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TOTAL Trials et après ? 



CDH and FETO a long journey
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What have we learned?

• Who is eligible for FETO? 

• Maternal risks

• Fetal risks 

• Patients counselling

• Team organization 

• New device



Analysis pooled data

• Aim: to study heterogeneity of treatment 
effect by severity (O/E LHR) and effect of 
gestational age at tracheal occlusion.

• 291 randomized patients, consented data use

- 196 moderate

- 95 severe

• Method: penalized regression with covariates 
FETO (or not), early occlusion, o/e LHR, liver 
herniation, trial

Van Calster B et al. AJOG 2021



Analysis pooled data

Expectant cases: 
observations

Full lines: 
observations

Dotted lines:
calculated

Van Calster B et al. AJOG 2021



Analysis pooled data

-1.7 wks
[1.2-2.3]

-3.2 wks
[2.3-4.1]

Survival to discharge from NICU Adjusted OR 95%- C.I. P 

Late insertion vs.expectant 1.78 1.05 -3.01 0.031

Early FETO versus expectant 2.73 1.15 - 6.49

FETO increases risk for premature delivery

For every week earlier insertion,

4 days earlier delivery

Van Calster B et al. AJOG 2021



Who is eligible for FETO ? 

FETO can be performed between 28 et 30 WA whatever the severity
O/E LHR 25-34.9 %, liver up or down

O/E LHR 35-44.9%, liver up

Van Calster B et al. AJOG 2021



CDH – Prognostic Evaluation

Russo FM et al. Prenat Diag, 2018
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CDH – Prognostic Evaluation



Abbasi N et al. Prenat Diagn, 2019 

- Image selection for 
measurements: Landmarks of 
a true axial plane and 4-
chamber view of  the heart
- Formula: Jani et al. USOG 

2012

Prognostic Evaluation-LHR o/e

Prognosis of isolated congenital diaphragmatic hernia
using lung-to-head circumference ratio: variability

across centers in a national perinatal network

The overall predictive value of o/e-LHR is better when
prenatal LHR measurements are performed in centers
with the greatest caseload ( > 14/year) and strong
expertise in prenatal assessment of CDH

Senat et al. Ultrasound Obstet Gynecol, 2017



Who is eligible for FETO ? 

• Not eligible
- Polymalformation / Genetic / Chromosomal anomalies

• Should be carefully assess
- IUGR

- Oligoamnios/Poly-hydramnios

From the fetal side



Who is eligible for FETO ? 

• Any risk of prematurity, is not eligible
- Previous premature delivery 
- Short cervix , < 25 mm
- Uterine malformation 
- Maternal diseases
- Use of toxics

• Maternal infection: HIV, hepatitis B or C

• Placental position: praevia or anterior with no free window 

From the maternal side
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Maternal risks

• With open surgery, up to 14% risk for uterine dehiscence and rupture  

• No relevant impact of fetoscopic fetal surgery for CDH on future fertility, 
obstetrical and early gynecological outcomes 

• 40% of patients reported a serious psychological impact of pregnancy 
FETO and control

Gregoir C et al. Human Reprod 2016



Maternal risks

Sacco A et al. Prenatal Diag 2019

Meta-analysis including TTS
No control group 

Placental abruption 
Open: 2.34 % 
FETO: 1.69%

Transfusion
Open: 3.4% 
FETO: 0.17%



Maternal risks

Sacco A et al. Prenatal Diagn 2019



Safety data from TOTAL Trials*

FETO
n=40

Expectant
n=38^

FETO
n=91°

Expectant
n=95§

Bleeding at trocard insertion 1 (2%) NA 5 (5%) NA

Placental abruption 1 (2%) 1 (3%) 0 (0%) 0 (0%)

Chorioamnionitis 0 (0%) 1 (3%) 1 (1%) 1 (1%)

Vaginal bleeding 3 (3%) 0 (0%)

°98 participants  minus 7 participants 
did not have a surgical procedure: 4 
participants decided not to undergo FETO, 
and the other 3 did not undergo FETO 
(ruptured membranes (1), a very short cervix
(1), and poor fetal position (1))
§ 98 minus 3 TOP

*The safety population included all the participants who underwent randomization
and who effectively received their assigned prenatal treatment

^2 TOP

Placental laceration during removal 1 (2%) NA

Polyhydramnios at follow up 12/35 (34%) NE 22/88 (25%)
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Safety data from TOTAL Trials*

FETO
n=40

Expectant
n=38^

FETO
n=91°

Expectant
n=95§

Fetal death during pregnancy 0 0 1 (1%) 1 (1%)

Neonatal death due to removal failure 1 (2%) NA 2 (2%) NA

Tracheomalacia or tracheal damage 1 (2%) 0 (0%) 2 (2%) NA

Chrorioamniotic membrane separation 8/37 (22%) NE

PPROM < 37SA 19 (48%) 4 (11%) 42 (46%) 11 (12%)

Delivery < 37 SA 30 (75%) 11 (29%) 60 (66%) 22 (23%)

Bilateral hydrothorax 1 (1%) 0 (0%)

*The safety population included all the participants who underwent randomization
and who effectively received their assigned prenatal treatment



Technique and safety

• Insertion failure
- Fetal position 

- Placenta localisation

• Spontaneous ballon deflation
- Off label use of a device meant for vascular occlusion

- 6% (8/130), id to literature (Jimenez et al. AJGO 2017)

• Removal problems

- 3/130: Failure to retrieve, wrong obstetric unit , lenghty removal

Balloon retrieval N Fœtoscopy Intra-uterine puncture Post-natal

Emergency 38% 59% 12% 20%

Planned 59% 97% 3% 0%

82% 7% 11%



Balloon removal

FoetoscopyIntra-uterine puncture



Balloon removal

Post-natal TEAM ORGANISATION 24/7



Tracheal and bronchial damage

Fayoux P et al. J Ped Surg 2010
Speggiorin S et al. J Ped Surg 2011
Goya e et al. Pediatr Radiol 2012

• Tracheomegaly
- Rare and Exceptional after 28 weeks

- Tracheal dilatation without respiratory symptoms 

- ≄ GERD

- Normalize at 5 years

• Bronchomegaly
- Right CDH

Left bronchus in right CDH



Genetic anomalies

Diagnosis Timing Group Analyse ITT

Tetrasomy 12p Prenatal FETO No

Large cardiac ventricular septum defect Postnatal FETO Yes

Golz Syndrome Postnatal Expectant Yes

Mutation filamin A gene Postnatal FETO No

Mosaic trisomy 2 Postnatal FETO Yes

Duplication chromosome 8 Postnatal FETO Yes

Goldenhar Postnatal FETO Yes

Simpson Golabi Behmel Postnatal FETO No

Hypoplastic left heart syndrome Postnatal FETO Yes

Tetrasomy 12p Prenatal Expectant No

Tetrasomy 12p Postnatal* Expectant Yes*

Fryns syndrome Postnatal Expectant NoPostnatal diagnosis : diagnosis prior to discharge from NICU except in *
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Done E et al. Prenat Diagn, 2017

Patient counselling

• Needs for proper counselling
- Diagnosis of CDH

- Isolated CDH

- Proper evaluation of LHR o/e and Liver location

• Among fetal surgery referrals over 2 years (n=86 including 12 right CDH)

- 2% did not have CDH

- 10% undiagnosed associated anomalies

- Discordance: 7% for liver position; 33% for lung size

- 72% patients referred for FETO met the inclusion criteria

• Deal with the discrepancies
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Balloon insertion

• Perfect position, avoid transverse

• Often need fetal manipulation

• Amnio-drainage/infusion

• Never cross the placenta

• Fetal anesthesia, intra-funicular or muscular

• Balloon location



Team organization 

• Tele-consultation with the parents 

• If eligible and agree for FETO transfer to FETO center

• Stay for 6 weeks close to hospital 

• 24/7 on call for FETO team 

• Back to original center after balloon retrieval



Team training 

• ENT 

• NICU training every 6 months

• What to do in case of obstetrical emergency? 



What is next?

• Who is eligible for FETO? 

• Maternal risks

• Fetal risks 

• Patients counselling

• Team organization 

• New device



SMART-TO

• SMART-TO (N Sananes/J Deprest/ A Benachi)
- First patient August 2021

- No randomization

- Moderate and severe

- Same criteria as TOTALs



- Increase early prognosis with FETO
- Long term follow-up

- Induce prematurity
- Risk of increase the chance of 

survival of a severely sick child 
- Parallel improvement of post-natal 

care 

- How many centers/countries?
- Access to care everywhere in 

the country but expertise in 
assessment and fetoscopy 
needed

Conclusion
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