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Abstract

Purpose Few reports have focused on the management of
congenital tracheal stenosis (CTS) in the neonatal period.
The aim of this study was to determine appropriate manage-
ment strategies for CTS in the neonatal period.

Methods The medical records of eight neonatal patients
with CTS at a single institution between January 2007 and
December 2016 were retrospectively reviewed.

Results Three patients with frequent ventilatory insuffi-
ciency despite assisted ventilation underwent surgical inter-
vention (balloon tracheoplasty: n = 1, slide tracheoplasty:
n = 2). Ventilatory insufficiency improved after surgery in
all three patients. One patient who underwent slide tracheo-
plasty died due to non-airway-related causes. Observation
or conservative management was performed in five patients
with minimal respiratory symptoms or stable ventilation
under assisted ventilation. All five patients were safely man-
aged non-operatively in the neonatal period.

Conclusion Depending on the severity of ventilatory insuf-
ficiency, there are two management strategies for CTS in
the neonatal period. Surgical intervention, such as balloon
tracheoplasty or slide tracheoplasty, is indicated for patients
with unstable ventilatory status despite assisted ventilation.
Observation or conservative management is a more suitable
option for neonates with stable ventilation.
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Introduction

Congenital tracheal stenosis (CTS) is characterized by nar-
rowing of the tracheal lumen, most commonly secondary to
complete tracheal cartilage rings and absence of the mem-
branous trachea [1]. Although rare, when it does occur,
it often causes life-threatening respiratory insufficiency.
Various surgical procedures for CTS have been reported,
and slide tracheoplasty for long-segment CTS described
by Tsang [2] and Grillo [3] has become a standard surgi-
cal procedure, which has been shown to greatly improve
outcomes. However, the mortality rate of patients with CTS
who undergo tracheal reconstruction, including various
surgical procedures, before the age of 1 month is report-
edly very high (73%) [4]. Therefore, management of CTS
in the neonatal period remains a difficult challenge, and the
indications of surgical intervention and appropriate surgical
procedures for CTS in the neonatal period are not clarified.
The present study analyzed the clinical features and
outcomes of patients diagnosed with CTS in the neonatal
period. The aim of this study was to determine appropriate
management strategies for CTS in the neonatal period.

Materials and methods
This study was performed with the approval of the institu-
tional review board (approval number: R28-18) and complied

with the Helsinki Declaration of 1964 (revised 2013). The
medical records of eight patients with CTS managed in the
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neonatal period at a single institution between January 2007
and December 2016 were reviewed retrospectively. Patients
who were diagnosed with CTS in the neonatal period at other
institutions and managed at our institution after infancy were
excluded from this study. All patients underwent rigid or flex-
ible bronchoscopic examination in the neonatal period and
were diagnosed with CTS associated with complete tracheal
rings. All cases were assessed by 3-dimensional computed
tomography. The information collected included patient
demographics (sex, gestational age, birth weight, and asso-
ciated anomalies), respiratory status (respiratory symptoms
and ventilator dependence), computed tomography findings
(minimum diameter and length of stenotic trachea), details
of management in the neonatal period, complications, and
mortality. In this study, long-segment tracheal stenosis was
diagnosed when the stenotic trachea encompassed more than
30% of the total tracheal length. All results are expressed as
medians (range); statistical evaluation could not be performed
because of the small number of patients.

Surgical techniques
Balloon tracheoplasty

The procedure is performed under general anesthesia using
Storz rigid ventilating bronchoscopy. A balloon catheter
developed for percutaneous transluminal angioplasty is
inserted through the stenotic site under bronchoscopy. Under
fluoroscopy, the stenotic site is gradually dilated to 5.5 mm,
splitting the complete tracheal rings. An endotracheal tube
with an inner diameter of 3.0 mm (outer diameter of 4.4 mm)
is passed through the stenotic site after the procedure.

Slide tracheoplasty

The technique of slide tracheoplasty performed at our insti-
tution has been described in detail in previous publications
[5, 6]. The procedure is performed under cardiopulmonary
bypass initiated through a median sternotomy. The stenotic
trachea is circumferentially dissected and divided trans-
versely a few millimeters below the midpoint of the stenotic
trachea. The proximal and distal segments are incised along
the posterior and anterior aspects. The entire oblique cir-
cumference of the proximal and distal tracheal segments is
anastomosed with interrupted 5-0 absorbable sutures.

Results
Clinical characteristics

Eight neonatal patients (2 male, 6 female) who had CTS
were included in this study. The median gestational age was
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36 weeks (range 34—42 weeks), and median birth weight
was 2.175 kg (range 1.758-3.320 kg). Five patients (62.5%)
had cardiovascular anomalies, four (50.0%) had respiratory
anomalies, and four (50.0%) had gastrointestinal anomalies
as comorbidities. Details of the associated anomalies are
shown in Table 1. Four patients (50.0%) had severe respira-
tory distress on admission, and required endotracheal intu-
bation and assisted ventilation. There were no respiratory
symptoms in the remaining four patients (50.0%), and CTS
was diagnosed incidentally during screening or treatment of
the other associated anomalies. Surgical intervention during
the neonatal period was required in three of the patients,
while the remaining were managed non-operatively.

Surgical intervention group (n = 3)

The clinical characteristics of the surgical intervention
group are summarized in Table 2. Two patients devel-
oped respiratory distress and required tracheal intubation
and assisted ventilation 0 and 5 days after birth. Another
patient with ileal atresia who underwent ileostomy the day
after birth required assisted ventilation postoperatively. All
three patients developed frequent ventilatory insufficiency
despite assisted ventilation in the neonatal period. Patient
1, weighing 1.844 kg at birth, had short-segment tracheal
stenosis near the tracheal bifurcation. She underwent balloon
tracheoplasty 19 and 20 days after birth, following which
an endotracheal tube with an inner diameter of 3.0 mm
was passed through the stenotic site. She was successfully
extubated 17 days after surgery with improvement in her
respiratory symptoms. However, due to the persistence of

Table 1 Associated anomalies in patients with congenital tracheal
stenosis

Cardiovascular anomalies
Atrial septal defect
Left pulmonary artery sling
Persistent ductus arteriosus
Coarctation of the aorta
Ventricular septal defect
Double outlet right ventricle

o ST \S I ST \S )

Persistent left superior vena cava
Respiratory anomalies

Unilateral pulmonary agenesis or hypoplasia 4

Bronchopulmonary foregut malformation

Tracheal bronchus 1
Gastrointestinal anomalies

Jejunoileal atresia 2

Esophageal atresia 1

Anorectal malformation 1
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Table 2 Clinical data of
patients in the surgical
intervention and non-operative
management groups

Surgical intervention group ~ Non-operative

(n=3) management group
(n=35)
Gestational age, weeks, median (range) 34 (34-42) 36 (35-40)

Birth weight, kg, median (range)

1.844 (1.780-3.320) 2.228 (1.758-2.490)

Type of stenosis according to affected length

Long-segment type
Short-segment type

Minimum diameter of stenotic trachea, mm, median

(range)

1 5
2 0
1.4 (1.4-1.6) 2.5 (1.5-2.9)

the stenosis postoperatively, as seen on computed tomogra-
phy, she underwent slide tracheoplasty 3 months after birth.
Patient 2, weighing 3.320 kg at birth, had short-segment
tracheal stenosis above the tracheal bronchus. She under-
went slide tracheoplasty 10 days after birth. She was suc-
cessfully extubated 21 days after surgery with improvement
in her respiratory symptoms. Patient 3, weighing 1.780 kg
at birth, had long-segment tracheal stenosis and right pul-
monary agenesis, and underwent slide tracheoplasty 20 days
after birth. Although her ventilatory insufficiency improved
after surgery, she died due to intestinal failure-related liver
disease and septic shock 108 days after surgery.

Non-operative management group (n =35)

The clinical characteristics of the non-operative manage-
ment group are summarized in Table 2. Three of the patients
had no respiratory symptoms, and observation management
was attempted. The other two patients developed respiratory
distress that required tracheal intubation and assisted ven-
tilation 8 and 25 days after birth, respectively. Fortunately,
they could conservatively keep stable ventilatory status
under assisted ventilation and were successfully extubated
36 and 58 days after birth, respectively. The median follow-
up period in this group was 534 days (range 63—1147 days).
Two of the patients with no respiratory symptoms in the
neonatal period developed respiratory distress as they grew
older, and underwent slide tracheoplasty at 1 and 2 years of
age. There were no deaths in this group.

Discussion

In neonates with CTS, the broad spectrum of length and
degree of tracheal stenosis leads to a wide variability in clin-
ical presentations. Some patients develop severe respiratory
distress within a few days of life, requiring tracheal intu-
bation and assisted ventilation. Others have no or minimal
respiratory symptoms. They are often diagnosed with CTS
incidentally during screening or treatment for other associ-
ated anomalies. In recent years, with advances in diagnostic

techniques, such as 3-dimensional computed tomogra-
phy, and the widespread recognition of CTS, the number
of patients diagnosed with CTS in the neonatal period is
increasing. However, there are few detailed reports focus-
ing on the management strategies for CTS in the neona-
tal period. Therefore, we analyzed the clinical features and
outcomes of patients diagnosed with CTS in the neonatal
period. The present study describes three clinical factors
that can serve to establish possible management strategies
for CTS in the neonatal period: (1) indications for surgi-
cal intervention, (2) details of surgical intervention, and (3)
details of non-operative management.

In children of all ages, the indications for surgical inter-
vention for CTS are based on: (1) the clinical respiratory
situation, and (2) the severity of tracheal stenosis [7, 8].
Since surgical intervention for CTS in the neonatal period is
challenging, we propose rigid indications for surgical inter-
vention in neonatal CTS patients. In the present study, the
indication for surgical intervention for CTS in the neonatal
period was unstable ventilatory status despite assisted venti-
lation. Furthermore, we focused on the minimum diameters
of the stenotic trachea on computed tomography as more
objective findings in surgical intervention group. In all three
patients who underwent surgical intervention, the minimum
diameters of the stenotic trachea on computed tomography
were less than 2.0 mm. These findings are similar with Li’s
report [9] that the minimum diameters of stenotic trachea
were 1.5 and 2.0 mm from their experience with two slide
tracheoplasties in the neonatal period. Although it is essen-
tial to note that trapped secretions around the stenotic site
may artificially increase the degree of stenosis, we suggest
that it is necessary to pay attention to computer tomographic
observation of the minimum diameter of the stenotic trachea
as being 2.0 mm or less.

Selection of the appropriate surgical procedure in each
case depends on the following: (1) the extent and location
of the tracheal stenosis, (2) the patient’s body weight, and
(3) the presence of associated anomalies. Balloon tracheo-
plasty can be performed without cardiopulmonary bypass,
and stable ventilation can be obtained immediately after
stenting the stenotic site. Therefore, we consider balloon
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tracheoplasty to be a feasible surgical procedure for low-
body weight neonates with short-segment tracheal stenosis,
such as patient 1 in this study. In this patient, although the
stenotic region persisted after balloon tracheoplasty and sub-
sequent tracheal reconstruction became necessary, balloon
tracheoplasty has the advantage of avoiding tracheal recon-
struction and cardiopulmonary bypass in low-body weight
neonates, and can, hence, serve as an effective bridging
therapy for future open tracheal reconstruction. Ono et al.
[10] reported three neonates with short-segment tracheal
stenosis who underwent balloon tracheoplasty. Two of their
patients were successfully extubated following balloon tra-
cheoplasty alone, while the third patient required subsequent
tracheal reconstruction. Although slide tracheoplasty using
cardiopulmonary bypass in the neonatal period remains a
difficult challenge, it is also a feasible procedure for tracheal
reconstruction. In this study, two patients safely underwent
slide tracheoplasty, with subsequent improvement in venti-
latory insufficiency postoperatively (patient 3 died due to
other non-airway-related causes). Manning et al. [11] from
Cincinnati Children’s Hospital Medical Center proposed that
slide tracheoplasty offers two advantages in all CTS cases,
regardless of the length of stenosis. First, distribution of the
suture line over a greater tracheal length reduces the risk of
restenosis in short-segment tracheal stenosis. Second, with
this procedure, anastomotic tension, which is a factor related
to the occurrence of restenosis, can be decreased in long-
segment tracheal stenosis. We believe that these theories
are more effectively adapted for reconstruction of the small
trachea in neonates.

Non-operative management includes observation man-
agement and conservative management. Observation man-
agement is indicated for patients with minimal respiratory
symptoms in the neonatal period. Moreover, conservative
management should be attempted in patients with stable
ventilatory status under assisted ventilation even if they
cannot be weaned from ventilatory support and extubated
in the neonatal period. In this study, five patients with long-
segment tracheal stenosis and stable respiratory status were
safely managed non-operatively in the neonatal period.
However, patient 3 with no respiratory symptoms at birth
developed ventilatory insufficiency after treatment of the
other associated anomaly and required surgical interven-
tion in the neonatal period. In patients with severe tracheal
stenosis, great caution is necessary during non-operative
management. Furthermore, two of the patients subse-
quently required tracheal reconstruction after the age of
I-year. Cheng et al. [12] suggested the following as selec-
tion criteria for non-operative management at all pediatric
ages: (1) CTS is not of the long-segment type, and (2) the
diameter of the most stenotic segment is more than 60%
that of the normal tracheal diameter at the same age. Since
there is often a tendency to develop respiratory symptoms in
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association with an increase in activity, careful observation
of these patients is also necessary after the neonatal period,
especially in patients with long-segment tracheal stenosis.

A limitation of this study is that the study population
was very small. Further studies including a larger number
of participants are needed to clarify the management strate-
gies that are feasible for patients diagnosed with CTS in the
neonatal period.

In conclusion, management strategies for CTS in the
neonatal period depend on the severity of ventilatory insuf-
ficiency. We recommend surgical intervention, such as bal-
loon tracheoplasty or slide tracheoplasty, for patients with
ventilatory instability despite undergoing tracheal intubation
and assisted ventilation. In our opinion, non-operative man-
agement should be attempted in patients with stable ventila-
tion in the neonatal period.
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