Fisher’s exact test were used to compare cases to controls
based on data characteristics. Statistical testing was performed with SAS® 9.2 and a 2-
sided p <.05 was considered significant. Lee at al provided evidence that there were no
differences between the groups in terms of urological dysfunction. There was no
statistical difference in the rate of shunting (p =0.14) or untethering surgery (p =0.99).
Three of the 11 prenatal repair infants required detethering (27%) and 6 of the 22 infants
that had postnatal repair required detethering (27%) (p = 0.99).6 Although both forms of
closure were associated with the development of the need for tethered cord surgery, there
were no statistical differences found.

However, in 2008 Danzer et al performed a study that detected a higher incidence
of TCS and inclusion cysts in infants with MM repaired in utero.® In this study, 54 infants
were followed on average for 72 months (6 years) +/- 14 months (range 46-98 months).°
The incidence and development of intradural inclusion cysts following prenatal MM
closure were studied as the primary outcomes.® Danzer found that 30% (16/54) of infants
repaired prenatally developed symptomatic TCS requiring surgery. While, this rate is
similar to the reported range of 10 to 38% for postnatally repaired infants, 63% (10/16) of
these infants with TCS had intradural epidermoid inclusion cysts.® Intradural inclusion
cysts have been found less often (<25%) in infants that underwent traditional post-natal
repair. This study suggests that infants with MM repaired prenatally may develop
symptomatic TCS with inclusion cyst formation earlier than infants repaired postnatally.®

Danzer followed up this study with another (Class I11) study reporting long-term
results (8-14 years) published in 2016.” The same 54 patients were included, with a
finding that 33% of the children who had prenatal closure (14 patients) developed spinal
cord tethering, and of those, 57% involved an intradural dermoid cyst. Of the 14 patients,
11 required only 1 additional surgery, while 2 patients had 2 procedures, and 1 had 4
additional detethering procedures.” This study provided only Class I11 evidence because
the same patients were reported after longer-term follow-up (with 9 patients lost to follow
up and 3 having failed to return the questionnaire), and thus did not really yield any new
findings or recommendations. Because Danzer published a second study in 2016,
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reporting long term follow up data from patients from the 2008 study, only the 2016

study was included as evidence.’

DISCUSSION

Although there are only approximately 1,500 infants born annually with SB and
MM in the United States, there are thousands more born each year in developing
countries throughout the world, because of folic acid deficiency during conception and
pregnancy.l Women carrying fetuses with MM, in the United States, are provided an
opportunity to have prenatal repair done for their infants. However, in many countries
with limited resources, the care for women carrying fetuses with MM and children with
MM may not be as well developed, and children have died with many of the associated
comorbidities including Chiari 1l malformation, HC, neurogenic bowel and bladder
syndrome and spinal deformities.

The 1999 JAMA study, published by Bruner and Tulipan et al first reported the
outcomes for infants treated with fetal surgery for MM.% They demonstrated a
significantly decreased incidence of shunt-dependent hydrocephalus and a reduced
incidence of Chiari 1l development.* However, the median follow-up was only 311 days
(range 182-799) and the development of TCS was not an outcome studied.* In a 2002
NEJM report, Mazzola et al reported 3 cases of infants with MM that were repaired
prenatally; in all 3 cases, TCS developed secondary to large intradural inclusion cysts.°
This study did not meet inclusion criteria because of the small number of patients
reported.

There was another study, excluded for low study population number, which also
reported a similar incidence of TCS in these infants closed prenatally, as compared to
infants closed after birth.!! In Farmer’s early 2003 report, 13 infants with MM were
repaired prenatally. However, only 9 survived at 1 year for a retrospective review.* This
was a single-center, retrospective case series with an average of 17 months’ follow-up.
One infant required surgery for TCS at 15 months of age and the mortality rate in their
series was 31% (4/13). Although this paper did not indicate an increased rate of TCS, it

did report a single case of early TCS in an infant that underwent MM repair in-utero.
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This systematic review of the literature revealed a paucity of good, long-term
clinical data. Perhaps because the technique of in-utero closure is relatively “new”, we do
not yet have the numbers of randomized patients with MM that could demonstrate a
significant difference in the rate of TCS associated with either closure technique. This
review did show some early Class Il and Class 111 studies that demonstrated that the risk
of development of TCS in infants closed in-utero may be similar to or higher than infants
closed postnatally. Additionally, in 2008, Danzer evaluated 54 infants who had prenatal
repair of their MM and assessed them for the development of TCS (prior to initiation of
the MOMS trial).® The authors reported a 30% incidence of TCS (16/54) in these infants,
which developed at a median age of 27 months.® It was also noted that in 10 of the 16
children (63%), TCS was associated with or caused by an intradural inclusion cyst
(dermoid or epidermoid).® Adzick et al reported in 2011, in NEJM, that there was a
higher trend of TCS development in infants with prenatal repair and that there were more
inclusion cysts seen, but neither increase was found to be significant.® In 2016, Danzer
reported long-term outcomes of 42 of the above 54 patients, again noting a slight
increased risk of the development of inclusion cysts, causing TCS in infants with prenatal
repair.’

Differences between prenatal and postnatal repair with respect to the development
of TCS and inclusion cysts should be considered alongside other relevant maternal and

fetal outcomes when deciding upon a preferred method of MM closure.

FUTURE RESEARCH

This guideline highlights the need for increased surveillance for the development
of inclusion cysts and TCS in children who have had MM repair performed in utero.
Based on the studies included as evidence, clinical and radiological follow up of all
children with MM should be reported again in the future. Additionally, infants who
undergo this procedure in the future should be carefully monitored. Relative risks of
prenatal closure should be studied, and risk-benefit ratios should be carefully considered
by parents and healthcare providers of infants with MM diagnosed prenatally. It may be
that the relatively small size of the MM infants closed in utero makes the closure
technique more difficult. With the small size, thinner skin, less subcutaneous fat and
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perhaps thinner dura, the risk of accidentally including a small part of epidermis or
dermis in the closure may be slightly higher. The development of inclusion cysts may be
related to the utilization of various biomembranes in the closure techniques. Inclusion
cysts may also be a natural part of the maldevelopment of the terminal neural tube. As
time goes by, there will be an ever-increasing number of patients to evaluate and follow.
Continued review and assessment of long-term clinical function of these patients will be
important in the future.
CONCLUSIONS

In conclusion, although there is a paucity of data, there does seem to be some
Class Il and 111 evidence indicating the same or a slightly higher rate of TCS and/or
inclusion cyst development in children who had in utero closure of their MM.
Additionally, TCS seems to develop at an earlier age in such infants. Increased
surveillance for TCS and/or inclusion cysts is therefore warranted.
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Appendix I. Literature Search Terms

PubMed Strategy Results | Embase Strategy Results | Total Results
after De-
duplication

(((((((spina bifida[mh] OR spina 153 ((neural tube defect'/exp 95 246

bifida[tw])) OR
(myelomeningocele[mh] OR
myelomeningocele[tw]))) AND
(("Neural Tube Defects"[mh]) OR
"tethered cord syndrome™ [tw])))
AND ((("in utero closure"[tw]) OR
"post-natal”[tw]) OR "in utero"[tw]))
NOT ("animals"[MeSH Terms]
NOT "humans"[MeSH Terms])

OR 'tethered cord
syndrome") AND ('in utero
closure' OR 'post-natal’ OR
'in utero’) AND
(Cmeningomyelocele'/exp
OR meningomyelocele) OR
(‘spinal dysraphism'/exp OR
'spina bifida"))) AND
'human’/de AND
[embase]/lim NOT
[medline]/lim
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Appendix Il. PRISMA Flow Chart for the literature search for the incidence of TCS
in infants with prenatal versus postnatal repair

153 abstracts from

263 abstracts identified with 2
duplicates, yielding 261
abstracts for review

95 abstracts from
Embase search

PubMed Search

15 abstracts from

bibliography review

54 articles selected from
abstracts for full-text review

207 abstracts and/ or
manuscripts rejected for
failure to meet inclusion

criteria

3 studies accepted as evidence

50 manuscripts rejected for failure to
meet inclusion criteria upon
secondary review OR for being “off-
topic”

1 manuscript rejected for including
same patients as subsequent study
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Appendix I11: Rating Evidence Quality

Classification of Evidence on Therapeutic Effectiveness

Class | Evidence
Level |
Recommendation

Evidence from one or more well-designed, randomized controlled
clinical trial, including overviews of such trials.

Class Il Evidence
Level Il
Recommendation

Evidence from one or more well-designed comparative clinical
studies, such as non-randomized cohort studies, case-control
studies, and other comparable studies, including less well-
designed randomized controlled trials.

Class Il Evidence
Level II
Recommendation

Evidence from case series, comparative studies with

historical controls, case reports, and expert opinion, as well as
significantly flawed randomized controlled

trials.
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Appendix 1V. Evidence Table

Article Class of Summary Conclusions
(Author, Evidence
Year)
Adzick NS, ] Randomized prospective trial | This paper provides evidence that spinal
2011° of prenatal vs postnatal cord tethering occurs at a higher rate for
closure with outcomes at 30 | infants that had prenatal repair of
months of age reported for myelomeningocele. While the rate of
134/183 enrolled. Class Il epidermoid cyst development was similar
evidence for this topic as in both groups, the rate of surgery for
tethered cord and dermal tethered cord by 12 months was 8% (6/77)
inclusion cysts analyzed as in infants treated prenatally and 1% (1/80)
secondary outcomes. for infants that had their
Difference did not reach myelomeningocele repaired after birth. The
statistical significance. relative risk was 6.15 (range 0.76 — 50)
with a p value of .06, so this trend was not
significant. In conclusion, there was an
increased risk of tethered cord for infants
closed in utero, but the trend was not
statistically significant.
Lee NG, Il Retrospective historical This paper provides evidence that: There
20125 matched control group of were no differences between the groups in

postnatal closure (n=22, 7.3
+/- 4.2 years follow-up) to
prenatal closure patients
(n=11, 7.2 +/- 4.2 years
follow up). Primary
objective was assessing
urologic function, also
looked at incidence of
tethered cord surgery.

terms of urological function. There was no
difference in the rate of shunting (p = 0.14)
or untethering surgery (p = 0.99). Three of
the 11 prenatal repair infants required
detethering (27%) and 6 of the 22 infants
that had postnatal repair required
detethering (27%) (p = 0.99). In
conclusion, there was no difference in the
rate of TCS development.
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Article Class of Summary Conclusions
(Author, Evidence
Year)
Danzer E, Il Longer term (8-14 years) Danzer followed his 2008 study with a
2016/ follow up of 42 out of an Class 111 study reporting long-term results:

initial 54 patients with
prenatal closure prior to
MOMS study.

33% of the children who had prenatal
closure (14 patients) developed spinal cord
tethering, with and of those, 57%
developed an intradural dermoid cyst.

Appendix V. Major Inclusion/Exclusion Criteria of the MOMS? Trial

Inclusion

Mothers >18 years of age carrying a
singleton pregnancy

Fetuses with normal karyotype

Fetuses with a gestational age of 19-25.9
weeks at randomization

Fetuses with MM defect with an upper
level between T1 and S1 with evidence of
hindbrain herniation

Exclusion

Fetuses with a severe kyphotic deformity
related to MM

MM

Fetuses with a fetal anomaly unrelated to

Risk of preterm birth, placental abruption
or any other contraindication to surgery.

Mother with Body Mass Index of >35
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