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Resumo

Objetivo: Avaliar a viabilidade técnica do reparo da mielomeningocele fetal
através de uma mini-histerotomia e descrever os resultados perioperatorios e

perinatais de nossa experiéncia inicial.

Materiais e Métodos: Estudo descritivo dos casos de corre¢cdo MMC fetal

através de mini-histerotomias realizadas entre 2014 e 2016.

Resultados: Quarenta e cinco mulheres foram submetidas a cirurgia fetal
e 87% (39/45) dos fetos operados ja nasceram. Uma correc¢gdo multicamada completa
do defeito fetal foi possivel em todos os casos. Nao houve obitos maternos, fetais ou
neonatais. Nao houve complicacdes maternas ou fetais durante ou apds a correcao
MMC fetal até a alta hospitalar materna. A média de idade gestacional (IG) no
momento da cirurgia foi de 24,5 semanas (DP: 1,7; variagdo: 20,7-26,9). O
comprimento médio da histerotomia foi de 3,05 cm (DP: 0,39; intervalo: 2,50-3,50).
Apenas uma paciente (1/39 - 2,6%) apresentou uma separagéo corioamniotica. Nove
pacientes (9/39 - 23,1%) tiveram ruptura prematura de membranas em uma IG
mediana de 34,1 semanas (variagao: 31,1-36,0). A IG média no parto foi de 35,3
semanas (DP: 2,2; variagao: 27,9-39,1). Noventa e cinco por cento (37/39) das
pacientes apresentou a histerorrafia intacta no momento do parto. A colocacéo de

derivacao ventriculo-peritoneal foi necessaria em 7,7% (3/39) dos recém-nascidos.

Conclusao: O reparo da MMC fetal € viavel através de uma mini-
histerectomia. Esta abordagem parece estar associada com riscos reduzidos de parto

muito pré-termo e complicagbes maternas, fetais e neonatais.

Palavras-chave: mielomeningocele fetal, cirurgia fetal, reparagdo da

mielomeningocele, defeitos do tubo neural, cirurgia fetal aberta, disrafismo espinhal.



Abstract

Objective: To present the thecnical feasibility of fetal myelomeningocele
(MMC) repair through a mini-hysterotomy and to describe the perioperative and

perinatal results from our initial experience.

Methods: Descriptive study of cases of fetal MMC correction via mini-

hysterotomies performed between 2014 and 2016.

Results: Forty-five women underwent fetal surgery and 87% (39/45) have
already delivered. A complete multilayer correction of the fetal defect was possible in
all of the cases. There were no maternal, fetal or neonatal deaths. No maternal or fetal
complications occurred during or after fetal MMC correction until maternal hospital
discharge. Average gestational age (GA) at surgery was 24.5 weeks (SD: 1.7; range:
20.7 — 26.9). The median hysterotomy length was 3.05 cm (SD: 0.39; range: 2.50 —
3.50). Only one patient (1/39 — 2.6%) experienced chorioamniotic separation. Nine
patients (9/39 — 23.1%) had premature preterm rupture of membranes at a median GA
of 34.1 weeks (range: 31.1 — 36.0). Average GA at delivery was 35.3 weeks (SD: 2.2;
range: 27.9 — 39.1). Ninety-five percent (37/39) of our patients had an intact
hysterorrhaphy site at delivery. Ventriculoperitoneal shunt placement was necessary
for 7.7% (3/39) of the neonates.

Conclusion: Fetal MMC repair is feasible through a mini-hysterotomy. This
approach appears to be associated with reduced risks of very preterm delivery and

maternal, fetal and neonatal complications.

Keywords: fetal myelomeningocele, fetal surgery, myelomeningocele
repair, neural tube defects, open fetal surgery, spinal disrafism.
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1. Introducao

A disrafia espinhal aberta ou mielomemingocele (MMC) €& uma
malformagao grave do sistema nervoso central para a qual ndo existe cura definitiva
e que ocorre em cerca de 1/1000 recém-nascidos no Brasil. Trata-se de uma doenca
caracterizada por protrusdo de meninges, raizes nervosas e medula através de uma
abertura no arco vertebral, o que pode levar a paralisia dos membros inferiores,
diferentes graus de restricdo no desenvolvimento intelectual, disfungdes intestinais,

génito-urinarias e ortopédicas.’®

A etiologia e a fisiopatologia da doenga sao pouco conhecidas. No entanto,
sabe-se que inicialmente ocorre um defeito primario de fechamento do tubo neural,
com exposicao do tecido nervoso ao ambiente intrauterino. Sem a protecdo de uma
pele normal, este tecido nervoso sofre dano secundario pela exposicao ao liquido
amniotico e trauma contra a parede uterina. A lesdo na coluna, medula e raizes
nervosas leva a tragado do tronco cerebral contra o forame magno (Malformagao de
Chiari 1), o que dificulta a circulagdo liquorica no sistema ventricular cerebral, levando

a ventriculomegalia, que ocorre em aproximadamente 85% das criangas afetadas.®”’

Classicamente, a corregdgo da MMC é feita logo apds o nascimento.
Aproximadamente 80% das criangas operadas no periodo neonatal necessitam da
colocagcdo de drenos ventriculo-peritoneais com intuito de impedir a piora da
ventriculomegalia cerebral e assim minimizar o comprometimento no desenvolvimento
intelectual.>'® No entanto, aproximadamente 45% das criancas que necessitam da
colocacgao de drenos tém complicagdes subsequentes (obstru¢des, deslocamento dos
drenos e infecgdes), o que acarreta trocas sucessivas destes drenos e piora
progressiva da capacidade intelectual destes individuos.®'® As alteragdes cerebrais
mencionadas e as complicagdes de seu tratamento (em especial a necessidade de
colocacao de drenos e a obstrugédo destes) sdo responsaveis por obito de até 15%

dessas criancas até o 5° ano de vida.®"°
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Ha pouco mais de uma década, tem sido proposta a correcao intrauterina da
MMC. Varios foram os motivos que levaram ao desenvolvimento deste procedimento.
Como mencionado anteriormente, o dano neurolégico na MMC é primariamente
devido a uma anormalidade no desenvolvimento do tubo neural durante o periodo
embrionario. No entanto, a exposi¢ao cronica deste tecido nervoso ao ambiente
intrauterino  (liquido amnidtico, trauma contra a parede do utero, pressao
hidrodinamica sobre o tecido nervoso sem a protecdo de uma pele normal) piora a
les&o neurologica. Esta teoria é chamada de teoria das duas agressdes (the two-hit

)", sendo varias as observagdes que a suportam.”"™ Alguns estudos

hypothesis
sobre avaliagao histologica desses defeitos de fechamento da coluna demonstram
que o tecido nervoso exposto diretamente ao liquido amnidtico (medula, meninges e
raizes nervosas) apresenta diferentes graus de perda de tecido neural, a0 mesmo
tempo que as porgdes menos expostas (cornos ventrais e dorsais, especialmente das
por¢cdes proximais da lesdo) tém aspecto histolégico normal. Além disso, varios
estudos observacionais tém demonstrado que grande parte dos fetos com MMC que
apresentam movimentos em membros inferiores em exames ultrassonograficos, nao
apresentam fungdo motora logo apds o nascimento.'™"* Estes aspectos reforcam a
teoria das duas agressodes e suportam a racionalidade da correc¢ao pré-natal da MMC.
O fechamento intrauterino do defeito tem a finalidade de minimizar a segunda
agressao, minimizando a exposi¢ao do tecido nervoso ao ambiente uterino, e assim

melhorar o progndstico neurolégico dessas criangas.

Apo6s uma série de estudos experimentais que demonstraram reversao do
Chiari Il em modelos animais com MMC operadas intrautero,’>'® foram iniciados
estudos em seres humanos. Inicialmente, algumas séries de casos demonstraram
reducao significativa da necessidade de colocacdo de drenos ventriculo-peritoneais
apdés o nascimento nas criangas que haviam sido operadas no periodo pré-natal,
principalmente pela reversao intrauterina do Chiari 11.'%2* Estes resultados positivos
levaram ao desenvolvimento de um ensaio clinico randomizado nos Estados Unidos
da América, chamado de MOMs trial (Management of Myelomeningocele study), cujos
resultados foram publicados no periédico The New England Journal of Medicine, em
2011.2° Neste estudo, 183 gestantes cujos fetos apresentavam MMC foram
randomizadas para o tratamento intrauterino (correcdo da MMC através de
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histerotomia — abertura no utero) ou para o tratamento pds-natal (grupo controle -
conduta expectante durante a gestagéo e corregao da MMC no neonato). Os principais
critérios para inclusdo das pacientes neste estudo foram: idade gestacional entre 18
e 26 semanas, MMC com nivel superior da les&o entre T1 (primeira vértebra toracica)
e S1 (primeira vértebra sacral), auséncia de outras malformagdes fetais graves ou
anomalias cromossOmicas, presenga de Chiari Il e auséncia de tortuosidades graves
na coluna fetal. O estudo necessitou ser finalizado apdés o recrutamento de 183
gestantes pois a analise estatistica intermediaria demonstrou resultados neurolégicos
significativamente melhores para as criangas operadas no pré-natal através de uma
cirurgia aberta para o reparo intrauterino da MMC, em comparagao aquelas que foram

tratadas apos o nascimento.>?°

A correcéo do defeito no feto era feita através de histerotomia corporal de
6 a 10 cm de comprimento, com finalidade de permitir adequada exposi¢ao da leséo
fetal para que o neurocirurgido pudesse realizar a classica cirurgia de fechamento por
camadas da MMC. Houve significativa redu¢cdo na necessidade de instalagdo de
drenos ventriculo-peritoneais no grupo da cirurgia fetal (40%) em relagéo as criangas
operadas apds o nascimento (82%), devido a reversdo do Chiari Il ainda na vida
fetal,?® e melhora pontuagdes neuroldgicas globais e motoras de lactentes®®. O grupo
das criangas submetidas a cirurgia intrauterina também apresentou, até o seguimento
de 30 meses, significativo aumento na chance de deambular sem uso de orteses e
melhora significativa no desenvolvimento intelectual, quando comparado ao grupo de

criangas que foram operadas ap6s o nascimento. %°

Apesar dos resultados favoraveis para a crianga, a cirurgia fetal foi
acompanhada de algumas complicagbes maternas controlaveis, mas nao
negligenciaveis. As mais frequentemente observadas foram a RPMPT (46%), o TPPT
(38%), deiscéncia completa ou parcial da histerotomia observada no momento da
resolucdo da gravidez (30%), separagao coério-amniotica (26%), necessidade de
transfusdo sanguinea materna no parto (9%), edema agudo de pulmao (6%) apos a
cirurgia fetal e descolamento prematuro de placenta (6%) durante a cirurgia fetal.
Essas complicagbes acabaram por limitar a difusdo da cirurgia fetal para
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mielomeningocele em todo o mundo.?®

A cirurgia aberta para MMC fetal, classicamente realizada através da
histerotomia corporal de 6 a 10 cm, permite a corregdo em multicamadas do DTN,

conforme realizada no pés-natal 23",

Com o objetivo de minimizar o acesso
necessario para a correcao da disrafia fetal e, portanto, diminuir a morbidade materna,
alguns grupos t&m testado a abordagem endoscépica ***’. No entanto, os resultados
neurologicos apos estes procedimentos aparentemente menos invasivo ndo sdo bem
conhecidos, e as taxas de RPMPT, parto prematuro e deiscéncia da cicatriz fetal /

neonatal requerendo reoperacéo pds-natal, sdo ainda muito elevados.?**

Tendo em vista que os resultados adversos maternos sao as maiores
preocupagdes referentes a abordagem intrauterina da corregcdo fetal da disrafia
espinhal, inovagdes técnicas com intuito de minimizar estas complicagbes seriam
bem-vindas. Assim, sendo, descrevemos uma modificagao da cirurgia aberta classica
para MMC fetal, em que a mesma correcdo multicamada do defeito da coluna
vertebral € realizada através de uma histerotomia de 2,5 - 3,5 cm. Os principais
objetivos deste estudo sdo avaliar a viabilidade téncica desta abordagem, os

resultados perioperatorios e perinatais de nossa experiéncia inicial.
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2. Objetivos

2.1. Geral:

Avaliar a viabilidade técnica do reparo da mielomeningocele fetal através
de uma mini-histerotomia e descrever os resultados perioperatérios e perinatais de

nossa experiéncia inicial.

2.2. Especificos:

Descrever a viabilidade técnica da corregcdo da mielomeningocele fetal

através da mini-histerotomia.

Descrever os resultados perioperatorios associados a correcdo da

mielomeningocele fetal através da mini-histerotomia.

Descrever os resultados perinatais apds a corregdo da mielomeningocele

fetal através da mini-histerotomia.
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ABSTRACT

Objective: To present the thecnical feasibility of fetal myelomeningocele (MMC) repair
through a mini-hysterotomy and to describe the perioperative and perinatal results from

our initial experience.

Methods: Descriptive study of cases of fetal MMC correction via mini-hysterotomies
performed between 2014 and 2016.

Results: Forty-five women underwent fetal surgery and 87% (39/45) have already
delivered. A complete multilayer correction of the fetal defect was possible in all of the
cases. There were no maternal, fetal or neonatal deaths. No maternal or fetal
complications occurred during or after fetal MMC correction until maternal hospital
discharge. Average gestational age (GA) at surgery was 24.5 weeks (SD: 1.7; range:
20.7 — 26.9). The median hysterotomy length was 3.05 cm (SD: 0.39; range: 2.50 —
3.50). Only one patient (1/39 — 2.6%) experienced chorioamniotic separation. Nine
patients (9/39 — 23.1%) had premature preterm rupture of membranes at a median GA
of 34.1 weeks (range: 31.1 — 36.0). Average GA at delivery was 35.3 weeks (SD: 2.2;
range: 27.9 — 39.1). Ninety-five percent (37/39) of our patients had an intact
hysterorrhaphy site at delivery. Ventriculoperitoneal shunt placement was necessary
for 7.7% (3/39) of the neonates.

Conclusion: Fetal MMC repair is feasible through a mini-hysterotomy. This approach
appears to be associated with reduced risks of very preterm delivery and maternal,
fetal and neonatal complications.

Key words: fetal myelomeningocele, fetal surgery, myelomeningocele repair, neural
tube defect, open fetal surgery, spinal dysraphism.
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Introduction

Recent studies have demonstrated that infants who undergo an in-utero repair of a
myelomeningocele (MMC) through an open surgery have better neurological
outcomes than those who are treated after birth [1]. The fetal operation significantly
reduces the need for postnatal ventriculoperitoneal shunting and improves infants’
global and motor neurological scores [1]. Maternal morbidity is not negligible in the
fetal treatment group, as observed by high rates of premature preterm rupture of
membranes (PPTRM), preterm labor, chorioamniotic separation, dehiscence of the
hysterorrhaphy and the need for maternal transfusion at delivery [1].

Classically, open surgery for fetal MMC is performed through a 6 — 10 cm hysterotomy
to allow for the multilayer correction of the neural tube defect (NTD) as would be
performed postnatally [1-6]. With the purpose of minimizing access to the fetus and
therefore decreasing maternal morbidity, some research groups have tested an
endoscopic approach [7-12]. However, neurological outcomes after these apparently
less invasive procedures are not well known, and the rates of PPTRM, preterm delivery
and dehiscence of fetal/neonatal scars requiring postnatal reoperation are still very
high.

We describe a modification of the classic open surgery for fetal MMC in which the
same multilayer correction of the spinal defect is performed through a 2.5 — 3.5 cm
hysterotomy. The main purposes of this study are to present the feasibility and
technical details of this approach and to describe the perinatal results from our initial

experience.

Material and Methods

This is a descriptive study of consecutive cases of fetal MMC correction via mini-
hysterotomies performed at The Heart Hospital — S&o Paulo - Brazil between October
2014 and April 2016. All women eligible for fetal surgery were thoroughly educated
about the benefits and disadvantages of both fetal and neonatal corrections of the
MMC. The patients who opted for the fetal treatment were aware of the technical

modifications proposed by our multidisciplinary team and signed a specific informed
Artigo 10



consent form before the surgery. The ethics committee for medical research at The

Heart Hospital approved this study.

The inclusion criteria for fetal surgery were as follows: 1. Singleton pregnancy; 2.
Gestational age (GA) from 18*° to 26" weeks; 3. MMC with an upper anatomical level
from T1 to S1 and the presence of a Chiari || malformation; 4. No chromosomal
abnormality or fetal anatomical defect other than the MMC and associated alterations;
5. No previous history of prematurity or a short cervix of less than 25 mm in size during
the current pregnancy; 6. No fetal scoliosis of more than 30% 7. Easy access to the
tertiary referring center for follow-up and/or emergency assistance after fetal surgery;
8. No serious maternal disease that could significantly increase the surgical risk; and

9. No positive maternal serology for HIV or hepatitis B and C.

All of the surgeries were performed by the same multidisciplinary team (RDB, VI,
KJRC, RRJ, AAFS and CFAP) according to the following steps: 1. Maternal anesthesia
was induced by thiopental, fentanyl and rocuronium. 2. A Pfannestiel incision was
performed, and the uterus was dislodged from the abdominal cavity. 3. The fetus was
gently moved by external manipulation guided by ultrasound so that the spinal defect
was located against the uterine wall free of the placenta; until adequate fetal
positioning was achieved, low doses of midazolan and remifentanil were used to
maintain the uterine tone and maternal-fetal anesthesia. 4. A 2.5 — 3.5 cm hysterotomy
was performed with an electric blade at least 2 cm away from the border of the
placenta, above the fetal defect. The membranes were sutured to the inner layer of the
myometrium and a neonatal Ankeney® retractor (Schobell Industrial, Rio Claro, SP,
Brazil) was used to hold the hysterotomy walls (Figure 1). At this stage, midazolam
was replaced by inhaled sevoflurane, and the remifentanil infusion was readjusted.
Uterine relaxation was optimized by the use of nitroglycerin, and from this moment,
maternal haemodynamics were carefully controlled by fluid infusion and the use of
inotropic agents. Fetal heart rate was continuously monitored by ultrasound, and an
umbilical artery Doppler was checked throughout the procedure. 5. Two
neurosurgeons operated on the fetus using a microscope while one of the fetal
medicine specialists carefully held and manipulated the fetus to properly expose the
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MMC (Figure 2). Because the size of the MMC was often larger than the hysterotomy
orifice, the fetus had to be constantly and carefully moved so that a specific portion of
the lesion could be observed by the neurosurgeons. 6. The neural placode was
dissected, and the defect was closed in separate layers (Figure 2). 7. Uterine suture
was performed in two layers (Figure 2), and before the last stitch was tightened, the
physiologic solution was returned to the amniotic cavity until the amount of fluid was
considered normal according to ultrasound. 8. After the surgery, the patient was kept
in the intensive care unit for at least 12 hours and then transferred to a common
infirmary, where she was kept under observation for at least three days. 9. Nifedipine
(20 mg tid) and vaginal progesterone (200 mg) were used from the end of the surgery

until delivery.

After hospital discharge, the patient was maintained in close proximity to the institution
where delivery was planned to occur, and the patient was evaluated every two weeks
by a maternal-fetal medicine specialist until the end of the pregnancy.

The following variables were evaluated: maternal and fetal characteristics at the time
of surgery, such as maternal and gestational ages; previous history of neural tube
defects; parity; body mass index; upper level position of the MMC; the presence of
ventriculomegaly, inferior limb deformity and normal movements (subjective
evaluation); the size of the lateral ventricle; and placental position. Perioperative
variables, such as the hysterotomy length (incision size); total operative time (maternal
skin-to-skin); duration of the fetal surgery; the occurrence of maternal and/or fetal
complications during and/or after the surgery; and total length of stay in the hospital.
Variables obtained from the maternal hospital discharge after fetal surgery until
delivery included changes in the fetal ventricle size; the reversal of the Chiari Il
malformation; the presence of fetal inferior limb deformities and movements (subjective
evaluation); the occurrence of chorioamniotic separation, fetal death and PPTRM; GA
at PPTRM; and the time intervals between fetal surgery and birth and between PPTRM
and delivery. Peripartum variables included GA at the time of delivery; the occurrence
of maternal and/or fetal complications during the caesarean section; the condition of
the hysterorrhaphy site; and the neonatal Apgar scores and weight. Neonatal variables
until hospital discharge, such as the condition of the scar at the MMC repair site; the
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results of the transfontanelar ultrasound and/or brain MRI scans; the need for
ventriculoperitoneal shunting; global and motor neurological status; the occurrence of
neonatal death or any other complication; and total length of stay in the hospital were
recorded.

Fetal ventriculomegaly was diagnosed when the width of the lateral ventricle at the
level of the parieto occipital fissure was greater than 10 mm. The largest measurement
between the two sides was considered for analysis. During the follow-up after fetal
surgery, a significant change was defined as a difference of more than 1 mm in the
lateral ventricle diameter from the time of surgery to the last ultrasound evaluation
before delivery.

A complete reversal of the fetal Chiari Il malformation after MMC repair was recorded
when both normal anatomy and measurements of the cerebellum (transverse
cerebellar diameter and craniocaudal diameter of the vermis) were obtained by
ultrasound. In addition, the cerebellum and the pons were required to be located
completely above the foramen magnum in a midsagittal view of the brain, and the
cisterna magna had to be measurable in a standard suboccipital view. A partial
reversal of the Chiari |l malformation was defined when the cerebellum fastigium was
visible above the foramen magnum in a midsagittal view by ultrasound but portions of
the cerebellum could still be observed below the level of the foramen magnum. In
addition, improved visualization of the transverse cerebellum anatomy in relation to the
preoperative image was required. The cisterna magna was obliterated and therefore

was not measurable.

Continuous variables were described using averages and standard deviations (SD) or
medians and ranges when appropriate, and categorical data were described using
absolute and relative frequencies. The Statistical Package for the Social Sciences
(SPSS, Chicago, IL, USA), version 21.0, was used for the analyses.
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Results

During the study period, 45 women underwent fetal surgery for MMC through a mini-
hysterotomy. A complete multilayer correction of the fetal defect was possible in all of
the cases. No maternal or fetal complications occurred during or after fetal MMC
correction until maternal hospital discharge, apart from one case (1/45 — 2.2%) of
pneumonia that was most likely acquired prior to maternal admission. Two patients
(2/45 — 4.4%) reported a previous sibling with NTD. At the time of this analysis, 39
women (39/45 — 86.6%) had delivered. Maternal and fetal characteristics at the time
of MMC repair are described in table 1. Considering all of the cases, the mean GA at
surgery was 24.5 weeks (SD: 1.7; range: 20.7 — 26.9). The most frequently observed
upper anatomical levels of the lesions were from L1 to L4. Thirty-two fetuses (32/45 —
71.1%) exhibited ventriculomegaly, and the average lateral ventricle diameter was 11.4
mm (SD: 3.1; range 4.0 — 20.0). The majority of the fetuses (34/45 — 77.8%) had
apparently normal inferior limb movements, and 42.2% (19/45) presented with inferior
limb deformities, mainly clubfoot.

The perioperative variables were similar considering all of the patients and only those
who have delivered. The median hysterotomy length was 3.05 cm (SD: 0.39; range:
2.50 — 3.50). The total operative time and time taken to perform the MMC repair were
3.44 h (SD: 0.71; range: 1.50 — 4.57) and 1,90 h (SD: 0,72; range: 0.50 — 3.50),
respectively. The average maternal length of stay in the hospital was 3.55 days (SD:
1.56; range: 4 — 11).

Variables obtained from maternal hospital discharge after fetal surgery to delivery are
presented in table 2. There were no fetal demises and only one patient (1/39 — 2.6%)
experienced chorioamniotic separation, which was not followed by olygohydramnios.
There was a decrease or stabilization in the fetal cerebral lateral ventricle size in 22
cases (22/39 — 56.4%), and 34 fetuses (34/39 — 87.1%) exhibited a complete or partial
reversal of the Chiari Il malformation. The average time interval from fetal surgery to
delivery was 10.9 weeks (SD: 2.3; range: 5.7 — 17.9). Nine patients (9/39 — 23.1%) had
PPTRM at a median GA of 34.1 weeks (range: 31.1 — 36.0). No patients delivered
more than one week after the rupture of the membranes.

Artigo 14



Peripartum variables are presented in table 3. All deliveries occurred by caesarean
section at an average GA of 35.3 weeks (SD: 2.2; range: 27.9 — 39.1). The indications
for delivery included signs of labor and/or rupture of membranes in 36 patients (36/39
— 92.3%), severe pre-eclampsia in two patients (2/39 — 5.2%) and placental abruption
in one patient (1/39 — 2.6%). There were no fetal or neonatal deaths and no cases of

maternal bleeding requiring transfusion.

The neonatal variables until hospital discharge are displayed in table 4. All neonates
survived, and the median length of stay in the hospital was 5 days (range: 2 - 75). Two
neonates (2/39 — 5.1%) exhibited partial skin dehiscence at the repair site with no fluid
leakage; one neonate required complementary repair. Thirty-seven neonates (37/39 —
94.9%) underwent transfontanellar ultrasound and/or MRI scans. Information about the
Chiari Il malformation obtained by MRI was available for 35 neonates. Complete and
partial reversal of the Chiari Il malformation was observed in 33.3% (13/39) and 43.6%
(17/39) of cases, respectively. Ventriculoperitoneal shunt placement was necessary
for 7.7% (3/39) of the neonates. Unilateral or bilateral clubfoot and normal inferior limb
movements and strength were observed in 22 (22/39 — 56.4%) and 18 (18/39 - 46.2%)
neonates, respectively. Five neonates (5/36 — 12.8%) presented with neurogenic
bladder, and one neonate had necrotizing enterocolitis requiring segmental

enterectomy.

Discussion
This study demonstrated that fetal MMC repair through a mini-hysterotomy is feasible
and safe for the mother, the fetus and the neonate.

The rationale for fetal MMC correction originated in the two-hit hypothesis, which
proposes that the neurological damage of this disease is primarily due to abnormal
embryonic development followed by chronic exposure of the neural tissue to the
intrauterine environment [13-15]. This theory has led to a series of experimental
studies in animals and humans, which demonstrated in-utero reversal of the Chiari Il

malformation after fetal NTD correction [16-19].
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The assumption that fetal MMC correction could improve postnatal neurological
outcomes compared to neonatal surgery was confirmed by the results of the MOMs
trial (Management of Myelomeningocele study) [1]. After a 30-month follow-up period,
a significant reduction in the need for ventriculoperitoneal shunting was observed in
the fetal surgery group (40%) in comparison to children undergoing surgery after birth
(82%), due to prenatal reversal of the Chiari Il malformation. Children who underwent
intrauterine surgery had a significantly higher chance of walking independently and a
significant improvement in neurological scores when compared to children undergoing
operations in the neonatal period. Despite the presence of favorable outcomes for the
children, prenatal surgery was associated with a higher maternal morbidity, evidenced
by the rates of PPTRM (46%), preterm labor (38%), complete or partial dehiscence of
the hysterorrhaphy (30%), chorioamniotic separation (26%), the need for maternal
blood transfusion at delivery (9%) and acute pulmonary edema (6%).

Focusing mainly on the reduction of maternal morbidity, we aimed to minimize the size
of the hysterotomy so that the NTD could be repaired as was performed in the MOMs
trial. The main differences in fetal access were the size of the hysterotomy (present
study: 2.5 — 3.5 cm; MOMs trial: 6.0 to 10 cm) and the fact that we did not use staplers
to secure the borders of the hysterotomy. Instead, after the myometrium was incised
using an electric blade, the membranes were attached to the inner third of the incised

tissue using a running suture.

We compared our data (39 cases with neonatal results) to data from the post-MOMs
experience, which focused on the perinatal results rather than on a longer-term follow-
up of the infants. Our inclusion criteria for fetal MMC repair were comparable, as were
most of the maternal and fetal characteristics at the time of fetal surgery, summarized
as follows (present series x post-MOMs experience): average GA at surgery (23.3 x
24.5 weeks); most frequent upper level of the MMC (L1 —L4: 74.2% x 87.0%); average
size of the larger lateral cerebral ventricle (11.3 x 10.6 mm); and presence of talipes
(38.5% x 15.0%).
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In terms of perioperative variables, there were differences in total operative time (3.44
x 1.31 h), the frequency of patch use (0.0% x 20%) and the need for fetal resuscitation
(0.0% x 5.0%). Most likely, the longer operative time in the current study reflected our
decision to not use staplers and patches. This decision could support our purpose to
demonstrate that fetal MMC correction is feasible through a smaller hysterotomy, even
for more challenging (larger) defects. One observation that we cannot fully explain is

the lack of cases requiring fetal resuscitation in our series.

Concerning the variables evaluated from the time of maternal hospital discharge to
delivery, the rates of PPTRM (23.1% x 32.3%) and chorioamniotic separation (2.6% x
22.9%) were lower in the current study. This finding can be attributed to not only the
size of the hysterotomy but also to the way in which the membranes are attached to
the myometrium. In the current study, 22 (22/39 - 56%) fetuses experienced a
decrease or stabilization in the lateral ventricle size, and 34 (34/39 - 87.1%) exhibited

a complete or partial reversal of the Chiari Il malformation.

Despite a similar average GA at delivery (35.3 x 34.3 weeks), the distribution of
deliveries according to GA intervals was different. The rate of late preterm deliveries
(after 34 complete weeks) was higher in the current study (82.2 x 54.2%), and only
5.1% (2/39) of our patients delivered before 32 weeks (one at 27.9 weeks, and the
other at 31.9 weeks). In the post-MOMs evaluation, there were four (4/96 — 4.2%)
extreme preterm deliveries, which occurred two weeks after the fetal MMC repair. In
the present study, similar to the post-MOMSs evaluation, the average time interval
between fetal surgery and birth was approximately 11 weeks. However, none of our
patients delivered less than 5.7 weeks after the MMC repair. Two other aspects that
deserve recognition are perinatal mortality and dehiscence at the hysterotomy site
observed at delivery. In the current study, there were no perinatal deaths (versus 6.1%
in the post-MOMs experience) and 94.9% (37/39) of our patients had an intact
hysterotomy site at delivery (versus 50.6 in the post-MOMs experience). The impact

of the lower incidence of uterine scar dehiscence on future pregnancies is unknown.
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The only important difference in the neonatal variables was the rate of
ventriculoperitoneal shunt placement prior to hospital discharge, which was higher in
the current study than in the post-MOMs evaluation (7.7% x 2.4%). Interestingly, the
rates of complete or partial reversal of the Chiari || malformation on the MRI scans in
both studies were similar (76.9% x 79.5%). One explanation could be that in in the
present study, the neonates were followed by different neurology teams using different
criteria for the indication of ventriculoperitoneal shunting. The values in the current
study are still within an acceptable shunt rate, which will be re-evaluated in at least 30
months to determine if it approaches the results reported in the MOMs trial.

The frequency of major adverse events, such as maternal pulmonary edema, the need
for maternal transfusion at the time of fetal surgery or delivery, the need for fetal
resuscitation, or the incidence of fetal or neonatal death, was 17 among 100 cases in
the post-MOMs experience, whereas only one (1/39 — 2.6%) of our patients
experienced placental abruption close to the time of delivery.

The main weaknesses of our study are the small number of patients, the short follow-

up period and uneven criteria for ventriculoperitoneal shunting.

In conclusion, we propose that fetal MMC repair is feasible through a mini-hysterotomy.
This approach appears to be associated with reduced risks of very preterm delivery
and maternal, fetal and neonatal complications when compared to the classical
hysterotomy procedure for fetal MMC repair.
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Table 1. Maternal and fetal characteristics at the time of myelomeningocele repair

Maternal characteristics

Delivered
n = 39/45 (86.6%)
30.1 (5.7); 18.7-43.0
26.8 (4.7); 19.5-36.4

All cases
n=45
29.6 (5.7); 18.2-43.0
26.6 (4.5); 19.5-36.4

Age, years — Average (SD); range

BMI — Average (SD); range

Parity — n (%)
Multiparous 32(71.1)

Nuliparous 13 (28.9)

29 (74.4)
10 (25.6)

Gestational age, weeks — Average (SD); range 24.5(1.7); 20.7 - 26.9

245 (1.8); 20.7 — 26.9

Fetal and placental characteristics

MMC upper anatomical level — n (%)

T10/T12 3(6.7) 3(7.6)
L1/L2 14 (31.1) 12 (30.7)
L3/L4 17 (37.8) 17 (43.5)
L5/S1 11(24.4) 7(17.9)
Presence of ventriculomegaly — n (%) 32 (71.1) 26 (66.6)
Lateral ventricle diameter, mm — Average (SD); range 11.4 (3.1); 4.0 -20.0 11.3 (3.2); 4.0 -20.0
Presence of inferior limbs’ deformity — n (%) 19 (42.2) 15 (38.5)
Presence of inferior limbs’ movements — n (%) 35 (77.8) 30 (76.9)
Placental position — n (%)
Anterior 20 (44.4) 18 (46.2)
Posterior 22 (48.9) 20 (51.3)
Other 3(6.7) 1(2.6)

Table 2. Variables evaluated from fetal myelomeningocele repair until delivery

Variables from fetal surgery to delivery n =39
Change in fetal cerebral lateral ventricle size — n (%)

Increased 17 (43.6)
Decreased 6 (15.4)
Stabilized 16 (41.0)

Reversal of the Chiari Il malformation — n (%)
Complete 10 (25.6)
Partial 24 (61.5)
None 5(12.8)
Presence of inferior limbs’ deformity — n (%) 14 (35.9)
Presence of inferior limbs’ movements — n (%) 28 (71.8)

Time interval between fetal surgery and delivery, weeks — Average (SD); range 10.9 (2.3); 5.7-17.9

Premature preterm rupture of membranes — n (%) 9(23.1)
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Table 3. Peripartum variables

Peripartum variables n=39
Gestational age at delivery weeks — Average (SD); range 35.3 (2.2; 27.9-39.1)
> 36" weeks — n (%) 9(23.1)
34"° — 36" weeks — n (%) 23 (59.1)
32"° - 33" weeks — n (%) 5(12.8)
< 32" weeks — n (%) 2(5.1)
hysterorrhaphy
Intact — n (%) 37 (94.9)
Complete dehiscence — n( %) 0(0.0)
Partial dehiscence — n (%) 2(5.1)
Thinning — n (%) 0(0.0)
Neonatal Apgar scores
1% minute — Median (range) 8(7-10)
5™ minute — Median (range) 9(8-10)
Neonatal weight, grams — Average (SD) 2493 (531; 1100 - 3740)

Table 4. Neonatal variables until hospital discharge

Neonatal variables n =39
Reversal of the Chiari Il malformation on MRI — n (%)
Complete 13 (33.3)
Partial 17 (43.6)
None 5(12.8)
Not imaged 4 (10.3)
Ventriculoperitoneal shunting — n (%) 3(7.7)
Presence of clubfoot — n (%) 22 (56.4)
Inferior limb movements — n (%)
Normal 18 (46.2)
Reduced 16 (41.0)
None 5(12.8)
Other complications — n (%)
Neurogenic bladder 5(12.8)
Peri intraventricular haemorrhage 1(2.6)
Necrotizing enterocolitis 1(2.6)
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Figure 1. a. The aspect of the mini-hysterotomy after the membranes are
sutured to the inner third of the myometrium. b. Microscope view of the
fetal myelomeningocele after placement of the Ankeney® retractor.

. Alacode

Figure 1
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Figure 2. a. Microscope view of the fetal myelomeningocele correction

via mini-hysterotomy. b. Final aspect of the hysterorrhaphy.

Figure 2
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4. Conclusao

A corregao da MMC fetal através da mini-histerotomia foi possivel em todos

0s casos, 0 que demonstra a viabilidade técnica da cirurgia.

A correcdo da MMC fetal através da mini-histerotomia desmonstrou-se
segura para a gestante e o feto, ndo tendo sido observadas complicagbes graves intra

ou pds-operatorias.

N&o houve complicagbes graves maternas ou neonatais decorrentes da

correcdo da mielomeningocele fetal por meio da mini-histerotomia.
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6. Anexos

6.1 — Parecer da Comissao de Pesquisa do DTG/CAISM

Cneanms Comisséo de Pesquisa do DTG / CAISM

Campinas, 09 de junho de 2016.
Protocolo n°: 34/2016

O protocolo de pesquisa “Avaliagdo dos resultados cirdrgicos e perinatais da
correlagao da mielomeningocele fetal por meio da mini-histerotomia” do pesquisador
Rafael Davi Botelho, foi aprovado pela Comissao de Pesquisa do DTG/CAISM em
09/06/2016.

Atenciosamente,

M,';,u‘\f\\‘ \:V\-{A_l- { 1’__/4_/(,[,(2\)\5‘\{' “ ‘1‘ 2
PROF-DR.|LUIZ CARLOS ZEFERINO
Presidente da Comissao de Pesquisa do DTG/CAISM

Rua Alexander Flemming, n.°101 - Cidade Universitaria Zeferino Vaz = Campinas-SP
Fone: (19) 3521-9400
comissaopesquisa@caism.unicamp.br
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6.2 — Parecer da Comissao de Pesquisa do Hospital do Coragao — HCOR

P coconss  HOSPITAL DO CORAGAO/
e HCor ASSOCIAGAO DO SANATORIO QBroa ™
- Mor SIRIO - ASS

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Avaliagdo dos Resultados Cirargicos e Perinatais da Corregdo da Mielomeningocele
Fetal Por Meio da Mini-Histerotomia

Pesquisador: RAFAEL DAVI BOTELHO

Area Tematica:

Versdo: 2

CAAE: 55497916.7.0000.0060

Instituicao Proponente: Hospital do Coragéo/ Associacéo do Sanatério Sirio
Patrocinador Principal: Hospital do Coracdo/ Associagdo do Sanatério Sirio

DADOS DO PARECER

Numero do Parecer: 1.536.963

Apresentacao do Projeto:

A mielomeningocele acomete cerca de 1/1000 nascidos vivos no Brasil. Segundo os resultados do ensaio
clinico randomizado conhecido como MOMs trial (Management of Myelomeningocele Study — A randomized
trial of prenatal versus postnatal repair of myelomeningocele, N Engl J Med. 2011, 17;364:993-1004), a
corregd@o do defeito no feto permite melhores resultados neurolégicos pés-natais do que os obtidos com a
cirurgia neonatal. No entanto, a cirurgia fetal, classicamente realizada através de histerotomia corporal com
6 — 10 cm de comprimento, oferece riscos a gestante. Estes riscos (sangramento materno, descolamento de
placenta, rotura prematura pré-termo de membranas e trabalho de parto pré-termo)

tém dificultado a disseminagao da técnica em todo o mundo. Assim sendo, o objetivo principal do presente
estudo é descrever os resultados cirargicos e perinatais da correcdo da mielomeningocele fetal realizada
através de histerotomia corporal com extensdo maxima de 3,5 cm. A modificagéo técnica (tamanho da
incisdo no Gtero) em relagdo a histerotomia classica utilizada no MOMs trial.

Objetivo da Pesquisa:

Objetivo Primario:

Avaliar a viabilidade da corregédo da mielomeningocele fetal através da mini-histerotomia e os resultados
perinatais desta cirurgia.

Enderegco: Rua Abrdo Dib, 50 - Térreo

Bairro: Paraiso CEP: 04.004-030
UF: SP Municipio: SAO PAULO
Telefone: (11)3886-4688 Fax: (11)3886-4689 E-mail: etica.pesquisa@hcor.com.br
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;‘* wueoconss  HOSPITAL DO CORACAO/
’
o SIRIO - ASS

HC()I" ASSOCIACAO DO SANATORIO W mo

Continuagéao do Parecer: 1.536.963

Objetivo Secundario:

Descrever a viabilidade da correcdo da mielomeningocele fetal através da mini-histerotomia.

Descrever as complicagdes perioperatérias associadas a corre¢cdo da mielomeningocele fetal através da
mini-histerotomia.

Descrever as complicagdes perinatais apés a corre¢cdo da mielomeningocele fetal através da mini
histerotomia.

Avaliacao dos Riscos e Beneficios:

Beneficios: A mini-histerotomia para corregdo da mielomeningocele fetal associa-se a menos riscos de
complicacdes perioperatorias do que os observados apos a histerotomia classica descrita no MOMs trial.
Risco minimo por se tratar de estudo retrospectivo.

Comentarios e Consideracoes sobre a Pesquisa:

Estudo observacional descritivo retrospectivo no qual os resultados perioperatérios e perinatais da corregéo
da mielomeningocele fetal através da mini-histerotomia serédo avaliados por meio de reviséo dos prontuarios
médicos das gestantes e dos recém-nascidos.

Os dados obtidos dos prontuarios das gestantes e dos recém-nascidos seréo registrados em uma planilha
do programa Excel para Windows (Microsoft® Corporation, Redmond, WA, E.U.A.).

Consideracdes sobre os Termos de apresentacao obrigatéria:
Adequadamente apresentados, alteragédo solicitada efetuada.

Recomendacoes:

Sem recomendagdes.

Conclusodes ou Pendéncias e Lista de Inadequacoes:

Sem pendéncia.

Consideracoes Finais a critério do CEP:

O CEP HCor informa que a partir desta data de aprovacao, é necessario o envio de relatorios semestrais (no
caso de estudos pertencentes & area tematica especial) e anuais (em todas as outras situagées). E também
obrigatério, a apresentagéo do relatério final, quando do término do estudo.

Endereco: Rua Abrao Dib, 50 - Térreo

Bairro: Paraiso CEP: 04.004-030
UF: SP Municipio: SAO PAULO
Telefone: (11)3886-4688 Fax: (11)3886-4689 E-mail: etica.pesquisa@hcor.com.br
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” HOSPITAL DO CORACAOQ/

iy X - Plataforma
e HCor ASSOCIAGAC DO SANATORIO g@m
SIRIO - ASS
Continuagéo do Parecer: 1.536.963
Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacdo
Informag6es Bésicas| PB_LINFORMACOES_BASICAS_DO_P | 10/05/2016 Aceito
do Projeto ROJETO_705253.pdf 09:09:26
Projeto Detalhado / | Projeto_Meningomielocelele1.pdf 26/04/2016 |RAFAEL DAVI Aceito
Brochura 14:54:.06 |BOTELHO
Investigador
Folha de Rosto fls_rosto_plataformabrasil_meningomiel | 26/04/2016 |RAFAEL DAVI Aceito

ocele.pdf 14:53:28 [BOTELHO
TCLE / Termos de | Aspectos_eticos_Justificativa_de_ausen| 25/04/2016 [RAFAEL DAVI Aceito
Assentimento / cia_de_termo_de_consentimento.pdf 22:19:57 |BOTELHO
Justificativa de
Auséncia
Cronograma CRONOGRAMA pdf 25/04/2016 |RAFAEL DAVI Aceito
22:14:48 |BOTELHO
Outros TERMO_DE_COMPROMISSO_DE_UTI| 25/04/2016 |RAFAEL DAVI Aceito
LIZACAO_DE_DADOS.pdf 22:12:53 |BOTELHO
Outros Cadastro_dos_Pesquisadores.pdf 25/04/2016 |RAFAEL DAVI Aceito
22:10:18 |BOTELHO
Outros ANUENCIA_DA_AREA_ENVOLVIDA.pd| 25/04/2016 |RAFAEL DAVI Aceito
f 22:05:24 |BOTELHO
Declaracdo de DECLARACAO_DE_RESPONSABILIDA| 25/04/2016 |RAFAEL DAVI Aceito
Pesquisadores DE_DO_INVESTIGADOR_PRINCIPAL. 21:41:39 |BOTELHO
Declaracéo de DECLARACAO_DE_INFRA_ESTRUTU | 25/04/2016 |RAFAEL DAVI Aceito
Instituicéo e RA.pdf 21:40:07 |[(BOTELHO
Infraestrutura
Brochura Pesquisa | Projeto_Meningomielocelele.pdf 25/04/2016 | RAFAEL DAVI Aceito
21:35:42 |BOTELHO

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:

Nao
SAO PAULO, 10 de Maio de 2016
Assinado por:
Sergio Domingos Vieira

(Coordenador)
Endereco: Rua Abréo Dib, 50 - Térreo
Bairro: Paraiso CEP: 04.004-030
UF: SP Municipio: SAO PAULO
Telefone: (11)3886-4688 Fax: (11)3886-4689 E-mail: etica.pesquisa@hcor.com.br
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