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Background: Congenital tracheal stenosis (CTS) is a rare and life-threatening disease in children.
Although pulmonary artery sling (PA sling) complicated by CTS sometimes occurs, there are few reports
detailing the management of CTS with PA sling. The purpose of this retrospective study was to determine
the appropriate indications for surgical intervention for CTS complicated by PA sling.

Methods: We evaluated 42 patients (19 males and 23 females) with the median age of 9.9+3.3 months
(range, 5-34 months) with CTS complicated by PA sling who were treated at our hospital between 2005 and
2018. Twenty-eight patients received both a slide tracheoplasty and PA re-implantation, and 14 patients were
managed conservatively for CTS. Among the latter, nine patients received PA re-implantation only, and five
were managed conservatively without any surgery. We determined the surgical indications by retrospectively
comparing the DLR value [tracheal diameter (mm)/stenotic length ratio], history of ventilator respiration,
mortality rate, and post-operative course of patients at a single institution.

Results: The cut-off value for the DLR was determined to be 5.9 (sensitivity: 0.929, specificity: 0.714) by
using the ROC curve (AUC 0.89, P<0.05).

Conclusions: A DLR value under 5.9 may serve as a new surgical indication for CTS complicated by PA

sling.
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Introduction complicated by CTS at a rate of 50-65% (3,4), and children
with PA sling who do not require tracheal surgery have

Congenital tracheal stenosis (CTS) is a rare and life- excellent outcomes (5). Chen (6) reported that the tracheal

threatening disease in children and is characterized chiefly diameter in patients who are managed conservatively

by narrowing of the tracheal tract due to complete tracheal for CTS may approach that of heathy children by age

rings and the absence of the membranous component (1).
Pulmonary artery sling (PA sling) is also a rare condition
in which the left pulmonary artery originates in the right
pulmonary artery and passes between the trachea and
esophagus, leading to the formation of a vascular ring
which surrounds and compresses the trachea (2). PA sling is
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7-9 years; hence the surgical indications for CTS with
minor symptoms need to be assessed carefully due to
the 15-26% risk of mortality associated with surgical
interventions (3,7). Huang ez al. (8) reported a tracheal
diameter of 3 mm as a cut off for surgical treatment of

CTS complicated with PAS while Anton-Pacheco (9)
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Figure 1 Flow chart of CTS complicated with pulmonary artery (PA) sling management and outcome (n=number of patients). Conservative

group, n=14 (Group A&C); surgical group, n=28 (Group B).

reported that patients with a 4-6 mm tracheal diameter
and minor symptoms can be managed conservatively.
However, there is still no accurate treatment protocol due
to the lack of sufficient evidence (10). The aim of this study
was to determine the appropriate management of CTS
complicated by PAS and to suggest a standard surgical
indication based on a retrospective analysis of 42 patients at
a single center.

Methods
Patient demographics

Forty-two patients with CTS complicated by PAS were
treated at our center between 2005 and 2018. These patients
were categorized into three groups (Figure 1): Group A,
consisting of nine patients who received PA re-implantation
only; Group B, consisting of 28 patients who received both
slide tracheoplasty and PA re-implantation; and Group C,
consisting of five patients who were managed conservatively
without any surgical intervention. In Group B, two patients
received PA re-implantation only as their primary operation
(Figure 1) although additional tracheoplasty was needed due
to respiratory dysfunction. In summary, 14 patients were
managed conservatively for CTS (conservative group: group
A + C), and 28 patients received both a slide tracheoplasty and
PA re-implantation (surgical intervention group: group B).
The diagnosis of CTS was based on clinical as well as
bronchoscopic and radiologic findings (enhanced CT),
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which revealed complete cartilage rings.

Tracheal diameter and measurement method

The lumen diameter of the most stenotic part of the
trachea in each patient was measured using CT images (in
millimeters) according to the method described by Griscom
et al. (11). The stenotic length ratio was defined as the ratio
of the length of the stenotic segment to the full length of
the trachea and was measured by enhanced CT. The total
tracheal length was defined as the length of the segment
from the carina to the lower border of the fourth cervical
vertebra, as the bottom of the cricoid cartilage in the infant
lies opposite the vertebra (12).

Predictive factors for surgical indication

We compared the conservative intervention groups (Groups
A & C) and the surgical intervention group (Group B)
in terms of their background, CT findings, respiratory
symptoms, mortality rate, and DLR (diameter/length ratio).
DLR was defined as the ratio of the narrowest diameter/
stenotic segment length to the total tracheal length [tracheal
diameter (mm)/stenotic length ratio]. The DLR value was
reported by Hong ez 4/. (13) in 2015 as a potentially reliable
indication for surgery in CTS complicated by PA sling.
Receiver operating characteristic (ROC) curve analysis was
used to identify the cut-off value for surgical treatment of
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CTS complicated by PA sling.

Surgical management of CTS complicated by a PA sling

All the patients in the present study had CT'S with complete
cartilage rings and compression due to a PA sling. The
surgical indication for these patients was based on our
hospital protocol, which stipulates a tracheal diameter
<3 mm and a tracheal length ratio >60%. Recurrent airway
symptoms, the clinical course, such as a past history of
intubation and pulmonary blood flow scintigraphy, were
also considered.

Surgery-related mortality was defined as death occurring
within 30 days after surgery or before hospital discharge.
The surgical management of CTS consisted of a slide
tracheoplasty in all cases, and the surgical treatment for PA
sling was PA re-implantation consisting of the anastomosis
of the left pulmonary artery on the pulmonary trunk.

Statistical analysis

Continuous and categorical variables were expressed as
the mean standard deviation (SD) and frequency (%),
respectively. The Fisher’s exact test and Mann-Whitney
U test were used for categorical variables to compare
data between the surgical and conservative intervention
groups. The cut-off value was determined by maximizing
the sum of the sensitivity and specificity on Youden’s index.
The confidence interval for sensitivity and specificity
were calculated by binomial test. P<0.05 was considered
statistically significant. All the data were analyzed using
IBM® SPSS® ver. 25.

Results

This study included 42 patients [19 males (45.2%) and 23
females (54.8%)], with the median age of 9.9+3.3 months
(range, 5-20 months). In the conservative group (Group
A&C), the median age was 9.9£10.4 months, the median
weight was 6.4+2.6 kg, the tracheal diameter was 4.5+0.7 mm,
the cardiac abnormality rate was 7/14 (50%), the mortality
rate was 0/14 (0%), and the history of intubation was
2/14 (14%). The characteristics of all the patients in the
conservative management group (Groups A & C) and of two
patients in Group B who received additional tracheoplasty
after PA re-implantation are shown in Table 1.

In the surgical management group (Group B), the
median age was 7.4+4.7 months, the median weight was
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5.9+1.8 kg, the tracheal diameter was 2.8+0.5 mm, the
cardiac abnormality rate was 13/28 (47%), the mortality
rate was 3/28 (12%), and the history of intubation was
14/28 (50%) (Table 2). These three patients died of
mediastinitis due to anastomotic leakage. The DLR [tracheal
diameter/stenotic length ratio (%)] differed significantly
between the conservative treatment (Group A & C) and
surgical treatment groups (Group B). History of ventilator
use and the tracheal diameter also differed significantly
between the groups. The age, body weight, mortality rate,
stenotic length ratio, and congenital cardiac abnormality
rate (%) associated with CTS did not differ significantly
between groups (Table 2). The cut-off value of the DLR,
which determined whether a slide tracheoplasty should
be performed for CTS complicated with PA sling, was
evaluated by using the ROC curve (AUC 0.89, P<0.05)
and was determined to be 5.9 (sensitivity: 0.929, specificity:
0.714) (Figure 2) A comparison of respiratory symptoms
associated with CTS between the DLR >5.9 and DLR
<5.9 groups is shown in the Table 3. The sensitivity and
specificity of DLR <5.9 for intubation history was 62%
(13/21) and 68% (17/25), respectively.

Discussion

CTS complicated by PA sling (PAS) is a rare condition in
the neonatal and infancy periods causing airway obstruction
due to complete cartilage rings surrounded by a PA.
"Tracheomalacia due to compression of the vascular ring is also
a risk factor for mortality (14). Furthermore, Cohen ez 4/. (4)
reported that patients with CTS associated with PA sling
frequently presented with cardiac abnormalities; thus, the
treatment strategy is complicated, and there is no consensus
yet on treatment due to the lack of sufficient evidence.
Yamaguchi and Oshima (14,15) suggested that both PA re-
implantation and tracheoplasty be performed in patients
with CTS associated with PA sling presenting moderate
or more severe clinical symptoms. Anton-Pacheco (9)
reported that patients with a tracheal diameter of 4-6 mm
and minor symptoms can be managed conservatively.
On the other hand, Backer ez 4/. (5) recommended a
tracheoplasty be performed. Huang ez a/. (8) recommended
that patients receive a tracheoplasty if the tracheal width
is under 3 mm. The latter recommendation was adopted
at our institution, but our experience has shown that a
tracheal diameter of 3.7 mm (Case B-2. Table 1) requires
additional tracheoplasty; hence not only the tracheal
diameter, but also the tracheal length, should be carefully
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Table 1 Characteristics of all the patients in the conservative management group (Groups A & C), and of two patients in Group B who received
additional tracheoplasty after PA re-implantation

Cardiac Age of Bgdy Tracheal Stenosis Tracheal Associated Ventilation DLR
Case Sex anomal onset weight surgel Outcome  length — diameter malformation histo value
v (kg) gery ratio (%) (mm) v
A-1 Male TOF PLSVC 9 months 6 - Survivor 57 2.8 Anorectal + 4.9
malformation
A-2 Female ASD 9 months 6 - Survivor 21 5.3 - + 25.2
A-3 Female CoA/ASD 2 months 3.1 - Survivor 43 4.0 Duodenal atresia, + 9.3
anorectal malformation
A-4 Female - 3 months 4 - Survivor 53 5.6 Kartagener syndrome - 10.6
A-5 Male - 1 years 8.7 - Survivor 35 4.4 - - 12.6
9 months
A-6 Male ASD 11 months 9.3 - Survivor 34 53 Polysplenia, left PA - 15.6
hypoplasia
A-7 Female - 9 months - - Survivor 38 4.5 Anorectal malformation - 11.8
A-8 Male VSD 1 months 2.9 - Survivor 68 41 - - 6.0
A-9 Male ASD 1 years 8.6 - Survivor 59 4.5 - - 7.6
2 months
B-1 Female ASD 3 months 3.7 Slide Death 69 2.6 - - 3.7
B-2 Female PDA 1 years 7 Slide survivor 72 3.7 - - 5.2
1 months
C-1 Male - 10 months 7.9 - survivor 65 4.3 - - 7.8
C-2 Female PDA 0 days 2.8 - survivor 78 4.7 - - 6.0
C-3 Male - 3 years 10.7 - survivor 55 5.0 - - 8.8
4 months
C-4 Female - 10 months 7 - survivor 51 4.6 - + 8.5
C-5 Male VSD 2 months 5.6 - survivor 63 4.4 - - 7.3

TOF, tetralogy of Fallot; CoA, coactation of the aorta; PLSVC, persistent left superior vena cava; ASD, atrial septal defect; VSD, ventricular
septal defect; PDA, patent ductus arteriosus; PA, pulmonary artery.

Table 2 Background and DLR values of conservative management and surgical management groups

Patients data Conservative management (Group A + Group C) Surgical management (Group B) P value
N (M:F) 14 (8:6) 28 (15:13)

Age (months) 9.9+10.4 7.4+4.7 0.749
Body weight (kg) 6.4+2.6 5.9+1.8 0.604
Tracheal diameter (mm) 4.5+0.7 2.8+0.5 <0.05
Tracheal length ratio (%) 50 [21-68] 56 [33-80] 0.254
Cardiac abnormality 7/14 (50%) 13/28 (47%) 0.827
Mortality rate 0/14 (0%) 3/28 (12%) 0.204
History of intubation 2/14 (14%) 14/28 (50%) <0.05
DLR (diameter/length ratio) 10.1£5.2 5.3+2.0 <0.05
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assessed when considering surgical intervention. Hong
et al. (13) reported that the DLR (diameter/length ratio)
may be a more reliable indicator for surgical intervention.
The DLR reflects the severity of the CTS based on the
tracheal diameter and the length of the stenotic tracheal
segment. In our study, the DLR significantly differed
between the conservative and surgical treatment groups.
The cut-off value was determined by using the ROC curve
(AUC 0.89, P<0.05). Most of our conservative cases met this
criterion. Patient A-1 (Table 1) had a DLR of 4.9, and we
suggested that she receive a slide tracheoplasty based on the
tracheal diameter and symptoms, but her parents refused.
She is currently alive with only minor airway symptoms
despite requiring respiratory ventilator management twice

after PA re-implantation. The appropriate intervention in
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Sensitivity
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Figure 2 ROC curve was evaluated to determine the surgical
indication. The AUC was 0.89 (P<0.05, 95% CI: 0.785-0.985).
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this case was most likely a slide tracheoplasty.

In contrast, the DLR value in the two patients with
an additional tracheoplasty (Casel-B, Case2-B, Tuble I)
was 3.7 and 5.2 (<5.9), clearly indicating the need for a
slide tracheoplasty during the primary operation. The
cut-off value proposed herein, based on our experience
of these cases, may serve as an indication for nonsurgical
intervention.

In addition, we evaluated the relationship between the
DLR value and airway symptoms. The DLR <5.9 group
tended to have severe airway dyspnea and more instances of
intubation. However, the specificity and sensitivity may not
be high enough for DLR <5.9 to serve as a useful indicator
of airway symptoms.

This study has some limitations. This study was
retrospective, and the recommendations as to the predictive
value of the DLR are based on limited experience. In
addition, the stenotic length of the tracheal segment
may have a disproportionate influence on DLR values
although Brouns et /. (16) reported that computational
flow-dynamics studies demonstrated that the degree of
stenosis rather than the length of the stenotic segment is
the main factor in the decrease in airway pressure, which
is chiefly responsible for the airway symptoms. Therefore,
the predictive value of the DLR requires more detailed
assessment in future prospective studies.

Conclusions

The method of managing CTS complicated by PAS is still
unclear. Our study showed that the lumen diameter and
length of the stenotic tracheal segment are important factors
in deciding the appropriateness of surgical intervention. A
DLR <5.9 may be a reliable surgical indication for a slide
tracheoplasty.

Table 3 Relationship between DLR value and airway symptoms in conservative management and surgical management groups

Conservative management (n=14)

Surgical management (n=28)

Airway symptom
DLR <5.9 (n=1)

DLR 5.9 (n=13)

DLR <5.9 (n=20) DLR 5.9 (n=8)

Dyspnea 0
Wheezing 1
Cyanosis 0
Difficult extubation 0
No symptom 0
History of intubation 1
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