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Objective, Setting and Participants 

 

Evidence suggests that prenatal surgery for spina bifida aperta (SBA) may confer an 

improved outcome(1). Available interventions are however not without fetal and 

maternal risks. The purpose of this conference was to bring together those skilled in 

prenatal open or minimally invasive fetoscopic SBA repair and standard postnatal 

repair to allow description of the current evidence for perinatal management of spina 

bifida. The conference also aimed to reach a consensus regarding clinicians’ 

approach to counselling and to identify future areas of research.  

 

In the North and South of Ireland, the incidence of spina bifida is high (approximating 

50 live births per year).The conference was held on Tuesday the 7th of June 2016 in 

the Emeleus lecture theatre at Queen’s University, Belfast, Northern Ireland. The 

meeting was organised by SHINE, the spina bifida charity in the UK.  

 

Invited speakers included fetal surgeons experienced in open and minimally-invasive 

fetal surgery for spina bifida and paediatric neurosurgeons performing postnatal 

repairs. Additional lectures were given by a neonatologist, a paediatric neurologist 

and an obstetrician experienced in clinical trials and systematic reviews. Mothers 

who had experienced prenatal surgery were also interviewed.  

 

Participants included fetal medicine specialists, neonatologists, paediatricians, 

paediatric surgeons, urological surgeons, orthopaedic surgeons, neurosurgeons, 

neurologists, radiologists, general practitioners, public health specialists, 

statisticians, physiotherapists, occupational therapist, midwives, nurses and 

radiographers. There were 130 participants in total from Ireland, the UK, and other 

European countries.  

 

The morning session opened with a summary of the Management of 

Myelomeningocele Study (MoMs) and ancillary papers. This was followed by the 

Polish experience of open prenatal surgery and the German experience of fetoscopic 



 

3 
 

surgery. The neonatal outcomes after fetoscopic surgery were presented by a 

neonatologist. In addition, a paediatric neurologist argued that not all complications 

of spina bifida can be alleviated by prenatal surgery.  

 

The afternoon session commenced with the Belgian experience of open prenatal 

surgery and challenges associated with follow-up and delivery in other units. This 

was followed by the German referral pathway for fetoscopic surgery. A comparison 

between open and fetoscopic surgery was presented followed by a presentation 

outlining the difficulties in evaluating novel surgical procedures.  

 

Central to the conference was hearing first-hand the experience of mothers and their 

families who had been affected by SBA. Two women who experienced fetoscopic 

prenatal surgery gave testimonies and were interviewed at the conference using a 

standardised questionnaire. They also brought their baby/ child to the meeting. One 

woman who experienced open prenatal surgery, but was not able to attend, 

answered questions from the same standardised questionnaire and presented a 

video of her child demonstrating her experience and her child’s progress 

postoperatively. All three women were very positive about their experience and 

spoke highly of the staff in the respective prenatal surgical units.  

 

The evening session was chaired by a fetal medicine specialist experienced in 

clinical trials. The audience also debated the future of research into the management 

of SBA.  

 

 

 

Summary of MoMs trial 

 

A summary of the MoMs (Management of Myelomeningocoele study) randomised 

trial was presented by Dr Kelly-Ann Eastwood (clinical research fellow), which 

indicated a reduction of need for shunting and an improvement in hindbrain 

herniation by 12 months of age for women that had prenatal surgery(1). Prenatal 

surgery also resulted in improvement in the composite score for mental development 
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and motor function at 30 months. Dr Eastwood presented additional publications 

from the MoMs team, reporting on urinary function(2) and on requirement for 

shunting as a function of ventricular dilatation(3). The main benefit of fetal surgery is 

related to the level of the lesion and ventricular size(3). It is also apparent that a 

posterior ventricular width of >15mms confers no improvement in postnatal shunting 

although other outcomes remain. 

 

The MoMs 2 trial will study the longer term effects of fetal surgery as well as the 

reproductive health of the mother.  

 

 

 

Is open prenatal surgery the obvious choice ? 

 

Professor Janusz Bohosiewicz (paediatric surgeon and fetal surgeon) and Dr 

Agnieszka Pastuszka (paediatric urologist and fetal surgeon) from Poland presented 

their experience of open fetal surgery for spina bifida in 69 cases operated on 

between 2005 and 2014. Prerequisites for surgery included: Chiari II malformation, 

evidence of hindbrain herniation, absence of other congenital malformation and 

gestational age between 20 and 26 weeks. The group initially used magnesium 

sulphate for tocolysis, but more recently adopted the use of nifedipine as this was 

associated with fewer complications. The team reported that neonatal outcomes 

from their most recent case series were comparable to that of the MoMs trial(4). 

Shunt dependent hydrocephalus at age 12 months was 21 % in comparison to 52% 

in neonates operated on postnatally. Preliminary data suggesting improvement at 

two years for those receiving prenatal surgery was also presented.  

 

Post-operative urological results were presented: no difference was found in 

urodynamic tests or cysto-urethrography between the prenatal and postnatal groups. 

However, children who were operated on prenatally were ‘socially’ more continent 

than those operated on postnatally. Similar results were reported for post-operative 

bowel function. The Polish group argued against fetoscopic surgery as they felt this 

did not achieve the anatomical closure achieved by standard postnatal surgery.  
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Comment was made on the high fetal mortality at the beginning of the Polish 

program. However this has improved significantly in recent years. There were no 

serious incidences of maternal morbidity or mortality.  

 

 

 

Does minimally invasive fetoscopic surgery achieve the same 

outcome with less maternal morbidity ?  

 

The ‘two hit hypothesis’ in spina bifida was re-iterated by Professor Thomas Kohl 

(fetal surgeon). If the defect is closed early, normal distribution of cerebrospinal fluid 

is restored, thereby correcting hindbrain herniation and improving 

neurodevelopment. The fetoscopic technique of ‘single or double patch closure’ with 

a collagen patch or a collagen patch-over-teflon-patch(5) with minimal morbidity to 

the mother(6) was described by Professor Kohl. For this procedure, the fetus is 

reached via three trocars with an external diameter of 5mm, obviating the need for 

maternal laparotomy and hysterotomy.  

 

Challenging the belief that open fetal surgery may be better for the fetus because it 

provides anatomical closure of the SBA, as recommended in standard postnatal 

surgery; an experimental study in sheep was cited by Professor Kohl. In this study by 

Pedreira and colleagues from Sao Paulo, the standard postnatal approach was 

associated with additional damage to the neural placode in contrast to a simplified 

fetoscopic approach(7).  In the later part of the German series from July 2010 to 

2014 there were no procedure related losses in 71 cases, with results apparently 

comparable to the MoMs trial(8). The most common complication was amniotic fluid 

leakage and preterm delivery, the latter occurring at an average of 33 weeks of 

gestation(5).  Postnatal demise were attributed to infection (2 cases), trisomy 13 (1 

case) and brain-stem dysfunction from severe hind brain herniation (4 cases). The 

fee for the fetoscopic procedure is €5,500 for women outside of Germany. The total 

admission cost is €14,000. For German residents, the procedure is paid for by a 

special health insurance program (NUB).  
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Professor Kohl voiced his personal view that in countries where the laws on 

termination of pregnancy are restrictive, the state has a moral obligation to provide 

funding for prenatal surgery if this is not available locally. This view was not shared 

by all speakers.  

 

 

 

Evaluating neurological outcome following fetoscopic surgery 

  

The aetiology of spina bifida and associated morbidity, for example, ventriculitis and 

meningitis was discussed by Professor Axel Heep (consultant neonatologist). There 

is a wide variation between segmental anatomical lesions (as assessed with 

ultrasound and/or MRI) and functional neurological outcome. When comparing 

children that had undergone fetoscopic closure in Germany during pregnancy with 

lesion height-matched control groups of postnatally operated children, there was a 

statistically significant better sensory and motor function in the fetoscopic group, with 

better preservation of knee jerk and anal reflexes. In addition, there was a 50% lower 

prevalence of shunt dependent hydrocephalus (9). These results are consistent with 

findings from the MoMs trial.  

 

 

 

Neuropathology of pre-existing lesions and why prenatal surgery 

may not improve outcome in all cases  

 

Dr Deborah Sival (consultant in paediatric neurology) explained that in fetal SBA , 

prenatal surgery may not cure all pre-existing neuro-developmental pathology. After 

incomplete closure of the neural tube, successive neuro-developmental 

abnormalities (such as ependymal denudation, neuronal stem cell loss, impaired 

neuronal migration and aberrant segmental spinal blood vessels)(10) are unlikely to 

be reversed by fetal surgical closure(9). Although fetal surgery can prevent Chiari-2 

malformation, hydrocephalus and neurological consequences by avoiding the 

second hit of spinal damage, not all pre-existing neuropathology may be curatively 
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addressed by it. It has been previously shown that fetal surgery can result in motor 

function gain (equivalent to a median of 2 spinal segments)(9). In case of a 

myelomeningocele at a lumbar level, such a motor function gain could result in 

maintained ambulation. However, long term observational data from fetoscopic 

surgery are still incomplete and a randomised controlled study has not yet been 

performed. Analogous to the natural history of postnatally operated spina bifida 

aperta, it cannot be excluded that ambulation deteriorates when the child ages and 

increases in weight and length. Moreover, prenatally operated babies are at risk of 

loss of ambulation (related to de-tethering procedures, trauma, syringomyelia, 

arachnoid cysts, epidermoid tumours) in the same way as postnatally operated 

infants. Further research into the long-term outcome of prenatal surgery is therefore 

pertinent.  

 

 

 

Is the evidence for prenatal surgery lacking? Is standard postnatal 

surgery best for mother and baby?  

 

Currently, the almost unavoidable risks of prenatal surgery are preterm rupture of 

membranes and premature delivery. Despite these risks, regardless of an open or 

fetoscopic surgical approach, more than 85% of prenatally operated children with 

SBA are born beyond 30 weeks of gestation and half of them, beyond 33 weeks of 

gestation. With modern neonatal services, the risk of serious morbidity relating to 

prematurity at early gestations is relatively low.  

  

Dr Alyson Hunter (consultant in fetal medicine) explained that there are, additional 

but rare complications (<5%) including fetal death at surgery, serious maternal 

sepsis and haemorrhage. In earlier case series, fetal death rates seemed higher in 

fetoscopic surgery compared with open surgery. Recent data has not upheld this 

observation(8). The main complication of fetoscopic surgery is preterm rupture of 

membranes leading to a mean age of delivery that is approximately one week earlier 

than after open fetal surgery. For open fetal surgery, uterine scar dehiscence and 

rupture are major concerns.  
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An overview of standard postnatal surgery by Dr Roy McConnell (consultant 

neurosurgeon) included all cases of spina bifida in Northern Ireland over the past 15 

years. Comment was made on the follow up of two babies born in Belfast following 

fetocopic surgery abroad. Both babies developed meningitis and required shunting. It 

was concluded that more research is needed in this field and that both prenatal 

methods appear to be viable options. Following discussion, it was suggested that a 

two stage process: fetoscopic surgery combined with postnatal skin closure above 

the patch may represent a future advance in this field.  

 

 

 

Implementing open fetal surgery in collaboration with the referring 

unit 

 

An overview of spina bifida surgery in Belgium was provided by Professor Jan 

Deprest (consultant in fetal medicine and fetal surgeon). The role of tertiary centres, 

and diagnosis and training was discussed. A description was given of the framework 

of peri and postnatal management and the mixed training model where surgeons 

train on site (such as in the United States) and return to their index hospital with 

support from a visiting trainer(11). The Belgian unit adheres strictly to the same 

selection criteria used in the MoMs trial (Table 1). Recently, the upper body mass 

index limit has been raised from 35 to 40 kg/m2 as operator experience has 

improved. Women with a previous caesarean section are not excluded per se.  

 

The management protocol in Belgium was outlined;  a standard hysterotomy is 

performed and the neural tube surgery is performed by the neurosurgeon. Atosiban 

and nifedipine are used for tocolysis, succesfully reducing maternal side effects. In 

up to 20% of cases, a colloid patch is used instead of formal closure of the spina 

bifida defect. Women are referred back to their local institution for delivery, which is 

by elective caesarean section. Women are advised to allow two years before 

planning their next pregnancy. The unit in Belgium have a standardised information 

brochure and a standardised checklist for counselling. Their outcomes were similar 
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to the results obtained in the MOMs trial. This includes a 5% perinatal death rate, 

gestational age at birth of approx. 34 weeks of gestation, with 10% delivering at less 

than 30 weeks. The fee for the procedure is €2,800; the total admission cost is 

€9,500. Women from outside of Belgium are charged the same as a Belgian citizen 

with no additional fee payable. To date, all EU citizens have had their fee reimbursed 

by their local insurance companies. About 1:3 women who were referred for an 

opinion and who met the criteria for surgery subsequently declined fetal surgery after 

counselling. It was stated that in the future all women, including women who have 

had fetal surgery,  will ‘own’ a virtual electronic record which will enable improved 

follow up of these cases. This initiative was supported by delegates and it was 

proposed that a national registry for these cases should be instigated for fetuses 

operated by either open or the fetoscopic approach. 

 

Discussion took place regarding funding from local health boards for prenatal 

surgery, with some individuals advocating routine state funding and others opposing 

routine funding until further scientific evidence is available.  

 

 

 

Referral pathway and patient selection for fetoscopic surgery in 

Germany 

 

Professor Thomas Kohl (fetal surgeon) explained that at DFZT in Germany, there 

are strict prerequisites for surgery, including, a singleton pregnancy, a body mass 

index <40 kg/m2 and no risk of transmissible infection, such as HIV/Hepatitis. The 

pathway includes detailed counselling by the prenatal team, the neuropaediatrician 

and the prenatal surgical team.  The woman is provided with contact details to aid 

her in decision making. An outline of the admission procedure at 24 weeks gestation 

(prior to surgery) is provided. A description was given of the difficult choices women 

face when there are co-existing problems such as trisomy 21.  

 

There was a comment from the neurosurgical chair, Mr Darach Crimmins (consultant 

neurosurgeon) that the selection criteria for prenatal surgery – regardless if open or 
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fetoscopic- seemed to encompass the ‘easy’ patients. He observed that in these 

cases, postnatal surgery is also likely provide a good outcome, and that the most 

challenging patients from a neurosurgical point of view were in fact excluded from 

prenatal surgery.  

 

 

 

Systematic review of effects of open and & fetoscopic surgery 

 

An overview of open and fetoscopic techniques was presented by Professor Jan 

Deprest (consultant in fetal medicine and fetal surgeon). A comparison was made 

between different fetoscopic techniques from Germany, Brazil, USA and Spain. 

Fetoscopic surgery was compared to the techniques used in the MoMs trial (open 

fetal surgery), with reference to in-utero demise, maternal complications, uterine 

dehiscence, reversal of Chiari and shunt rate(12). It was concluded that with open 

repair there is conclusive evidence of a reduced shunt rate and neuroprotection. 

However, open surgery has significant maternal morbidity and implications for the 

next pregnancy. Fetoscopic surgery has a reduced risk of maternal morbidity, but 

takes longer and has a higher initial failure rate. Fetoscopic surgery also has a 

longer learning curve, higher rate of premature rupture of membranes and a slightly 

earlier delivery rate. There are also no controlled series comparing fetoscopic 

surgery to expectantly managed cases or to open surgery.  

 

 

 

Interpreting the evidence from systematic reviews of novel surgical 

techniques 

 

Evidence based medicine in surgical interventions was discussed by Dr Katie Morris 

(consultant in fetal medcine). A description was provided of the barriers to 

conducting randomised controlled trials in evaluation of novel surgical techniques. 

These included: operator learning curves, standardisation, evolution of surgical 

technique and funding. Systematic reviews are a powerful tool to assess evidence 
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but the results are limited by the power of the included studies(13; 14). The 

parameters to be met for fetal intervention include accurate diagnosis and 

differentiation from other nonsurgical conditions, and the risk of severe debilitating 

disease if left untreated. Examples of trials of surgical interventions in fetal medicine 

were cited(15; 16).  

 

 

 

What research do we need and what should we tell women? 

 

Professor Zarko Alfirevic (consultant in fetal medicine) chaired the final session 

where discussion took place regarding a randomised controlled trial of fetosocopic 

surgery vs. open fetal surgery and the outcome measures required. It became clear 

that even for established postnatal surgical techniques in children with spina bifida, 

there remain no standardised methods of reporting outcome. The audience was 

unanimous regarding prenatal counselling of women who have pregnancies 

complicated by SBA; it was felt that women with a diagnosis of fetal spina 

bifida should be informed that prenatal surgery is an alternative option to 

standard postnatal surgery. 

 

 
 
Implications for current practice  

 

1) The outcome of postnatal surgery must be reported in a standardised manner.  

2) Further data is required regarding the long term neonatal outcome following open 

prenatal surgery (MoMs 2 trial). 

3) Further data is required regarding the long term maternal outcome and impact on 

future pregnancy following open prenatal surgery.  

4) Pregnant women with a fetus known to have spina bifida should be counselled 

that prenatal surgery is an option in specific circumstances.  
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Research recommendations 

 

5) Further and controlled data is required regarding the medium and long term 

outcome following fetoscopic surgery. 

6) Agreed definitions of important child outcomes reflecting quality of life are required 

from a modern series of postnatally corrected lesions to allow comparison with fetal 

surgery. 

7) Consideration should be given to the concept of fetoscopic surgery followed by 

additional surgical skin closure above the patch postnatally.  

8) Standardised outcome measures of fetoscopic, open and postnatal surgery 

should be agreed so that these outcomes can be compared.  

9) Good quality observational studies of open, fetoscopic and postnatal surgery 

using standardised outcome measures are required prior to a further randomised 

controlled trial. This will also allow refinement of surgical technique such as 

fetoscopic surgery in conjunction with postnatal skin closure above the patch.   

10) After accomplishing the points 1) to 9), consideration should be given to a 

randomised controlled trial comparing fetoscopic and open prenatal surgical repair 

(although good quality observational data may make a randomised trial ethically 

impossible to perform).  
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Table 1) Selection criteria for open fetal surgery for myelomenigocoele in 

Belgium 

 

Inclusion criteria 

Maternal age ≥ 18 years 

Gestational age 19 to 25 weeks and 6 days ( 21 to 26 weeks 6 days in Poland) 

Normal genetic testing ( conventional karyotype and array analysis) 

Above S2 and below T1 ( Below T12 in Poland) 

Confirmed Chiari malformation type II on magnetic resonance imaging 

 

Exclusion criteria 

Multiple pregnancy 

Insulin dependent pregestational diabetes 

Additional  structural anomalies unrelated to myelomenigocoele 

Fetal kyphosis ≥ 30 degrees 

History of incompetent cervix 

Cervical length < 2cm in index pregnancy 

Preterm labour < 37 weeks in previous singleton pregnancy 

Placenta praevia 

Other serious maternal medical complications 

Body mass index > 40 

Red cell alloimmunisation  

Positive serology for human immunodeficiency, hepatitis B or C virus 

Uterine anomaly 

Psychosocial limitations 

 

*previous Caesarean section is not a contraindication 
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