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Abstract

Vascular rings are congenital defects of great vessels. They cause compression of the trachea or/and the esophagus and therefore
result in symptoms like inspiratory stridor, cough, wheezing, recurrent respiratory tract infections or dysphagia. In some cases,
the correct diagnosis can be delayed for many years, especially when vascular rings produce less severe symptoms or symptoms
mimicking other diseases (most of all asthma). In this article, we would like to emphasis the usefulness of pulmonary function test
(spirometry) in the initial diagnosis of vascular rings in school-aged children, as well as the importance of spirometry in evaluating

patients with asthma presumption.
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Introduction

Vascular rings are congenital defects of great
vessels. They develop due to abnormal formation
of the aortic arch complex. They can be either
anatomically complete rings (i.e. double aortic
arch) or anatomically incomplete or partial rings,
and then are called slings (i.e. pulmonary sling).
They cause compression of the trachea or/and the
esophagus and therefore result in symptoms like
inspiratory stridor, cough, wheezing, recurrent
respiratory tract infections or dysphagia [1-4].
Diagnosis is usually established in the first year of
life [2] — but in some cases, the correct diagnosis
can be delayed for many years, especially when
vascular rings produce less severe symptoms or
symptoms mimicking other diseases (most of all
asthma). In this article, we would like to emphasis
the usefulness of pulmonary function test (spi-
rometry) in the initial diagnosis of vascular rings
in school-aged children.
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Case reports

Case 1

A seven-year-old boy was admitted to our
hospital because of chronic wet cough and recur-
rent respiratory tract infections. His health prob-
lems had started in early infancy. In the first year
of life he was hospitalized multiple times due to
bronchiolitis/bronchitis with dyspnea and wheez-
ing, so initial diagnosis of asthma was established
and treatment with inhaled corticosteroids was
administered. The effect of the therapy was me-
diocre. Between the age of 1 and 5, the boy still
had recurrent respiratory tract infections but they
were less frequent and could have been treated
at home. The parents reported that doctors were
not always convinced what type of respiratory
disease their child had. The most common diag-
noses were just viral wheezing, recurrent cough
or bronchitis. Each infection needed multiple
visits at doctor’s office and changes in treatment.
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Figure 1. A — the flow-volume curve (before and 15 min after inhalation of salbutamol) with a plateau of forced expiratory and the inspiratory limb
suggesting a fixed central obstruction; B — the spirometry 10 months after the surgery

Table 1. Case 1 — values of spirometry parameters

Before surgery

10 months after surgery

% of predicted value Standardised % of predicted value Standardised
Z-scores Z-scores
FEV, 89 -1.38 104 -1.38
FVC 110 +1.45 103 +0.49
FEV, % FVC 72 -3.66 92 -1.06

The child was usually treated with antibiotics
and systemic corticosteroids. The most constant
sign of those infections was prolongated cough
(about 4-5 weeks).

At the age of 6, the boy started attending
school and triggered his infections again. In one
year, he underwent 2 episodes of pneumonia,
2 episodes of bronchitis and 3 episodes of laryngi-
tis, besides that, once a month he had upper respi-
ratory tract infection. The main sign of all these
infections was barking, hollow, weird cough. At
some point, his cough became wet with bringing
up sputum (not always productive), especially
in the morning. The parents also reported cough
during and after exercising.

On the admission day to our hospital, the
boy was in a good condition, with normal height
and slightly overweight, without dyspnea. We
started our diagnostic approach with spirometry
(Fig. 1A, Table 1), which showed abnormalities
in the flow-volume curve. A plateau of forced
expiratory flow and the inspiratory limb was
presented suggesting a fixed central airway ob-
struction. A flexible bronchoscopy was performed
and significant malacia affected the distal end of
the trachea, the proximal end of the main right
bronchus and the whole left main bronchus was

revealed (Fig. 2A). Chest computed tomography
(CT) with intravenous contrast finally identified
the cause — there was abnormal course of the
left pulmonary artery in the mediastinum. The
left pulmonary artery arose from the pulmonary
trunk, then passed the esophagus on his right side
and went between the esophagus and trachea and
then alongside the main left bronchus forming
pulmonary sling (Fig. 2B).

The child underwent surgery — the left pul-
monary artery re-implantation was carried out via
median sternotomy. Three months after surgery
the child was free of weird-sounding cough, he
still had cough on exertion and morning wet
cough (always effective). Ten months after sur-
gery he presented no symptoms. Furthermore, his
spirometry gradually improved (Fig. 1B, Table 1).

Case 2

An eleven-year-old girl was admitted to our
hospital because of chronic cough and recurrent
respiratory tract infections. Her health problems
had started around the age of 5. She suffered from
chronic rhinitis and recurrent bronchitis (app. 1
episode every 2 months), they were accompanied
by wheezing in the last two years. The infections
were of mild severity and the girl was never ad-
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Figure 2. A — flexible bronchoscopy — significant malacia affected distal end of the trachea, proximal end of the main right bronchus and the whole
left main bronchus; B — CT scan — abnormal course of the left pulmonary artery in the mediastinum forming pulmonary sling
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Figure 3. A — the flow-volume curve before and 15 min after inhalation of salbutamol) with a plateau of forced expiratory flow suggesting a central

airway obstruction; B — the spirometry 17 months after the surgery

Table 2. Case 2 — values of spirometry parameters

Before surgery

17 months after surgery

% of predicted value Standardised % of predicted value Standardised
Z-scores Z-scores
FEV, 97 -0.28 93 -0.67
FvC 99 -0.68 92 -0.83
FEV, % FVC 90 -1.20 96 -0.52

mitted to hospital. She was usually treated with
inhaled bronchodilators and montelukast. She
was also complaining about exercise intolerance
due to dry cough on exertion.

On the admission day to our hospital, the
girl was in a good condition, with normal height
and weight, without dyspnea. Our diagnostic
approach was initially asthma targeted — skin
prick test was done (negative), spirometry was
performed and showed abnormalities in the shape
of flow-volume curve, which did not improve af-

ter salbutamol. A plateau of the forced expiratory
flow was presented suggesting a central airway
obstruction (Fig. 3A, Table 2). Barium swallow
X-ray was done and revealed attenuation of the
contrast on the posterior wall of the esophagus.
Echocardiography and CT with intravenous con-
trast confirmed the diagnosis of vascular ring. The
ring was built by right-sided aortic arch with the
aberrant left subclavian artery.

The girl underwent surgery — vascular ring
releasing with Kommerell’s diverticulum plasty
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was carried out via posterolateral thoracotomy.
Two months after the surgery the child was in
a good condition, however, her spirometry did
not improve yet (Fig. 3B, Table 2).

Discussion

Vascular rings can manifest in a wide range
of symptoms — from severe respiratory distress to
almost asymptomatic course. Moreover, scenario
with the more serious symptoms allows to esta-
blish diagnosis in the younger age [1]. Diagnostic
difficulties arise with patient age. Symptoms
caused by vascular compression of the trachea
and/or the esophagus can very easily mimic more
common diseases like: asthma, gastro-esophageal
reflux disease [5, 6] or even unspecified eating
disorder [7].

Both our patients were as well misdiagno-
sed as having asthma. What changed the initial
diagnosis, there were the results of spirometry —
despite that the values of spirometry parameters
were within the normal range, the shape of the
flow-volume curve was abnormal. Instead of cha-
racteristic concave shape of flow-volume curve
for bronchial obstruction with reduced FEV, and
reduced FEV,/FVC ratio [8], there was a plateau
of forced expiratory flow with normal FEV, and
decreased PEF. Such changes should alert to the
possibility of central airway obstruction [9-11].

Typically, the pattern of a repeatable decre-
asing of forced expiratory flow, along without
plateau of a forced inspiratory can be seen in
a variable intrathoracic central airway obstruc-
tion. On the other hand, in a fixed central airway
obstruction, the pattern of a repeatable plateau at
a similar flow in both forced inspiratory and expi-
ratory flows can be observed. Such conclusion
cannot be drawn unless the patient makes the
maximal efforts and the shapes of the maneuvers
are repeatable [10].

Differential diagnosis of variable central
airway obstruction should include the follo-
wing: laryngeal polyp, large retrosternal goitre,
while differential diagnosis of fixed central
airway should include as follows: subglottic
stenosis — congenital or acquired (for example
after prolongated endotracheal intubation or in
the course of autoimmune and inflammatory
diseases like granulomatosis with polyangitis),
vocal cord dysfunction, vocal cord paralysis,
laryngeal web [9, 12].

The initial diagnosis of central airway obs-
truction should be subsequently followed by ima-
ging methods. No gold standard for the diagnosis

of vascular ring exists. Chest X-ray and barium
swallow X-ray are used for the first step of the
diagnostic workups. However, chest computed
tomography, magnetic resonance imaging give
more data about anatomy of vascular rings
and its relation to adjacent structures [1, 13],
whereas flexible bronchoscopy examination
determines the degree of the tracheal com-
pression and identifies tracheomalacia and/or
bronchomalacia.

In some children, surgical correction of
vascular rings can result not only in symptoms
regression but also in improvement of pulmonary
function. The obstruction presumably resolved
with the child’s growth. However, in some chil-
dren (probably older ones) abnormalities of pul-
monary function continue to stay, possibly due
to persistent tracheomalacia [5].

In this report, we would like to emphasis the
importance of spirometry for evaluating patients
with asthma presumption. Especially in patients
not responding to antiasthmatic treatment, care-
ful examination of the shape of flow-volume loop
can lead to the right diagnosis.
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