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Abstract

Severe congenital diaphragmatic hernia (CDH) remains a significant challenge for neonatal specialists. In
order to reduce complications during extraction of the surgical balloon after fetoscopic tracheal occlusion
(FETO) CDH, we have developed a FETO with a ‘long tail balloon” of 2.5 mL volume. Here we describe two
successful uses of the device with observed/expected total fetal lung volume (o/e TFLV) of 15% and with
o/e TFLV of 24% and ‘liver up’. The o/e TFLV increased to 134% in first case and to 47% in second fetus.
The balloon was successfully extracted at 34 weeks’ gestation by pulling the long tail suture during second
fetoscopy. In the second case the fetus pulled out the balloon from trachea itself by traction onto the bal-
loon’s long tail. Both neonates were operated on for their CDH with a good outcome. This work showed the
feasibility of this long tail balloon for FETO to reduce the technical difficulty of the balloon extraction and
the possibility that fetuses are able to extract the balloon by itself by pulling the balloons’ long tail. Further
development of long tail balloon for FETO could facilitate its extraction thereby reducing neonatal
complications.
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Introduction

Congenital diaphragmatic hernia (CDH) has an inci-
dence of 1:2200 to 1:4000 newborns, depending on
whether stillbirths are included or not."? Forty per-
cent of all CDH cases show associated malformations
and chromosomal abnormalities with recognized syn-
dromes occurring in 10-20%."" Importantly, the sur-
vival depends on the extent of the lung hypoplasia
and pulmonary hypertension.* Liver herniation into
the thorax, is also a negative predictor of fetal sur-
vival. In case of an observed or expected total fetal
lung volume ratio (o/e TFLV) ratio of 25% or lower,

and herniation of the liver in thorax, the postnatal
survival is reported to be 10-25% or lower.”” The
aim of fetoscopic tracheal balloon occlusion is to posi-
tively influence the lung growth in CDH fetuses,
avoiding the development of lung hypoplasia.”® As
the lung fluid cannot pass though the latex balloon in
the trachea, and so leads to an expansion of the lungs.

A common complication of fetal surgery is the pre-
term premature rupture of membranes (PPROM)
leading to preterm delivery."”® The next problem
faced by clinicians, is the technical difficulties of the
extraction of the balloon from the trachea, possibly
leading to asphyxia, worse outcome or neonatal
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demise.” Jani et al.” published 10 neonatal deaths from
210 fetoscopic tracheal occlusion (FETO) performed,
directly related to difficulties with the removal of the
intratracheal balloon. The risk of emergency balloon
removal is published to be very high (39-56%).>'°

This work showed the feasibility of this long tail
balloon for FETO to reduce the technical difficulty of
the balloon extraction and the possibility that fetuses
are able to extract the balloon by itself by pulling the
balloons’ long tail.

Case Report
Case 1

A 35-year-old woman, gravida 1 pare 0 was referred
to our center of fetal surgery at 24*! weeks’ gestation
because of severe CDH with o/e TFLV of 15%.”

The FETO was performed with the permission of
local ethic committee for individual treatment and
written patients’ consent. The tracheal occlusion
(TO) was performed at 28" weeks’ gestation. The
fetus received im. 0.1 mg/kg Pancuronium, 1 pg/kg
Fentanyl and 0.01 mg/kg atropine.

The monofilament 5-0 polypropylene suture of
7 cm was fixed to the balloon (Goldbal 5, 2.5 mL,
BALT Extrusion, Montmorency, France) (Fig. 1). The
fetoscope (Karl Storz, Tuttlingen, Germany) with a
diameter of 1.3 mm, was percutaneously inserted
through a sheath into the uterus and then into the
fetal trachea. The fetoscope was removed and the bal-
loon was inserted through the sheath into the trachea
under 4-D ultrasound guidance.'''?

Figure 1 Long tail tracheal balloon. The monofil poly-
propylen 7 cm suture fixed to the balloon (Goldbal
5, 25 mL, BALT Extrusion, Montmorency, France)
before the fetoscopic intratracheal occlusion.

The position of the balloon and suture were visual-
ized by ultrasound and magnetic resonance imaging
(MRI) (Fig. 2). Two months after FETO the MRI esti-
mated the o/e TFLV ratio to be increased from 15 to
134%. We decided to remove the intratracheal balloon
by fetoscopy. The balloon was extracted by traction
and suture rolling over the fetoscopic miniature for-
ceps. The patient was delivered at 37*" weeks’ gesta-
tion by planned primary C-section), a girl, weighing
2540 g, length 50 cm, APGAR 4/8/9, umbilical artery
pH 7.28. One week after the CDH operation the girl
was extubated. Additionally, final diagnoses con-
firmed a polycystic left kidney, anal atresia with fis-
tula and polydactyly of the right hand. One month
later the baby was discharged from hospital in good
condition. In follow up examinations at 6 months and
1 year of age, the baby was doing well without any
neurological disturbance or developmental delay.

Case 2

A 29-year-old, first gravida woman was referred to
the university clinic with severe CDH at 29 weeks’
gestation. The MRI measured o/e TFLV ratio was
24.6%. The FETO with modified ‘long tail” balloon
was performed at 29*> weeks. The video documenta-
tion of the fetoscopic procedure and correct intratra-
cheal location of the balloon was performed. The o/e
TFLV ratio increased to 47% after the FETO proce-
dure. The patient was delivered by c-section because
of PPROM at 34** weeks of gestation and intubated, a
boy weighing 2250 g, APGAR 6/7/8, umbilical artery
pH 7.35. After the intubation the balloon was found
to be swallowed in neonatal esophagus. Using endo-
scopic examination it was extracted by the neonatal
team. The CDH was closed with a patch and the pul-
monic sequester was resected. In follow up examina-
tions at 6 months of age the baby was breast feeding
without any neurological disturbances or develop-
mental delay apparent.

Discussion

In this report we have described a new approach for
FETO procedure for CDH treatment.

The CDH affects approximately one of every
22004000 live births." Approximately 60% of CDH
cases are isolated.” In about 10-20% of cases of CDH
diagnosed prenatally, there are also chromosomal
abnormalities, such as trisomies 13, 18 and 21, or
Fryns, Beckwith-Wiedermann, Pierre-Robin, Pallister-
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Figure 2 Fetal magnetic resonance imaging (MRI) after
the fetoscopic tracheal occlusion using long tail bal-
loon. The fetus is present in sagittal position. The bal-
loon can be clearly identified in the fetal trachea. The
volume of the right lung was normalized after
4 weeks in response to the tracheal occlusion.

Killian syndromes."” The clinical course of fetuses
with isolated CDH depends entirely on the degree of
pulmonary hypoplasia and severity of pulmonary
hypertension.” Isolated small diaphragmatic defects
do not normally lead to pulmonary hypoplasia and
can be successful corrected after the delivery.* Intra-
uterine fetal tracheal balloon occlusion is the most
common prenatal therapy for fetuses with large CDH
and a very poor prognosis."”>*'* The herniation of the
liver into the thorax is an independent negative pre-
diction value for postnatal survival."**> Compared to
conservative management of fetuses with severe
CDH, fetuses with left CDH treated with FETO had
an increased survival rate, from 24 to 49%, and in
right CDH from 0 to 35.3%.> Ali et al. also published

Long tail balloon as a new TO approach

the similar survival rate of 48%. Ruano et al. pub-
lished the fetal survival after early FETO of 62.5%.'"*

A major consideration is that the tracheal balloon
needs to be removed before delivery in fetal treatment
centers with a permanent experienced team, knowl-
edgeable in all possible techniques. Jani et al.” pub-
lished 10 neonatal deaths directly related to
difficulties with removal of the intratracheal balloon.
Wegrzyn et al.'” also reported two neonatal deaths
because of problems with balloon removal after the
delivery. A second fetoscopic surgery to remove the
balloon is usually planned at 34 weeks. It is also asso-
ciated with increased risks for perioperative complica-
tions, PPROM, preliminary delivery and rarely
uterine bleeding or injury of the fetus or
mother.'>*!31* Leading medical centers with most
experiences of FETO show a high rate of PPROM after
intrauterine fetal surgery using a 3 mm sheath.”'%'®
Ali et al.'® registered the premature delivery after
FETO in 84%. Out of 24 infants, 23 who had emer-
gency balloon removal were born before 35 weeks
gestation.'® Jani et al.’ found the rate of PPROM after
FETO to be 47.1%. The risk of PPROM after fetoscopy
could be reduced by the reduction of the damage of
the amniotic membranes using ultra-thin fetoscopic
equipment combined with the 4-D ultrasound con-
trol.”'"'> An imminent delivery before the removal of
the balloon is a life threatening situation for the
unborn baby since the re-establishment of the airways
represents a challenge even for experienced physi-
cians.*® In this scenario, the delivery is usually per-
formed by ex utero intrapartum treatment (EXIT)-
procedure, which is associated with severe risks,
again even if performed in a specialist care center.’

The timing of the balloon removal must be planned
and controlled and the risks of its use need to be con-
sidered and managed. Cannie et al. found in 2 of
31 cases the balloon deflation had low liver-to-
thoracic volume ratio. Jani et al.” reported that in 8%
of all cases after FETO there was spontaneous defla-
tion and subsequent expulsion of the balloon. We
described previously the method with insertion of the
bigger latex balloon with the volume of 2.5 mL
instead of conventional 0.75 mL balloon to guarantee
better sealing of the trachea without leak of lung
fluid.'""* Additionally, the TO before birth could
decrease the number of pneumocytes type II in the
alveoli.'® .

The fetal ability to remove intrauterine implanted
supravesical or thoracic shunts is well-known. We
observed many times the ‘successful” extraction of the
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‘pig tail’ catheters placed intrauterine into the fetal
bladder because of low urethral tract obstruction with
an oligohydramnios by the fetuses themselves. The
intensive fetal movements, swallowing reflex and also
hand grasping are well documented during ultra-
sound examination and fetal surgery. This fetal grasp-
ing activity could be used for the programmed
dislodgment of tracheal balloon due to fetal grasping
traction to balloons” ‘long tail’. In our second patient,
the fetus probable was able to remove the tracheal
balloon before the delivery. Unfortunately, the fetus
could not take the balloon out into the amniotic cav-
ity, but swallow into the esophagus possibly by the
fetal swallowing reflex.

It is quite obvious that the latex balloon was
extracted by the fetus from the trachea immediately
stimulated the fetal swallowing reflex. For this reason,
the tracheal balloons’ ‘long tail” must be connected to
the valve or must have the valve construction inside
of the ‘long tail” for the controlled deflation of the bal-
loon by the fetus itself. We assume that the minimal
force of the valve must be about 0.5-1 N. However,
this must be proved and optimized experimentally,
probably in non-human primates, in order to avoid
the extraction of the tracheal balloon before the lungs
of CDH fetus reacts with adequate increased total
lung volume to the TO.

Using the suture fixation to the balloon described
above, the extraction of balloon was very simple
during fetoscopy in the first patient. The use of long
tail balloon could also facilitate the removal of the
balloon from the trachea after emergency delivery or
during the EXIT procedure. We have not observed
any damage of fetal lips due to polypropylene
suture to date. However, the creation of a new
‘long-tail” is important to avoid any possible compli-
cations. We have not observed any signs of tracheo-
malcia in our CDH patients. However, the risk of
this complication is expected to be higher compared
to the use of the smaller latex balloon."” Ali et al.'°
described two cases having tracheomalacia using for
the 61 CDH patients a latex balloon with the volume
0.75 mL.

Here, we describe a new approach for FETO proce-
dure for CDH treatment, which might simplify the
removal of the intratracheal placed balloon after
emergency delivery, EXIT procedure, during the sec-
ond fetoscopy or by the fetus itself at the end of the
pregnancy. Our initial aim to develop the long-tail
balloon modification was to reduce the risk of emer-
gency balloon removal. The unexpected finding was

the balloon removal by probably the fetus itself in the
second case.

The concept of long tail balloon construction
must be optimized and evaluated in prospective
studies. The prospective study ‘FETO with Long
Tail Balloon for a Treatment of Severe CDH’ has
been started in our center of fetal surgery
(NCT03431792, ClinicalTrials.gov).
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