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Abstract
Purpose: Intrauterine myelomeningocele repair (IUMR) and postnatal myelomeningocele repair (PNMR)
differ in terms of both setting and surgical technique. A simpli�ed technique in IUMR, in which a dural
onlay is used followed by skin closure, has been adopted at our institution. The goal of this study was to
compare the rates of clinical tethering in IUMR and PNMR patients, as well as to evaluate the appearance
on MRI.

Methods: We conducted a retrospective review of 36 patients with MMC repaired at our institution, with
2:1 PNMR to IUMR matching based on lesion level. A pediatric neuroradiologist blinded to the clinical
details reviewed the patients’ lumbar spine MRIs for the distance from neural tissue to skin and the
presence or absence of a syrinx. An EMR review was then done to evaluate for detethering procedures
and need for CSF diversion.

Results: Mean age at MRI was 4.0 years and mean age at last follow-up was 6.1 years, with no signi�cant
difference between the PNMR and IUMR groups. There was no signi�cant difference between groups in
the distance from neural tissue to skin (PNMR 13.5mm vs IUMR 17.6mm; p=0.5). There was no difference
in need for detethering operations between groups (PNMR 12.5% vs IUMR 16.7%; RR 0.75; CI 0.1-5.1).

Conclusions: There was no signi�cant difference between postnatal- and intrauterine-repaired
myelomeningocele on MRI or in need for detethering operations. These results imply that a more
straightforward and time e�cient IUMR closure technique does not lead to an increased rate of tethering
when compared to the multilayered PNMR. 

Introduction
Despite progress in prevention and intervention, myelomeningocele remains a major source of morbidity
and mortality in both developed and developing countries.1,2 Since the completion of the Management of
Myelomeningocele Study (MOMS),3 intrauterine myelomeningocele repair (IUMR) has become an
established option in the management of myelomeningocele across well more than the original three
centers.

IUMR and postnatal repair (PNMR) of myelomeningocele differ not only in setting, but also surgical
technique. During PNMR, a multilayered closure including dura, myofascia and skin is preferred. This
multilayered closure technique has been described for IUMR as well.4 However, dissecting the tissue-thin
dura and performing signi�cant myofascial dissection adds time and damage to the surrounding tissue.
At our institution, a small piece of dural substitute is cut to the size of the defect and skin closed primarily
in the midline over this graft.5 The goal is to simplify the procedure in order to effectively close the defect
as e�ciently and simply as possible. Simplifying IUMR to the simplest technique that maintains the
bene�ts seen in MOMS decreases the operative time needed, which may lower the risks to the exposed
fetus and mother. Additionally, it may facilitate the development of less invasive methods of fetal closure.
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Few studies have examined the rate of symptomatic tethering in the IUMR population. In the MOMS,
surgery for tethered cord was higher in the IUMR group compared to the PNMR group (8% vs. 1%), though
this was not statistically signi�cant.3 These rates are signi�cantly lower than previously reported rates of
tethering in myelomeningocele patients, which is 10–30%, likely due to the limited follow-up in the
MOMS. More recent studies have indicated that there is no difference in the rates of symptomatic
tethering in these two groups.6,7 It is important to assess the results of different techniques on outcomes
to ensure that the bene�ts of IUMR are being maintained with newer and possibly simpler techniques.

MRI of the lumbar spine demonstrates evidence of tethering in all myelomeningocele patients, making
diagnosis reliant on clinical �ndings.8–10 However, understanding the differences in appearance of IUMR
and PNMR on MRI, speci�cally the appearance of the tissue super�cial to the dural closure, could
illuminate the consequences of the different closure techniques, if any exist long term. More simply put, if
there is no detectable difference on MRI in terms of the thickness of tissue over the repair site, and no
difference in symptomatic tethering, then advocating for simpli�cation of the technique would make
sense, and potentially increase its adoption.

To date, no studies have investigated differences in appearance of spinal MRIs in the IUMR and PNMR
populations. The goal of this study was to determine differences in the appearance on MRI between
IUMR and PNMR populations, as well as the clinical tethering rates.

Methods
A single-institution retrospective review of myelomeningocele patients undergoing operative intervention
was performed following Institutional Review Board approval (IRB #111291) at our institution. Inclusion
criteria included pediatric patients undergoing myelomeningocele repair with radiographic imaging and
follow-up at our institution. The cohort was 2:1 PNMR to IUMR cohort based matched on lesion level.

Closure Technique for IUMR
The exposure of the fetus is done as previously described.5 After induction of general anesthesia, the
mother’s abdomen is prepped and draped. The Maternal and Fetal Medicine (MFM) team exposes the
uterus and opens it longitudinally. the fetus is positioned with the myelomeningocele exposed in the
uterine opening. The placode is released, taking care to not include surrounding dermis or epidermis. If
dura is inadequate for closure, as is frequently the case, a piece of dural substitute is placed over the
defect and skin closed over this patch. If skin is inadequate for midline closure, releasing incisions are
made on the sides to allow midline skin closure and lateral incisions are patched.11 This technique
results in a neurosurgical operative time of approximately 20 minutes, with slightly longer times if
releasing incisions needed.

Data Collection
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Data collected from the electronic medical record (EMR) included demographics, clinical characteristics
(anatomic level of myelomeningocele, clinical evidence of tethered cord, and evidence of urologic,
orthopedic, neurologic defects), and age at magnetic resonance imaging (MRI) and last follow-up.
Following review of the EMR, spinal MRIs were reviewed by a board-certi�ed neuroradiologist blinded to
repair timing. Distance from neural tissue to fascia and neural tissue to skin was measured (Fig. 1). The
presence of a syrinx and/or epidermoid or dermoid cyst was also noted. In addition, the neuroradiologist
was tasked with predicting timing of repair following review of radiographic evidence. Each patient’s EMR
were then reviewed for any detethering operations and need for cerebrospinal �uid (CSF) diversion.

The primary outcomes of the study were the appearance of tissue on MRI, measured through distance
from neural tissue to fascia and to skin, and incidence of tethering. Secondary outcomes included
presence of syrinx and epidermoid or dermoid cysts, as well as need for CSF diversion and diversion type.

Statistical Analysis
Descriptive statistics, including frequency for categorical variables and median and interquartile ranges
for continuous variables were performed. Univariate analysis was performed to evaluate differences
between the intrauterine repair and postnatal repair cohorts. Chi-square or Fisher’s exact tests were used
for categorical variables and independent-samples t-test was used for continuous variables. Statistical
signi�cance was set a priori at p = 0.05. All analysis was performed in IBM SPSS 27.

Results

Demographics
Twelve IUMR patients were randomly chosen from the Maternal Fetal Medicine database. A priori, it was
determined that matching would occur on a 2:1 basis. In total, 36 patients with myelomeningoceles (24
PNMR and 12 IUMR) were included in our cohort, the majority of whom were Caucasian (n = 28, 77.8%).
Females predominated in both the IUMR (n = 7, 58.3%) and PNMR (n = 15, 62.5%) groups. Compared to
the PNMR group, mean gestational age at delivery was two weeks younger in the IUMR group (35.2 ± 2.2
vs. 37.2 ± 1.6 weeks, p = 0.005). This is consistent with previous studies of IUMR.3,12 There was no
statistically signi�cant difference in age of last follow-up between the groups (IUMR 6.6 ± 2.1 vs. PNMR
5.8 ± 2.7 years, p = 0.409) (Table 1). Of note, two IUMR patients (16.7%) did require wound revision soon
after birth for super�cial dehiscence.
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Table 1
Demographics and Clinical Characteristics

  Intrauterine Repair (n = 
12)

Postnatal Repair (n = 
24)

p-
value

Sex, n (%)

Male

Female

5 (41.7)

7 (58.3)

9 (37.5)

15 (62.5)

0.809

Race, n (%)

Caucasian

Black/African-American

Hispanic/Latino

Asian/Asian-American

Other

11 (91.7)

1 (8.3)

0 (0)

0 (0)

0 (0)

17 (70.8)

4 (16.7)

1 (4.2)

1 (4.2)

1 (4.2)

0.672

Gestational Age at Birth (weeks), mean
(SD)

35.2 ± 2.2 37.2 ± 1.6 0.005

Anatomic Level of Myelomeningocele

Thoracic

L1-L2

L3-L4

L5-S1

Sacral

0 (0.0)

1 (8.3)

7 (58.3)

3 (25.0)

1 (8.3)

1 (4.2)

2 (8.3)

12 (50.0)

6 (25.0)

3 (12.5)

 

Clinical Evidence of Tethered Cord, n
(%)

Yes

No

Indeterminate

1 (8.3)

10 (83.3)

1 (8.3)

3 (12.5)

20 (83.3)

1 (4.2)

0.829

Neurogenic Bladder, n (%) 2 (16.7) 6 (25.0) 0.571

Evidence of Urologic Defect, n (%) 2 (16.7) 0 (0) 0.040

Evidence of Orthopedic Defect, n (%) 3 (25.0) 0 (0) 0.011

Evidence of Neurologic Defect, n (%) 1 (8.3) 1 (4.2) 0.607

Progressive Scoliosis, n (%) 2 (16.7) 2 (8.3) 0.453
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  Intrauterine Repair (n = 
12)

Postnatal Repair (n = 
24)

p-
value

Age at Last Follow-up (years), mean
(SD)

6.6 ± 2.1 5.8 ± 2.7 0.409

VPS = ventriculoperitoneal shunt, ETV = endoscopic third ventriculostomy

Radiographic Characteristics
Mean age at MRI was similar between intrauterine (4.7 ± 1.4 years) and postnatal (3.6 ± 2.7 years) repair
groups (p = 0.189). On radiographic analysis, no statistically signi�cant difference was observed in either
the mean distance from neural tissue to fascia (6.9 ± 5.4 vs. 4.9 ± 4.7 mm, p = 0.276) or neural tissue to
skin (17.7 ± 9.4 vs. 13.5 ± 12.3 mm, p = 0.320) between the IUMR and PNMR groups, respectively. Two
patients in both the IUMR (16.7%) and PNMR (8.3%) groups presented with epidermoid cyst (p = 0.941).
Both patients in the IUMR group underwent an operation for resection of inclusions cysts, compared to
one of the two patients in the PNMR group. Presence of syrinx was noted in 4 intrauterine repair patients
(33.3%) and 17 postnatal repair patients (70.8%); these differences did not reach statistical signi�cance
(p = 0.092). Table 2 summarizes radiographic characteristics of the two cohorts.

Table 2
Radiographic Characteristics

  Intrauterine Repair (n = 
12)

Postnatal Repair (n = 
24)

p-
value

Age at MRI (years), mean (SD) 4.7 ± 1.4 3.6 ± 2.7 0.189

Neural Tissue to Fascia (mm), mean
(SD)

6.9 ± 5.4 4.9 ± 4.7 0.276

Neural Tissue to Skin (mm), mean
(SD)

17.7 ± 9.4 13.5 ± 12.3 0.320

Epidermoid, n (%) 2 (16.7) 2 (8.3) 0.941

Dermoid, n (%) 1 (8.3) 0 (0.0) 0.134

Syrinx, n (%) 4 (33.3) 17 (70.8) 0.092
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Table 3
Need for Surgical Intervention

  Intrauterine Repair
(n = 12)

Postnatal Repair (n 
= 24)

Relative Risk
(95% CI)

Need for Surgical Detethering, n
(%)

2 (16.7) 3 (12.5) 0.75 (0.14–3.91)

Need for CSF Diversion, n (%) 7 (58.3) 22 (91.7) 1.57 (0.96–2.57)

  Intrauterine Repair
(n = 12)

Postnatal Repair (n 
= 24)

p-value

Age at Detethering (years), mean
(SD)

2.9 ± 2.4 3.7 ± 3.3 0.795

Age at CSF Diversion (days),
median (IQR)

171 (69.5-243.5) 17 (9-55.5) 0.006

Type of CSF Diversion, n (%)

VPS

ETV

2 (28.6)

5 (71.4)

13 (61.9)

8 (38.1)

0.126

Upon review of spinal MRI by a neuroradiologist blinded to repair timing, the neuroradiologist correctly
predicted repair timing based solely off review of radiographic evidence only 38% of the time, indicating
that there was not a clear difference on MRI between intrauterine and postnatal closures. Furthermore, the
neuroradiologist expressed minimal con�dence in predicting repair timing based on MRI, noting that there
were not signi�cant qualitative differences in appearance.

CSF Diversion Operations
There were 7 patients (58.3%) in the IUMR group and 22 patients (91.7%) in the PNMR group requiring
CSF diversion, a difference that was not signi�cant in our cohort (RR 1.57, 95% CI 0.96–2.57). IUMR
patients were signi�cantly older than patients with PNMR at time of CSF diversion (171, IQR 69.5-243.5
vs. 17, IQR 9-55.5 days, p = 0.006).

Tethering
In the IUMR group, 16.7% (n = 2) patients underwent a detethering operation, compared with 12.5% (n = 3)
within the PNMR group (RR 0.75, 95% CI 0.14–3.91). In the IUMR group, both patients requiring
detethering had worsening of urodynamics and worsening of lower extremity deformity. In the PNMR
group, one patient had worsening lower extremity pain and weakness, one patient had progressive
scoliosis, and the third patient had a persistent pseudomeningocele and tethered cord was noted at the
time of surgical repair. Age at detethering was similar between the cohorts (IUMR 2.9 ± 2.4 vs. PNMR 3.7 
± 3.3 years, p = 0.795). (Table 1).

Discussion
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Our study comparing the radiographic appearance of IUMR and PNMR revealed no signi�cant differences
in subcutaneous tissue appearance, or other radiographic characteristics, including presence of syrinx
and epidermoid or dermoid cysts. Furthermore, the di�culty in which a blinded neuroradiologist was able
to predict repair timing further suggested an absence of differences on radiographic imaging between the
two groups.

Important outcomes in IUMR closures include rates of CSF diversion and tethering rates. In the current
study, there was not a signi�cant difference in rates of CSF diversion between the IUMR and PNMR
groups (58.3% vs. 91.7% respectively). The lack of statistical signi�cance may be attributed to the small
cohort in this study. The rates were similar to that of the MOMS cohort.3,13 Consistent with previous
literature,14 patients undergoing IUMR were older and weighed more at the time of CSF diversion
compared to PNMR patients.

In this, there was not an increase in tethering rates in the IUMR group (16.7%) patients compared to the
PNMR group (12.5%; Table 2). Previous literature has noted that the rates of tethering myelomeningocele
patients to be between 10 and 30%.7,9,10 While a previous study found a rate of tethering in IUMR patients
of nearly 33%,15 a more recent study using the National Spina Bi�da Patient Registry demonstrated no
difference in the rates of detethering operations between IUMR and PNMR patients (18% vs 16%,
respectively), with a mean age at last follow-up of 3.67 years in the IUMR group and 4.08 years in the
PNMR group.6 In our cohort, mean age at last follow-up was 6.6 years in the IUMR group and 5.8 years in
the PNMR group. It is possible that additional tethering operations will be necessary for this cohort as
they age, based on recent studies demonstrating a risk of tethering of approximately 1.8% per year
between ages 0–13,7 so continued follow-up and ongoing analysis is necessary.

The appearance of the subcutaneous tissue is a novel variable that could help to assess the
consequences of different closure techniques. For example, it is possible that not performing a fascial
closure could result in less subcutaneous tissue. While the appearance of tethering on MRI is present in
nearly all patients following myelomeningocele closure,8,9 it was important to evaluate the appearance of
subcutaneous tissue between the groups to see if the differential closure made a signi�cant difference.
There was no difference in the amount of tissue between the skin and neural tissue between the IUMR
and PNMR groups. This important in demonstrating that the lack of myofascial �aps does not seem to
make a substantial difference in appearance on MRI. The lack of differences is also highlighted by the
inability to qualitatively differentiate between IUMR and PNMR on MRI. A board-certi�ed neuroradiologist
was only correct 38% of the time when asked to determine if the patient had a IUMR or PNMR
accentuating the lack of visible difference between the two groups despite effort to prove otherwise.

There were two IUMR cases (16.7%) that required wound revisions following birth. Neither patient had
evidence of CSF leakage or exposure of neural elements, and underwent complex wound closure with
plastic surgery. Both of these cases were early in our experience with this technique. Rates of wound
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dehiscence in IUMR in the literature have been reported between 0%-13%.3,14,16 Additionally, as more
experience is gained by both surgeon and �eld, rates of complications have declined.5

Other modi�cations from the technique described in MOMS3 have been described. Flanders et al.17

described their results following modi�cation of a technique in which they rotated a myofascial �ap over
the dural defect and close this layer. The skin is then closed primarily. They report signi�cantly fewer
inclusion cysts with this technique compared to their results prior to this modi�cation, as well as lower
rates of CSF diversion compared to the MOMS cohort.17 Notably, they did not include the age at last
follow-up, which is important to know as many cysts and symptomatic tethers are not reported until later
in life.7,9,18

Simplifying the technique while maintaining the bene�t of the operation could allow for the further
development of less invasive techniques of IUMR. Fetoscopic surgery has recently gained traction with
the goal of decreasing morbidity related to an open hysterotomy. A recent analysis of an international
registry of centers performing fetoscopic IUMR demonstrated similar rates of hydrocephalus when
compared to the MOMS and post-MOMS cohorts.19 Additionally, 32% of children in the fetoscopic group
were delivered vaginally, which is not possible following open hysterotomy. There was increased
operative time, and rates of preterm premature rupture of membranes and oligohydramnios were higher
in the fetoscopic cohort. This technique does require signi�cant training for neurosurgeons and the entire
prenatal surgery team.20,21 It is also important to note that the Texas Children’s group, who has pioneered
this technique, recently published that moving away from a simpler closure reduced their postoperative
immediate take back for CSF leaks after delivery.22

While our study demonstrated no signi�cant differences radiographically or increased tethering rates in
prenatal compared to postnatal closure, it is not without limitation. First, the single-institution nature of
this study limits the size of the cohort; larger scale studies evaluating different techniques of closure are
indicated to more fully understand possible differences in outcomes. Furthermore, the surgery was
performed by one team and the radiographic �ndings in our study were interpreted by a single
neuroradiologist. Therefore, subsequent validation of this study should be pursued in order to determine
whether the results of this study can be replicated. Despite these limitations, our study is the �rst to
compare intrauterine prenatal closure and postnatal closure of myelomeningocele from a radiographic
perspective, showing little difference between the tissue covering the placode between the two operative
techniques In addition, there appeared to be no difference in symptomatic tethering rates, bring the
opportunity to emphasize the substantial differences in closure techniques that have evolved since
MOMS and the idea perhaps that we should begin moving towards adopting the least complex procedure
that allows the �eld to maintain the bene�ts seen in MOMS and also provides short and longer term
protection from returning to the operating room for any reason.

Conclusion
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Compared to postnatal closure, intrauterine prenatal repair of myelomeningocele was not associated with
different appearance on MRI, less subcutaneous tissue, or increased tethering rates requiring surgical
management. Simplifying the procedure and maximizing e�ciency may promote adoption of prenatal
closure across the �eld and ultimately in low- and middle-income countries where previously not
considered. Additionally, this may facilitate the adoption of less invasive techniques of intrauterine repair
in the future as technology and innovation continue to evolve.
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Figures

Figure 1

Subcutaneous tissue measurements. Distances from neural tissue to fascia (1) and neural tissue to skin
(2) were measured by a board-certi�ed neuroradiologist and recorded upon review of spinal MRI.


