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Fig. 1 3D-CT revealed segmental stenosis of the left bronchus
(circle) and right pulmonary agenesis

Fig. 2 The precise location and length of the narrowed segment was
confirmed by bronchography

Fig. 3 Rigid bronchoscopy
visualized the intratracheal
lumen with clear vision.

a Preoperative complete
cartilage ring, b torn mucosa
and split cartilage ring
immediately following balloon
tracheoplasty, ¢ healed mucosa
and increased intratracheal
lumen 4 weeks after balloon
tracheoplasty

@_ Springer

and to definitively diagnose CTS. We attempted to perform
balloon tracheoplasty in selected cases with symptomatic
CTS (basically segmental stenosis). The precise diameter
and length of the stenotic tracheal segment were measured
by bronchoscopy and bronchography (Fig. 2). After
definitive diagnosis of CTS, intraluminal balloon dilation
of the stenosis was performed using a balloon catheter
designed for angioplasty (PTA catheter, Fox Cross, Abbott
Japan, Tokyo). As previously reported [6], a 3-mm dilating
balloon was initially inserted through the bronchoscope at
the site of stenosis, and attempts were made to dilate the
narrowed segment. The dilatation diameter was then
increased from 3 to 5 mm with appropriate hydrostatic
pressure in a step-by-step manner, which ruptured the
cartilaginous tracheal rings (Fig. 3a, b). After dilatation
using a 5-mm balloon catheter, a 3- or 3.5-mm (internal
diameter) endotracheal tube was able to pass through the
stenotic tracheal segment. Approximately 4 weeks later,
follow-up bronchoscopy was performed to assess tracheal
patency and identify any granulation tissue (Fig. 3c).

Results

We enrolled five patients, including four boys and one girl,
with a mean gestational age of 36.6 weeks (range
33-40 weeks) and mean birthweight of 2,117 g (range
1,527-3,248 g). Four of the five patients developed respi-
ratory distress after birth, and all five were difficult to intu-
bate and were suspected of having CTS. Four patients with
respiratory distress after birth presented with wheezing and/
or cyanosis, and intubation was attempted to secure the air-
way. Intubation depth was inadequate in several patients.

Congenital tracheal stenosis types included segmental in
three cases and extended in two. Associated conditions
included congenital heart disease (n = 4), right pulmonary
agenesis (n = 2), VACTER association (n = 1), and cleft
lip and palate (n = 1).

A total of nine balloon dilatations were performed in
five patients without intraoperative complications. All five
patients could be intubated after initial balloon tracheo-
plasty. These patients underwent 2 or 3 follow-up
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bronchoscopies at 4-week intervals; in three cases, repe-
ated balloon tracheoplasty was performed to maintain or
increase tracheal patency, and any granulation tissue was
excised if indicated. There were no complications attrib-
utable to balloon dilatation except for temporary mucosal
bleeding. Following balloon tracheoplasty, one patient
developed severe tracheomalacia requiring tracheostomy.

Of the five patients who underwent balloon tracheo-
plasty, two were extubated without complications; balloon
dilatation was performed twice in one of these patients and
three times in the other. Of the patients who experienced
complications, one was extubated after resection and end-
to-end anastomosis for restenosis following initial balloon
dilatation, and one remained hospitalized with tracheos-
tomy for tracheomalacia. The remaining patient died from
tracheal bleeding associated with congenital heart disease.
The mean follow-up period was 20.7 months (range
4-48 months) after final treatment (Table 1).

Discussion

Congenital tracheal stenosis is a rare airway malformation
characterized by formation of complete cartilage rings.
While it usually presents as stridor and/or cyanosis in
infants, it sometimes leads to life-threatening airway
obstruction in neonates. Early postnatal respiratory distress
or difficult intubation before surgery for associated con-
ditions is suggestive of CTS.

Balloon dilatation of tracheal stenosis has been per-
formed primarily in selected cases with postoperative
complications [7], and has proven to be a successful initial
treatment for CTS [5, 8]. According to bronchoscopic
findings, balloon tracheoplasty consists of splitting any
complete cartilage rings, thus increasing intratracheal
lumen diameter, and temporarily maintaining airway
patency via endotracheal intubation. Even in preterm
neonates, stable respiratory condition was maintained
during use of a Storz ventilating bronchoscope under clear
vision.

Slide tracheoplasty or expandable metallic stents are
promising procedures for the treatment of infants with CTS
[9, 10], and balloon tracheoplasty is therefore extremely
useful for initial airway management in neonates and
subsequent tracheoplasty in infants.

3-dimensional reconstruction is valuable for preopera-
tive determination of the anatomic location and degree of
tracheobronchial stenosis [11]. Moreover, the combination
of preoperative 3D-CT and intraoperative bronchography
is extremely useful for obtaining accurate information
about the location and length of narrow tracheal segments,
thus increasing the safety and precision of subsequent
balloon tracheoplasty.
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Table 1 Demographics of patients with congenital tracheal stenosis and outcomes of balloon tracheoplasty

Follow-up
(months)

Outcome

Subsequent
treatment

Initial

Type of

CHD

Associated conditions

Initial symptoms

Gestational
age (w)

Sex BW at

Patient

treatment

stenosis

birth (g)

48

Resection and end- Alive with

Balloon x 1

Segmental

Difficult intubation,

1,800 35

F

extubation
Dead (tracheal

to-end anastomosis

Respiratory distress
Difficult intubation,

Balloon x 1

Extended

AVSD,

VACTER association, Rt.

1,549 37

M

bleeding)

A-P

pulmonary agenesis

Respiratory distress

window
DA

19

Alive with

Segmental Balloon x 2

P

Difficult intubation,

38

2,464

M

extubation

Alive with

Respiratory distress

Difficult intubation,

12

Segmental Balloon x 3

PDA

Rt. pulmonary agenesis

1,527 33

M

extubation

Respiratory distress
Difficult intubation

4

Tracheostomy,

Balloon x 2

Extended

DORYV,

Cleft lip and palate

40

3,248

M

tracheomalacia

PDA
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In our series, there were no complications during the
balloon tracheoplasty procedure; however, it is necessary
to be aware of possible bleeding from the split tracheal
mucosa and air leakage into the mediastinum due to tra-
cheal rupture. To prevent these morbidities, we try to
gradually increase the intraballoon pressure with a
manometer and to dilate the narrowed trachea in a step-by-
step manner under clear vision with a rigid bronchoscope.

In one patient, we encountered severe tracheomalacia
and tracheal granulation that required tracheostomy after
balloon tracheoplasty. Although our experience was lim-
ited, we suspect that splitting the complete tracheal ring
with balloon dilatation may have increased the fragility of
tracheal structures. In accordance with previous findings
[12], we routinely used inhaled budesonide three times a
day to prevent and treat intratracheal granulation, a
potential late complication after balloon tracheoplasty.

Conclusion

Although our sample size was limited, balloon tracheo-
plasty is a potentially effective initial treatment of symp-
tomatic CTS in neonates. With use of a Storz ventilating
bronchoscope, this procedure was feasible and safe in
premature neonates whose respiratory condition remained
stable. It should be noted that while balloon tracheoplasty
may effectively secure the airway in neonates with CTS,
this procedure should not be relied upon as a radical
treatment for this condition. We recommend subsequent
tracheoplasty (if required) following the balloon dilatation
of tracheal stenosis as a new treatment strategy for neonatal
symptomatic CTS.

@__ Springer
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