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Louis Che-Kwan MA , Wa-Keung CHIU ,* Patricia IP 
Department of Paediatrics and Adolescent Medicine, United Christian Hospital, Hong Kong

*Author to whom correspondence should be addressed.
Email: chiuwkvl@netvigator.com

Introduction

Pulmonary vascular sling is a rare cause of respiratory
distress in infants. Early recognition and treatment
lead to significant relief of symptoms. We describe a
16-month-old infant with recurrent stridor due to
pulmonary vascular sling and suggest that this vascular
cause be included in the differential diagnosis of recurrent
biphasic stridor in young infants.

Case report

A 6-month-old boy presented with a history of intermittent
noisy breathing since birth. This happened especially
during feeding or when he was agitated. He was thriving
well all along. On examination, he was afebrile but
tachypneic. Biphasic stridor was audible at rest. Chest
X-Ray was unremarkable. The child was initially thought
to have laryngomalacia and flexible endoscopy by the
ENT surgeons revealed normal supraglottis down to the
level of the vocal cords. He was readmitted with recurrent
biphasic stridor for a total of 4 times in the subsequent
4 months. Barium swallow showed no abnormal
indentation of the esophagus.

At the age of 16-month, he presented with dyspnoea
with increasing biphasic stridor and impending
respiratory failure requiring intubation and ventilation
support. Flexible bronchoscopy during intubation
revealed that the lower trachea was narrowed by an
external pulsating mass just above the carina. No
other tracheobronchial abnormalities were noted.
Echocardiogram demonstrated no structural heart
lesions.

Computed tomogram of the thorax showed that the distal
trachea was compressed by an extrinsic vascular
structure at the level of the carina. The abnormal vessel

was noted to arise from the right pulmonary artery. It ran
between the trachea and the esophagus and
compressed the posterior aspect of the trachea. It
coursed towards the left pulmonary hilum and continued
as the left pulmonary artery. No other abnormal masses
were noted in the mediastinum (Figure 1). Cardiac
catheterisation identified the aberrant origin of the left
pulmonary artery from the right pulmonary artery.

The patient underwent a smooth operation with division
and re-implantation of the aberrant left pulmonary artery
into the main pulmonary trunk. The left pulmonary artery
now lies anterior to the trachea. Bronchoscopy repeated
after the operation showed that the lower trachea was
less narrowed but its lumen still had an elliptical shape.
We managed to extubate the child one day after the
operation. He had mild residual stridor, which subsided
a few weeks later.

Repeated echocardiogram revealed that the left
pulmonary artery was patent although it was slightly
narrowed in comparison with the right pulmonary artery.
Lung perfusion scan demonstrated symmetric perfusion
of both lungs. The child had been followed up for almost
one year. He remained asymptomatic and was thriving
well.

Discussion

Anomalies of the aortic arch and pulmonary arteries
constitute a diverse group of abnormalities. The clinical
manifestations range from life-threatening airway
obstruction to mildly symptomatic cases. Hunault wrote
the first pathologic description of an aortic arch anomaly
in 1735. The first pulmonary artery anomaly was reported
by Glaevecke and Doehle in 1897. In general, vascular
rings are formed when one or more aortic arch
abnormalities produce a ring that completely encircles
the trachea and esophagus, leading to symptoms of
tracheal or esophageal compression. On the contrary,
pulmonary vascular slings are produced by an abnormal
origin and course of the left pulmonary artery, which does
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not completely encircle the trachea and esophagus.
It usually produces symptoms of trachea or bronchial
compression rather than dysphagia.1,2

The term, pulmonary sling, was first coined in 1958 by
Contro et al. It is a congenital anomaly in which the left
pulmonary artery arises from the posterior surface of the
right pulmonary artery and passes leftward between the
posterior surface of trachea and the anterior surface of
esophagus, finally entering the hilum of the left lung and
divides. During its course, it compresses the distal part
of the trachea and the proximal part of the right main
bronchus. The ligamentum arteriosum passes posteriorly
from the point of origin of the right pulmonary artery to
the aorta, effectively creating a vascular sling surrounding
the trachea but not the esophagus.

The most commonly accepted embryologic explanation
put forward by Bamman et al suggested that the
abnormal regression of the proximal sixth branchial arch
on the left side was implicated as the cause of this
anomaly. The left pulmonary postbranchial plexus,
representing the vascular supply of the undivided
primitive lung tissue, would then establish arterial
connection to the right pulmonary artery by way of
channels between the trachea and esophagus.3 The role
of teratogenic agents in the formation of the pulmonary
vascular sling in humans is unknown. A primary genetic
cause is unlikely as most cases are sporadic.

In a study of 204 cases of vascular anomalies causing
tracheal compression from 1947 to 1987 by Backer,
9 patients were found to have pulmonary vascular slings.

Thus, pulmonary artery sling (PVS) is not as rare as
initially thought. Since the initial description of this
anomaly in 1897, about 150 cases were reported in the
literature.1

PVS is known to be associated with anomalies in the
cardiovascular system and the tracheobronchial tree.
Major cardiovascular anomalies were reported in about
half of patients with PVS. The most common findings
are ventricular septal defect, atrial septal defect (ostium
secundum), and patent ductus arteriosus. Complex
anomalies such as tetralogy of Fallot, dextrocardia and
truncus arteriosus with interruption of the aortic arch were
reported.2

Approximately half of the patients with PVS have
associated tracheobronchial anomalies. Congenital and
acquired abnormalities have been described. Acquired
changes occur due to an abnormal weakness or
secondary tracheomalacia over a variable extent of the
respiratory pathway. This is accompanied by complete
or partial disappearance of tracheal rings from direct
mechanical compression by the PVS. Congenital
anomalies of the tracheobronchial tree take three major
forms:1-4 (a) absence of the posterior membranous
component of the wall with complete cartilaginous rings
of the trachea and bronchi; the complete rings may be
localised to the site where the vascular sling passes
around the trachea or they may extend to a variable
distance; (b) intrinsic stenosis with hypoplasia; and
(c) abnormalities in branching of the trachea, including
tracheal bronchus. The tracheal abnormalities are
responsible for the majority of the morbidity and

Figure 1. CT scan of thorax and schematic diagram.
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mortality in children affected with PVS. Malformations
of other systems have been reported. These include
imperforate anus, Hirschsprung's disease, biliary
atresia, cleft lip and palate, and disorders of the
genitourinary tract.

The reported male-to-female ratio is about 3:2.
Respiratory symptoms predominate because of the
direct mechanical compression onto the trachea,
tracheomalacia or associated tracheal stenosis. Most
cases of PVS reported respiratory symptoms in early
infancy, in the form of cough, tachypnoea, with inspiratory
and/or expiratory stridor. In half of the cases, symptoms
were present at birth; and in two-thirds of cases they
occurred at 1 month of age. Nearly all of them had
symptoms before their first birthday. Symptoms may
begin with a mild respiratory infection. There may be
some totally symptom-free periods, but severe
obstruction may follow at any time, leading to emergency
intubations. Reflex apnoea (sudden episodes of apnoea
with cyanosis in patients with tracheal compression) may
occur and can be fatal. In contrast to vascular rings,
symptoms of esophageal compression are rarely present
in PVS.

Early diagnosis of PVS is imperative. PVS should be
considered in any infants who present with respiratory
distress, tachypnoea and biphasic stridor since birth.
Diseases with symptoms similar to PVS5-7 should be
entertained. The most common causes of biphasic stridor
in neonates and early infancy are vocal cord paralysis
and subglottic stenosis. Lesions within the lumen such
as subglottic haemangioma and foreign bodies could be
responsible. External compression caused by the more
common vascular rings (e.g. double aortic arch),
mediastinal tumours or cysts should be kept in mind.
Other causes such as congenital tracheobronchial
anomalies should also be included in the differential
diagnoses.6 Consensus on the optimal diagnostic workup
for intrathoracic upper airway obstruction and suspected
vascular rings/slings has not been reached. However,
the following diagnostic steps should be considered.

Chest radiographs may show the under ly ing
pathologies.8 With PVS, the chest radiograph may show
hyperinflation, usually on the right side. Secondary
severe right-sided emphysema has been mistaken as
primary lobar emphysema. In a review by Grover,

hyperinflation was noted in the right lung (24%) and left
lung (4%). If the obstruction is severe, atelectasis may
be seen. As the PVS turns around the distal trachea,
the carina may be displaced in an anterior and leftward
direction. This may be seen in the lateral CXR as an
anterior bowing of the distal trachea. Moreover, a
mediastinal mass may be seen between the trachea and
esophagus at the level of the carina.

Barium swallow is useful to evaluate the patency of the
esophagus and helps to identify some of the causes of
intrathoracic upper airway obstruction. Predictable
patterns of impingement of the esophagus may be seen
in about 90% of cases of vascular compression.9 In
general, it can demonstrate posterior compression of the
esophagus in the majority of the vascular rings. On the
contrary, PVS produces characteristic anterior
indentation of the esophagus, a phenomenon first
described by Wittenborg et al. The anterior esophageal
indentation is, however, not pathognomonic of PVS. The
same finding may also be seen in the rarer conditions of
ductus arterious sling and aberrant right subclavian
artery. Moreover, the characteristic anterior esophageal
indentation in PVS could be missed. In a survey by
Berdon,10 only 77% of PVS had a typical anterior
indentation.

Bronchoscopy is an important diagnostic step to
determine the anatomic causes for the airway
obstruction.5,11 Anomalies of the tracheal wall and its
lumen could be clearly visualised. In cases of vascular
compression, moderate to severe airway compression
by the anomalous vessel could be seen with erythema
and oedema of the tracheal wall.5 Arterial pulsations are
usually detectable. Because PVS has a high incidence
of associated tracheal anomalies other than simple
compression by the sling, it is particularly important to
undertake a complete examination of the trachea
with bronchoscopy. Moreover, the importance of
bronchoscopy as a monitor of successful surgical
manipulation cannot be over-emphasised.11

Echocardiogram has become a useful noninvasive
method to examine children, particularly infants, with
suspected vascular anomalies. Furthermore, it permits
recognition of any associated intra-cardiac anomalies
before the operation. However, the pick up rate is quite
variable and operator-dependent. Lillehei and Colan
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reported complete accuracy in the diagnosis of vascular
rings and slings using echocardiogram in all of their 20
patients.12 In another series by Bakker,9 the pick up rate
was only 20%. Trans-esophageal color Doppler
echocardiography allows a better image of these
posteriorly running anomalous vessels. However, the
technique is invasive, and its presence in the esophagus
can compromise the already compressed trachea,
especially for small and ill infants. For PVS, the two
common findings are, first, the absence of normal origin
of the left pulmonary artery from the main pulmonary
artery and second, establishment of the origin of the left
pulmonary artery from the right pulmonary artery.

Traditionally, definite diagnosis of PVS is made by
selective pulmonary angiography demonstrating the
abnormal origin of the left pulmonary artery from the
right pulmonary artery and its abnormal course to the
left. Recently, computed tomogram (CT) and magnetic
resonance imaging (MRI) were introduced as the
alternative methods for definitive diagnosis.9 A number
of reports summarise their use13-18 as a non-invasive
method to study vascular anomalies and mediastinal
masses causing compression of the major airways. They
are particularly useful when assessing the site and
severity of congenital tracheal stenosis in the planning
of tracheal resection and reconstructive procedures in
patients with PVS. Although MRI is relatively expensive
and requires more time than CT, its advantage of better
visualisation of the soft tissue of the mediastinum without
the use of ionising radiation or contrast medium has
made it a more superior imaging technique.16

The definitive treatment for symptomatic PVS is
surgery. Preoperative studies should indicate whether
there is simple compression stenosis of the carinal
region, or anatomic stenosis of the trachea (generally
associated with complete tracheal rings).

Gikonyo et al2 reviewed 130 cases of PVS and described
three groups. The most common presentation is infants
with PVS and primarily extrinsic compression of the
tracheobronchial tree. These patients should be treated
surgically by division and anastomosis of the anomalous
left pulmonary artery to a position anterior to the trachea.
The greatest surgical success could be anticipated in
this group. The second common presentation is infants
with associated tracheal anomalies, primarily complete

tracheal rings. Aggressive surgical management of
tracheal obstruction as well as division and re-
anastomosis of the anomalous left pulmonary artery are
required. The third rare group is asymptomatic and
requires no surgical intervention.

Postoperatively, the child should be monitored for
patency of the left pulmonary artery by repeated
echocardiogram. Repeated bronchoscopy should be
arranged in patients with persistent symptoms. In spite
of the advance in surgical techniques, the mortality of
PVS still remained at around 5%,1 mostly due to the
associated tracheobronchial anomalies. The long-term
outcome for survivors is promising with relief of
respiratory symptoms immediately after surgery.19

However, there is l ikely to be an element of
tracheomalacia associated with the long-standing
compression by the vascular anomalies.20 It may take a
few months before the child is totally free of stridor. In
one study done by Thomson et al., residual lung function
abnormalities was found in over 50% of patients on long
term follow up.20

In summary, we describe a child with recurrent biphasic
stridor due to pulmonary vascular sling. A high index of
suspicion is essential in dealing with children with
recurrent stridor.

References

1. Dohlemann C, Mantel K, Vogl TJ, et al. Pulmonary sling:
morphological findings. Pre- and postoperative course. Eur J
Pediatr 1995;154:2-14.

2. Gikonyo BM, Jue KL, Edwards JE. Pulmonary vascular sling:
report of seven cases and review of the literature. Pediatr
Cardiol 1989;10:81-9.

3. Pu WT, Chung T, Hoffer FA, Jonas RA, Geva T. Diagnosis and
management of agenesis of the right lung and left pulmonary
artery sling. Am J Cardiol 1996;78:723-7.

4. Sailer R, Zimmermann T, Bowing B, Scharf J, Zeilinger G, Stehr
K. Pulmonary artery sling associated with tracheobronchial
malformations. Arch Otolaryngol Head Neck Surg 1992;118:
864-7.

5. Smith RJ, Smith MC, Glossop LP, Bailey CM, Evans JN.
Congenital vascular anomalies causing tracheoesophageal
compression. Arch Otolaryngol 1984;110:82-7.

6. Mancuso RF. Stridor in neonates. Pediatr Clin North Am 1996;
43:1339-56.

7. Leung AK, Cho H. Diagnosis of stridor in children. Am Fam
Physician 1999;60:2289-96.

8. Pickhardt PJ, Siegel MJ, Gutierrez FR. Vascular rings in



7

Volume 1 No. 4, December 2005

symptomatic children: frequency of chest radiographic findings.
Radiology 1997;203:423-6.

9. Bakker DA, Berger RM, Witsenburg M, Bogers AJ. Vascular
rings: a rare cause of common respiratory symptoms. Acta
Paediatr 1999;88:947-52.

10. Berdon WE, Baker DH. Vascular anomalies and the infant lung:
rings, slings, and other things. Semin Roentgenol 1972;7:39-
64.

11. Filston HC, Ferguson TB Jr, Oldham HN. Airway obstruction
by vascular anomalies. Importance of telescopic bronchoscopy.
Ann Surg 1987;205:541-9.

12. Lillehei CW, Colan S. Echocardiography in the preoperative
evaluation of vascular rings. J Pediatr Surg 1992;27:1118-20.

13. Beekman RP, Hazekamp MG, Sobotka MA, et al. A new
diagnostic approach to vascular rings and pulmonary slings:
the role of MRI. Magn Reson Imaging 1998;16:137-45.

14. Siripornpitak S, Reddy GP, Schwitter J, Higgins CB.
Pulmonary artery sling: anatomical and functional evaluation
by MRI. J Comput Assist Tomogr 1997;21:766-8.

15. Beekman RP, Beek FJ, Hazekamp MG, Meijboom EJ. The
value of MRI in diagnosing vascular abnormalities causing
stridor. Eur J Pediatr 1997;156:516-20.

16. van Son JA, Julsrud PR, Hagler DJ, et al. Imaging strategies
for vascular rings. Ann Thorac Surg 1994;57:604-10.

17. Vogl TJ, Diebold T, Bergman C, et al. MRI in pre- and
postoperative assessment of tracheal stenosis due to pulmonary
artery sling. J Comput Assist Tomogr 1993;17:878-86.

18. Hendry GM, Edmunds AT, Marshall TG, Chalmers N. Sling left
pulmonary artery with congenital airway stenosis: non-invasive
investigation and conservative management? Br J Radiol 1991;
64:629-31.

19. Marmon LM, Bye MR, Haas JM, Balsara RK, Dunn JM. Vascular
rings and slings: long-term follow-up of pulmonary function.
J Pediatr Surg 1984;19:683-92.

20. Thomson AH, Beardsmore CS, Firmin R, Leanage R,
Simpson H. Airway function in infants with vascular rings:
preoperative and postoperative assessment. Arch Dis Child
1990;65:171-4.


