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Abstract

Background Fetal endoscopic tracheal occlusion (FETO) is
a promising treatment for severe congenital diaphragmatic
hernia, a condition that carries significant morbidity and
mortality. It is hypothesised that balloon occlusion of the
fetal trachea leads to an improvement in lung growth and
development. The major documented complications of
FETO to date are related to preterm delivery.

Objective To report a series of five infants who developed
tracheomegaly following FETO.

Materials and methods Review of all children referred with
tracheomegaly to the paediatric intensive care and tracheal
service at two referral centres.

Results Five neonates presented with features of respiratory
distress shortly after birth and were subsequently found to have
marked tracheomegaly. Two neonates had tracheomalacia in
addition.

Conclusion There are no previous reports in the literature
describing tracheomalacia, or more specifically, tracheomegaly,
as a consequence of FETO. We propose that the particularly
compliant fetal airway is at risk of mechanical damage from
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in utero balloon occlusion. This observation of a new
problem in this cohort suggests a thorough evaluation of the
trachea should be performed in children who have had
FETO in utero. It may be that balloon occlusion of the
trachea earlier in utero (before 26 weeks’ gestation)
predisposes to this condition.
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Introduction

Congenital diaphragmatic hernia (CDH) is a relatively
common disorder, with an incidence between 1 in 2,000
and 1 in 5,000. Its actiology is unknown [1, 2]. There is
significant associated morbidity and mortality secondary to
pulmonary hypoplasia and pulmonary hypertension [3].
Other complications include recurrent herniation, repeated
hospitalisations, growth failure and gastro-oesophageal
reflux disease [3, 4].

In addition to primary surgical repair, several other
treatments have been used in the past, including prenatal
corticosteroids, high-frequency oscillatory ventilation, liquid
ventilation, surfactant therapy, extracorporeal membrane
oxygenation and delayed surgical repair. Despite these
efforts, the morbidity and mortality remain high. In fact,
each apparent improvement in survival over the last decade
was associated with an increase in antenatal death rate [5].
Fetal surgery has been reported to be of no benefit [6].

It is hypothesised that antenatal obstruction of the
trachea improves lung growth and development. Effective
and sustained obstruction can be achieved by endoscopic
deployment of a detachable balloon between the carina and
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vocal cords, a procedure known as fetal endoscopic tracheal
occlusion (FETO). Intrauterine reversal of obstruction
improves surfactant production [7, 8].

Occlusion of the fetal trachea has been shown to stimulate
fetal lung growth in animal models [9]. Although FETO
carries the risk of amniorrhexis and consequent preterm
delivery, no serious maternal complications or direct
adverse effects on the fetus have been reported to date. In
particular, no tracheal damage has been demonstrated in
experimental studies [10, 11]. Data on long-term morbidity
continue to be collected. There is a single report of a baby
with severe developmental delay following FETO [12]. We
now report five infants who developed tracheomegaly
subsequent to FETO.

Materials and methods

We found five infants with a history of tracheomegaly and
prior in utero FETO referred to the tracheal service and the
paediatric intensive care units at two large children’s
centres. See Table 1 for a summary of the major clinical
details.

Results
Case 1

This baby girl was diagnosed with left-side CDH, an intra-
thoracic liver and cystic adenomatoid malformation
(CCAM) at 21 weeks’ gestation. The lung-to-head ratio
(LHR) was 0.6. FETO was performed at 23.7 weeks.
Elective balloon removal by fetoscopy was performed at
34.4 weeks. Delivery occurred at 35.4 weeks, followed by
surgical repair of the hernia at 2 days. There was good
postoperative lung expansion, and she was extubated at

Table 1 Summary of clinical details

day 3. Several days later, she represented with cough, noisy
breathing and increasing respiratory distress. The chest
radiograph showed a dilated distal trachea, confirmed on
CT, with a transverse diameter of 11 mm (Fig. 1). The
cross-sectional area of the trachea was larger than an
adjacent vertebral body (Fig. 1). The mid-section of the
trachea was wider than the carina. No CCAM was in fact
present. Tracheomalacia was diagnosed clinically. There
was bilateral, perihilar, peribronchial airspace shadowing
extending into both lower lobes, but the lungs were
otherwise normal. She initially required CPAP for a few
months, and was admitted on two occasions to intensive
care with severe respiratory distress requiring intubation
and ventilation. Thereafter, her condition gradually im-
proved during the first year of life. She is currently well,
aged 1 year, and is not requiring any supplemental oxygen
or ventilation.

Case 2

A left-sidle CDH was diagnosed on US at 21 weeks’
gestation. This boy had an LHR of 0.7 with the liver also
herniated. FETO was performed at 25.9 weeks. Vaginal
delivery took place after induction of labour at 37.9 weeks.
The balloon was removed following delivery. The birth
weight was 2.28 kg. The boy was intubated and ventilated,
and surgical repair of the hernia was performed at day 4.
During the next few days, feeding difficulties were noted
and a contrast study revealed gastric outlet obstruction due
to abnormal anatomical orientation of the stomach, which
necessitated a duodenoplasty followed by gastrostomy and
feeding jejunostomy. Further fluoroscopic procedures
demonstrated tracheomegaly and tracheomalacia (Fig. 2).
The baby failed extubation; a chest radiograph and later
CT again confirmed a dilated trachea (Fig. 2). A long-term
tracheostomy was required. He remained on continuous
CPAP after this, has had numerous ICU admissions, and at

Patient CDH  Associated LHR FETO Balloon Delivery = Tracheomalacia  Tracheostomy  Outcome
findings timing removal

1 L Intrathoracic 0.6 237w 344w 354w Diagnosed No Well, aged over
liver; CCAM clinically 1 year

2 L Intrathoracic 0.7 259 w  Postnatal 379 w Yes Yes Overnight CPAP,
liver aged 32 months

3 L Intrathoracic 0.9 244w 337w 381w Yes No Well, aged over
liver 2 years

4 R Intrathoracic 0.6 259 w  Punctured 313w No No Died, aged 8 days
liver postnatally

5 L Intrathoracic 0.5 24.1 w  Postnatal 294 w No Yes Died, aged
liver; CCAM 6 months

L left, R right, w weeks
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Fig. 1 Case 1. a Axial CT on lung window settings at the thoracic inlet
shows a normal calibre trachea with an endotracheal (ET) tube in situ (W
1169, L 256). b Axial CT section at the level of the major head and neck
vessels on soft-tissue settings shows marked tracheal dilatation (W 433,
L 55). Note artefact from the same ET tube and nasogastric (NG) tubes

the age of 27 months required further surgery for adhesive
bowel obstruction and a second patch repair for a recurrent
diaphragmatic hernia. He is currently on overnight CPAP,
aged 32 months.

Insp

Fig. 2 Case 2. a Tracheal dilatation is seen on an upper GI study with
b tracheal collapse in expiration denoting tracheomalacia. ¢ Volume-
rendered CT coronal reformatted images of the trachea in inspiration

@ Springer
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Case 3

A left-side CDH was diagnosed at 20 weeks’ gestation on
antenatal US. The liver was included in the hernia and the
LHR was 0.9. FETO was performed on this female fetus at
24.4 weeks, with the balloon being punctured in utero at
33.7 weeks. Delivery occurred at 38.1 weeks. The birth
weight was 2.7 kg. Surgical repair of the CDH was
performed at day 2. A fundoplication and gastrostomy were
necessary at age 3 months. Post-operatively, the girl suffered
episodes of hypoxia and noisy breathing, was ventilated for
3 days and had transient left lung collapse. Following
reintubation, bronchoscopy showed tracheomegaly and
tracheomalacia, and normal bronchi distally. CT in expiration
revealed exaggerated AP narrowing and anterior convexity
of the posterior tracheal wall suggestive of tracheomalacia
(Fig. 3). Bronchography confirmed tracheomalacia and, in
addition, showed massive tracheal dilatation with only
5 cmH,O CPAP (Fig. 3). She required CPAP for the first
few months of life, had frequent noisy breathing, but later
improved. She was well at last follow-up and is now over
2 years of age.

Case 4

A right-sidle CDH was diagnosed on antenatal US at
20 weeks’ gestation. The liver was displaced superiorly as
part of the hernia and the LHR was 0.6. FETO was
performed on this female fetus at 25.9 weeks. Emergency
delivery for pre-eclampsia occurred at 31.3 weeks, with a
birth weight of 905 g. The trachea was noted to be dilated
on chest radiographs (Fig. 4). No cross-sectional imaging
was performed as the girl was too unwell. Surgical repair of

4.9 mm (2D)

|
5.6 mm (-

and d expiration again show tracheomegaly with inspiration and
tracheomalacia, respectively. The arrow points to an air-filled
oesophagus, not seen on the previous inspiratory image
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Fig. 3 Case 3. a Axial CT
shows anteroposterior narrow-
ing of the upper trachea sug-
gesting tracheomalacia (W 412,
L 55). b Massive tracheal dila-
tation is seen at bronchography
with only 5 cmH,O CPAP
(arrows)

the CDH was undertaken at day 2. Unfortunately, the
operation was complicated by pulmonary haemorrhage and
cardiovascular instability, which continued into the postop-
erative period. By day 7, sepsis developed. A left-side
pneumothorax occurred after an attempt at left internal
jugular central venous access, and there was rapid respira-
tory compromise, not responding to intervention. Death
followed cardiac arrest on day 8.

Fig. 4 Case 4. Chest radiograph on day 3 of life shows ET and NG
tubes, a right chest drain and an umbilical venous catheter. Marked
tracheal dilatation is evident on this film and was also seen on all other
chest radiographs (white arrows). The small radiodense opacity on the
left side, which was present on all films, was assumed to be due to a
collapsed tracheal occlusion catheter in the left main bronchus (black
arrow). This child died aged 8 days and did not have an autopsy

Case 5

A female fetus was noted to have an intrathoracic liver, CCAM
and left CDH at 20 weeks’ gestation. Her LHR was 0.5. FETO
was performed at 24.1 weeks with later additional insertion of
a thoraco-amniotic shunt to drain the CCAM. At 28 weeks’
gestation polyhydramnios was treated with amnioreduction.
Vaginal bleeding and spontaneous rupture of membranes
occurred 5 days later. Emergency cord prolapse necessitated
emergency caesarean section, with delivery at 29.4 weeks.
This infant had not undergone in utero deflation of the tracheal
balloon. Immediately after delivery, after a period of difficult
ventilation, it was realised the balloon was still inflated and it
was then punctured and removed. A chest radiograph had
shown a large trachea and the radio-opaque marker of the
balloon catheter above the carina. Chest CT on day 5 showed
tracheal dilatation up to four times the width of a thoracic
vertebral body extending into the right main bronchus (Fig. 5).
CDH repair was performed, with difficulty, on day §, due
mainly to the absence of diaphragmatic tissue. The patch
dehisced on day 24 requiring a repeat repair using a latissmus
dorsi flap. A second recurrence of the left CDH occurred on
day 60. A third left CDH repair took place on day 80, but a
recurrent hernia was evident again by day 86. On day 100,
further deterioration was seen with loops of bowel again in
the chest. During all this time the baby required CPAP in
addition to frequent ventilator support. A tracheostomy was
performed on day 130. No further attempts to repair the
diaphragm were thought possible. Pulmonary hypertension,
chronic lung disease and cardiac failure ensued, resulting in
death at age 6 months.

Discussion

Tracheomegaly, which generally manifests as diffuse dilata-
tion of the trachea, typically occurs as a result of weakness of
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Fig. 5 Case 5. a Axial CT following contrast medium enhancement,
on lung window settings, on day 5 of life shows marked tracheal
dilatation. The trachea measures 14 mm in maximal axial dimension
(W 1490, L 263). b Axial image at the level of the carina, on soft-

the airway wall or abnormal collapsibility. Causes of
tracheomegaly include connective tissue disorders, lung
fibrosis and prior intubation, but true tracheomegaly is rarely
seen in childhood [13]. Tracheomegaly is characterised by
atrophy or absence of elastic fibres and thinning of smooth
muscle layers in the trachea but, unfortunately, our two
babies who died did not have autopsies [14]. Tracheomalacia
refers to a weakness of the tracheal wall, resulting in
expiratory collapse, typically with >50% decrease in tracheal
diameter. Tracheomalacia is usually due to focal or diffuse
cartilage deficiency. It may be congenital, manifesting in
neonates, when it is commonly seen in association with
oesophageal atresia or cardiovascular anomalies. Alterna-
tively, tracheomalacia may be acquired later in life as a result
of diffuse tracheal disease, prolonged intubation or extrinsic
compression.

There are no reports to date of tracheomegaly as a
complication of FETO. However, we have now described
five such cases. Two infants also had tracheomalacia
proven radiologically. Our five infants with tracheomegaly
suggest that the tracheal cartilage can be damaged by the
prolonged intratracheal balloon deployment method of
FETO. An alternative explanation for the tracheal abnor-
mality would be damage to the trachea from balloon
removal, but we believe this is unlikely as two of our
children had tracheomegaly documented prior to removal of
the balloon.

Mounier-Kuhn syndrome is a rare but noteworthy
congenital abnormality that manifests with marked widen-
ing of the trachea and major bronchi [14]. Although it has
been reported in children as young as 18 months of age, the
condition is usually seen in adults [14]. Our cohort does
not, strictly speaking, fit the criteria for this syndrome as
only one (case 5) had involvement of a bronchus in
addition to tracheal dilatation.

The tracheal pathology was detected in these cases by
worsening respiratory function several days after birth and
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tissue settings, shows enlargement of the proximal right main
bronchus (W 378, L 40). ¢ Coronal reformat also shows the tracheal
dilatation extending into the right main bronchus

confirmed by chest radiography, bronchography, bronchos-
copy, and with CT in four cases. The trachcomegaly was
marked in all the infants, with the tracheal lumen up to
three times the diameter of an adjacent vertebral body on
CT. Diffuse dilatation of the intrathoracic trachea was seen
in all infants. Some tracheal measurements have been added
to the figures provided, but it should be noted that
measured tracheal dimensions at CT are entirely dependent
on the CT windowing and levels used. Tracheomalacia is a
dynamic process, often under-appreciated at routine (inspi-
ratory) CT, but was clearly shown with fluoroscopy,
bronchography and with combined inspiratory/expiratory
CT in two of our cases. Excessive tracheal collapse with
expiration can result in a crescent-shaped, “frown-like”
appearance of the airway lumen on CT (Fig. 3) [15].
FETO is an invasive procedure with an inherent risk for
amniorrhexis, and hence a high chance of preterm delivery,
as occurred in three of our five cases [16]. Indications for
FETO include a singleton pregnancy, an anatomically and
chromosomally normal fetus, gestation at randomization
prior to 32*° weeks, observed/expected (O/E) LHR 25—
34.9% (irrespective of the position of the liver) or O/E 35—
44.9% with intrathoracic liver herniation [17]. Of note, all
the fetuses had intrathoracic liver herniation (Table 1).
Although tracheal damage is not known to be a
complication, the sites of the tracheal abnormalities in
these cases correspond to the previous sites of the in utero
tracheal balloons. The proximal airways are known to be
very compliant early in gestation. A balloon can stretch the
tracheal circumference by 15% [10]. Studies in animal
models have revealed changes to the tracheal architecture at
a microscopic level, with loss of the typical epithelial
folding pattern, squamous metaplasia and elongation of the
pars membranacea, but without obvious flattening or
structural damage to the cartilage [11]. Changes also occur
distal to the balloon, probably due to higher airway
pressures [11]. One fetal lamb sacrificed early had tracheal



Pediatr Radiol (2010) 40:674-680

679

dilatation, but this study concluded that these changes
disappear almost completely for the remainder of gestation
following in utero unplugging [11]. No cartilaginous effects
were reported [11]. Harrison et al. [16] reported a small
cohort who had stridor and vocal cord paralysis secondary
to in utero intervention. Two of their children also had
tracheomalacia, but that group had undergone tracheal
dissection, transtracheal occluding clips (and tracheal
lacerations) rather than simpler balloon placement [16].

The inflated balloon for FETO has a standard diameter
of 7 mm. To date, 96 FETO procedures have been
performed in London at a median gestation of 26 weeks,
with a range of 23-33 weeks (K. Nicolaides, personal
communication). Thus it would appear that our small
cohort with tracheomegaly had FETO performed slightly
earlier in gestation than is probably typical, as they all had
FETO prior to 26 weeks’ gestational age. The individual
prognosis of these children was poor without antenatal
intervention as they all had a LHR of <1 [18]. In fact, when
the LHR is <1 and the liver is herniated into the chest, the
predicted survival rate is less than 10% [19]. It could be
speculated that the intratracheal balloons used were
relatively large for the gestational age, or that performing
FETO -earlier in gestation runs a higher risk of tracheome-
galy. It is also likely these complications of FETO, namely
tracheomalacia and tracheomegaly, are uncommon, as over
150 FETO procedures have been performed in Europe, and
we are not aware of any other cases of tracheomegaly
subsequent to in utero FETO [17]. Of note, one North
American FETO trial was stopped, not because of lack of
efficacy of FETO, but rather after interim analysis had
shown better than expected results were achieved with
conventional management [7, 9]. It remains to be seen
whether the potential pulmonary benefits of tracheal
occlusion are superior to the adverse effects of earlier
delivery on pulmonary function [9].

Conclusion

We present five cases of tracheomegaly subsequent to in
utero FETO. Two infants died from respiratory complica-
tions (one in the newborn period, the other at 6 months),
and two required tracheostomy. All these babies had a poor
prognosis without in utero treatment and it is difficult to
know how significant the tracheal enlargement was on an
individual basis, taking into account their other postnatal
problems. Although FETO is a promising technique, we
believe the observation of a new problem in this cohort
prompts further careful consideration of the risks involved
with the procedure. This will presumably be addressed in
on-going randomised controlled trials [12, 17]. We propose
that the compliant trachea of the fetus in the second

trimester is at risk of mechanical damage from in utero
balloon occlusion. It would therefore seem sensible that
those surviving FETO procedures should have close
paediatric respiratory follow-up and specific tracheal
assessments. It may be that balloon occlusion of the trachea
earlier in utero (before 26 weeks’ gestation) predisposes to
tracheal dilatation. The paediatric and obstetric community
need to be aware of these findings, reported here for the
first time.
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