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Abstract: Objectives: Most pulmonary artery sling (PA sling) children receive left pulmonary artery (LPA) re-implan-
tation and tracheoplasty simultaneously under cardiopulmonary bypass, but postoperative complications of tra-
cheoplasty remain great challenges. This study aimed to find out what kinds of children can survive under LPA 
re-implantation without tracheal intervention. Methods: The data of 21 PA sling/tracheal stenosis children with mild, 
moderate even severe respiratory symptom receiving LPA re-implantation at first surgery in our hospital were re-
viewed. Complete tracheal ring was confirmed by fiberoptic bronchoscopy in all the children preoperatively. The clini-
cal outcome and the severity of trachea stenosis (tracheal diameter and length) were evaluated, and effectiveness 
of various managements was analyzed. Results: 21 PA sling/tracheal stenosis children received surgical treatment 
including LPA re-implantation, tracheoplasty and tracheal stent. 5 children needed intubation and mechanical ven-
tilation for severe respiratory symptoms preoperatively. All children received LPA re-implantation alone at first opera-
tion to relieve the trachea compression. For extubation failure, tracheal intervention was employed in 8 children, 
and 5 children received slide tracheoplasty and one discharged after recovery. The remaining 3 children received 
tracheal stent implantation, but finally died. The diameter and length of tracheal stenosis was significantly different 
between the children without tracheal intervention and children who needed tracheal intervention. The diameter of 
the narrowest trachea in non-tracheal intervention groupwas significantly wider than that in tracheal intervention 
group (3.18 ± 0.98 versus 2.31 ± 0.55, P=0.036), and the ratio of stenosis tracheal/total tracheal length (from vo-
cal cords to trachea carina) was statistically different (35.38 ± 14.24 versus 51.00 ± 14.14, P=0.024). Conclusions: 
PA sling Children/tracheal stenosis undergoing LPA re-implantation without tracheal intervention achieved a good 
outcome. PA sling/tracheal stenosis children who have the lesser respiratory symptoms and a larger diameter of 
narrowest trachea, would have higher possibility for surviving to discharge by LPA re-implantation alone.
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Introduction

Pulmonary artery (PA) sling is a rare and con-
genital cardiovascular disease, and usually 
associated with tracheal and/or bronchial ste-
nosis. In PA sling children, the anomalous left 
PA (LPA) originates from right PA, passes bet- 
ween trachea and esophagus, and finally ar- 
rives at the left lung. Complete tracheal rings 
are found in about 50%-65% of PA sling chil-
dren, and also refer to as “ring-sling” complex-
es [1-3]. Because of the compression of anom-
alous LPA and tracheal stenosis, a number of 
children present with respiratory symptoms 

after birth, such as cough, wheezing, stridor, 
and even severe respiratory distress resulting 
in sudden deaths [4, 5]. Since Potts et al [6] for 
the first time reported the surgery for PA sling in 
1954, the prognosis of PA sling in infants has 
not been significantly improved. It is generally 
believed that PA sling children with moderate 
respiratory symptoms or above need surgical 
treatments. Several techniques have been in- 
troduced for tracheal intervention, and slide 
tracheoplasty may be the best one. Although 
slide tracheoplasty has been used in PA sling/
tracheal stenosis children, tracheal complica-
tions still remain a great challenge postopera-
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tively. These complications include anastomot-
ic leakage and tracheal granulation. In this 
study, the outcomes of PA sling children were 
reviewed aiming to identify what kinds of chil-
dren can survive under LPA re-implantation 
alone without tracheoplasty.

Patients and methods

This was a retrospective study, 21 PA sling/tra-
cheal stenosis children who received treat-
ments in our hospital between April 2012 and 
October 2015 were recruited into this study. 
The clinical inclusion criteria were: 1) receiving 
treatments in year 2012 to 2015 (including 
2015), 2) complete cartilage trachea rings (O- 
rings) under fiber bronchoscope preoperatively 
3) LPA re-implantation only at first operation. 
The children were divided into three types ac- 
cording to the clinical respiratory symptoms: 
mild group (minimal symptoms and a trac- 
heal diameter of about 4-6 mm in infants), 
moderate group (continuous respiratory symp-
toms without respiratory distress) and severe 
group (severe respiratory symptoms with respi-
ratory distress needing mechanical ventilation). 
The values of stenosis trachea/total trachea 
length (%) were calculated according to com-
puted tomography (CT) scans. The diagnosis of 
PA sling/tracheal stenosis and other cardiac 
abnormalities were based on routine echoc- 
ardiography and CT. All CT scans were interpret-
ed by a same radiologist in the Department  
of Pediatric Radiology preoperatively, and the 

cheoplasty, and tracheal stent implantation 
was employed if weaning from ventilation failed 
after LPA re-implantation (Figure 1). Slide tra-
cheoplasty was performed through median st- 
ernotomy under cardiopulmonary bypass. Trac- 
hea transaction was performed at the mid-
point of stenotic segment, and the airway tract 
was opened in the opposite direction of both 
ends, followed by re-anastomosis with a “slide” 
method. The newly formed trachea would be 
half of the length, double of the diameter, and 
1/32 of the resistance [7].

All the children were transferred to PICU post-
operatively. Early extubation strategy was em- 
ployed immediately after anesthesia recovery. 
The duration of ventilation and PICU stay was 
recorded. The primary end point was discharge 
or mortality in hospital.

Continuous variables were expressed as mean 
± standard deviation (SD). Independent contin-
uous variables were compared with 2-tailed 
independent-samples t test. If the equal vari-
ances are not assumed, adjust t test was em- 
ployed. The categorical data are given as num-
bers or proportions. Categorical variables were 
compared with Fisher’s Exact Test, if the mini-
mum expected count was < 5. Non-normality 
variables were expressed as median (P25~ 
P75) and compared with 2-tailed nonparametric 
test. All statistical calculations were performed 
with SPSS 21.0.

Figure 1. The treat-
ment process of the 
PA sling/tracheal ste-
nosis children.

diameter and length of stenosis 
trachea were recorded. Comp- 
lete cartilage trachea rings (O- 
rings) were confirmed by fiber 
bronchoscopy in all PA sling chil-
dren preoperatively.

LPA re-implantation was per-
formed alone to relieve the tra-
chea compression through me- 
dian sternotomy at first. Card- 
iopulmonary bypass was emp- 
loyed if there were associated 
cardiac abnormalities that nee- 
ded repair or severe hypoxemia 
after LPA clamping. LPA was ta- 
ken out between trachea and 
esophagus, and implanted into 
the normal site of main PA in 
front of the trachea. Tracheal 
intervention included slide tra-
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This study was approved by the Ethics Com- 
mittee of our Hospital (2012-12-4J). Informed 
consent was obtained for each subject. Consent 
to publish has been obtained from the partici-
pant to report individual patient data.

Results

In this retrospective study, the data of 21 chil-
dren with PA sling/tracheal stenosis who rec- 
eived treatments in our hospital were reviewed 
(Table 1). There were 12 boys and 9 girls. The 
ages at surgery ranged from 1 month to 10 
years old. The weights ranged from 2.9 to 16 
kg. Four children had concomitant other lung 
anomalies. Bronchus (right upper lobe bron-
chus direct from trachea) was found in three 
children and pulmonary sequestration in anot- 
her patient. After LPA re-implantation, there 
were 13 children weaning from ventilation suc-
cessfully and surviving to discharge without  
tracheal intervention, which were regarded as 
the non-tracheal intervention group. The remai- 
ning eight children needed a further tracheal 
intervention for failure of weaning from ventila-
tion repeatedly, and were regarded as the tra-
cheal intervention group. Among these eight 
children, tracheoplasty was performed in five 
children and tracheal stent implantation in 
three children.

Between the non-tracheal intervention group 
and the tracheal intervention group, there was 

no significant difference in age (P=0.070), gen-
der (7/6 versus 5/3, P=1.000), and weight 
(10.49 ± 5.73 versus 7.1 ± 1.64, P=0.064). 
Associated cardiac anomalies were found in  
six children, five in the non-tracheal interven-
tion group, including one aortopulmonary win-
dow, one ventricular septal defect, two atrial 
septal defects, and 1 patent ductus arteriosus. 
Another one with patent ductus arteriosus was 
in the tracheal intervention group. The ratio of 
associated congenital heart defect was similar 
between two groups (5/8 versus 1/7, P=0.111).

Before LPA re-implantation, two children pre-
sented mild respiratory symptoms, moderate 
symptoms in nine children, and severe symp-
toms in the remaining two children who needed 
mechanical ventilation in the non-tracheal in- 
tervention group. In another group, three chil-
dren presented moderate respiratory sympto- 
ms, and the remaining five children with severe 
symptoms required intubation and mechanical 
ventilation support for respiratory failure. The 
respiratory symptoms were significantly sever-
er in the tracheal intervention group than  
that in the non-tracheal intervention group (P= 
0.024). But the ratio of preoperative mechani-
cal ventilation was similar between these two 
groups (2/11 versus 5/3 P=0.056).

According to CT scans, the diameter of the nar-
rowest trachea in the non-tracheal intervention 
group was wider than that in the tracheal inter-

Table 1. The characteristic and comparison factors in non-tracheal and tracheal intervention groups

Characteristic and comparison factor Non-tracheal  
intervention (n=13)

Tracheal intervention 
(n=8) Z/t P value

Age (m) 12.00 (6.50~29.00) 6.00 (5.00~10.25) -1.815 0.070
Gender (Male/female) 7/6 5/3 - 1.000
Weight (kg) 10.49 ± 5.73 7.10 ± 1.64 1.999 0.064
Associated congenital heart defect (Yes/No) 5/8 1/7 - 0.336
Respiratory symptom -2.259 0.024
    Mild 2 0
    Moderate 9 3
    Severe 2 5
Preoperative ventilation (Yes/No) 2/11 5/3 - 0.056
Stenotic tracheal diameter (mm) 3.18 ± 0.98 2.31 ± 0.55 2.261 0.036
Length of stenosis/total (%) 35.38 ± 14.24 51.00 ± 14.14 2.447 0.024
Cardiopulmonary bypass 2/11 6/2 - 0.018
Duration of ventilation postoperative (h) 1.00 (1.00~96.00) 612.00 (192.00~762.00) -3.436 0.001
Duration of PICU (d) 2.00 (2.00~8.50) 25.50 (17.00~31.75) -3.282 0.001
Outcomes
    Survivors/non-survivors 13/0 1/7 - < 0.001
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vention group, which was statistically signifi-
cant (3.18 ± 0.98 versus 2.31 ± 0.55, P=0.036). 
The ratio of stenosis tracheal/total tracheal 
length (from vocal cords to trachea carina) was 
compared between two groups. It was found 
that more children with long segment tracheal 
stenosis in the tracheal intervention group than 
the non-tracheal intervention group, which was 
statistically significant (35.38 ± 14.24 versus 
51.00 ± 14.14, P=0.024).

During the LPA re-implantation surgeries, two 
children in the non-tracheal intervention group 
needed cardiopulmonary bypass (CPB) for re- 
pairing heart defect simultaneously. In another 
group, six children needed CPB for severe hy- 
poxemia after LPA clamping. The utilization of 
CPB in the tracheal intervention group was sig-
nificantly higher than the non-tracheal interven-
tion group (6/2 versus 2/11, P=0.018). Both 
durations of PICU and ventilation time post-
operatively in the non-tracheal intervention 
group were significantly shorter than those in 
the tracheal intervention group (duration of 
PICU: P=0.001, ventilation time post-operative: 
P=0.001). After LPA re-implantation, 13 PA 
sling children survived to discharge without any 
more tracheal intervention. Among eight chil-
dren who needed tracheal intervention after 
LPA re-implantation, only one children survived 
to discharge, and the remaining seven children 
died. Four died of respiratory failure finally due 
to tracheal anastomotic leakage and anasto-
motic granulation tissues after tracheoplasty; 
three children died of respiratory failure after 
stent implantation (Figure 1).

Discussion

21 LPA sling/tracheal stenosis children who 
received LPA re-implantation were included in 
this study. 13 children survived to discharge, 
and eight children needed tracheal intervention 
due to failure of weaning from mechanical ven-
tilation after LPA re-implantation. Among the- 
se children who needed tracheal intervention, 
seven died of respiratory failure due to tracheal 
complications. The children in the non-tracheal 
intervention group showed significantly wider 
diameter and short segment of the stenosis 
trachea, and presented with milder respiratory 
symptoms than those in the tracheal interven-
tion group. After LPA re-implantation, if the chil-
dren failed to wean from ventilation and need-
ed tracheal intervention, the mortality was sig-

nificantly higher than the children who didn’t 
need tracheal intervention.

PA sling is a rare and congenital cardiovascular 
disease in children, and often associated with 
tracheal stenosis and complete tracheal carti-
lage ring [4, 8]. A large survey in school-aged 
children in Taiwan [9] showed that the natural 
incidence of PA sling was about 59 per million 
in school-aged children. PA sling children can 
survive to schoolage without any clinical symp-
toms even in the presence of complete tracheal 
cartilage ring. According to clinical respiratory 
symptoms and CT scans, Anton-Pacheco et al 
[10] found that PA sling could be divided into 
three types: mild type (minimal symptoms and 
a tracheal diameter of about 4-6 mm in infants), 
moderate type (continuous respiratory symp-
toms without respiratory distress) and severe 
type (severe respiratory symptoms with respira-
tory distress needing mechanical ventilation). 
PA sling children with mild symptoms are fre-
quently treated with conservative strategies in 
most medical centers due to the concerns of 
risks of CPB and tracheal complications post-
operatively [10-12]. In these study, there were 
four PA sling children with mild symptoms 
receiving LPA re-implantation alone for com-
plete cartilage trachea rings and received surgi-
cal treatments. Backer et al suggested that if 
PA sling children exhibited complete tracheal 
rings, tracheoplasty was required [13]. If PA 
sling/tracheal stenosis children have associat-
ed moderate and above clinical symptoms, LPA 
re-implantation and tracheoplasty are recom-
mended simultaneously through median ster-
notomy under CPB [14-19]. Tracheoplasty can 
treat the tracheal stenosis and ensure ade-
quate ventilation early postoperatively. After 
slide tracheoplasty was used to treat tracheal 
stenosis, the clinical outcomes of PA sling/tra-
cheal stenosis children have been remarkably 
improved in recent decades [11, 18, 20], but 
the postoperative complications of tracheop- 
lasty remained a great challenge, such as anas-
tomosis leakage, granulation tissue formation 
and tracheobronchomalacia. Neither tracheal 
stent implantationnor surgical treatment is an 
effective measure for the treatment of these 
tracheal complications [21-23]. Until December 
2015, a total of five PA sling children received 
slide tracheoplasty after LPA re-implantation in 
our hospital and only one survived to discharge. 
Two children died of respiratory failure due to 
granulation tissue growing at the tracheal anas-
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tomosis site, although tracheal balloon dilation 
was employed. Two children died of leakage at 
the tracheal anastomosis site after tracheo-
plasty. Three children received tracheal stent 
implantation after LPA re-implantation, and all 
of them died of respiratory failure. Tracheal 
stent implantation was also not an ideal treat-
ment even after LPA re-implantation for PA 
sling. Tracheal intervention of PA sling showed 
poor outcomes, which was tried to avoid.

Which kinds of PA sling patients can possibly 
survive to discharge only by LPA re-implanta-
tion without tracheal intervention? The charac-
teristics and comparison factors in the non-
tracheal and tracheal intervention groups were 
reviewed and analyzed. They were similar in 
age, gender, and body weight. Although more 
children hadcongenital heart defects in the 
non-tracheal intervention group, which needed 
CPB for repairing heart defects and made LPA 
re-implantation difficult, but they didn’t lead to 
tracheal intervention.

There was significant difference in clinical fac-
tors between the non-tracheal intervention and 
tracheal intervention groups preoperatively. 
The children in tracheal intervention group 
showed severer respiratory symptoms. Accor- 
ding to CT findings, significant difference was 
noted in the diameter of the narrowest trachea 
and length of stenosis/total (%) between these 
two groups. The children in non-tracheal inter-
vention group have wider diameter of the tra-
chea and shorter segment of tracheal stenosis. 
Thus, respiratory symptoms, diameter and seg-
ment of trachea stenosis can be reliable indica-
tors for avoiding tracheal intervention and pre-
dicted a good outcome in PA sling children. 
Huang et al also proposed that if PA sling chil-
dren had a diameter of the trachea < 3 mm, 
tracheoplasty and LPA re-implantation were 
needed [24].

Early extubation and non-invasive continuous 
positive airway pressure were employed in 
PICU after LPA re-implantation. Even with re-
intubation after surgeries, early re-extubation 
should be tried again. CPB should be avoided 
as far as possible during LPA re-implantation, 
which can reduce the tracheal secretions and 
make postoperative extubation easier. More 
children in the tracheal intervention group 
needed CPB during LPA re-implantation due  
to hypoxemia after LPA clamping, which was 

closely related to severe clinical respiratory 
symptoms and bad situation of trachea.

In this study, 13 PA sling children surviving to 
discharge did show improved symptoms, even 
with complete tracheal rings and without any 
tracheal intervention. No LPA obstruction was 
observed in any PA children postoperatively. 
This situation in this article was consistent with 
some other literature studies [25, 26]. There- 
fore, it is speculate that the PA sling/tracheal 
stenosis children who have milder respiratory 
symptoms, wider diameter and shorter seg-
ment of stenosis trachea, would have higher 
possibilities to survive by LPA re-implantation 
alone.

Because PA sling is a rare and congenital vas-
cular disease, so only 21 PA sling/tracheal ste-
nosis children were included in this study. The 
longest follow-up period of survivors receiving 
LPA re-implantation alone was three years, and 
thus the long-term outcomes of these children 
remain unknown.

Conclusions

PA sling/tracheal stenosis children undergoing 
LPA re-implantation without tracheal interven-
tion achieved a good outcome. PA sling/trache-
al stenosis children, who have milder respira-
tory symptoms and larger diameter of narrow-
est trachea, would have higher possibility for 
surviving to discharge by LPA re-implantation 
alone.
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