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Congenital anomalies of the aortic arch include a wide range of anatomic pathologies, which may be completely asymptomatic or accompanied
by severe respiratory and/or esophageal symptoms, especially in the case of complete vascular rings (VR).

Purpose — to draw the attention of pediatricians and family phisicians to possible clinical presentations of aortic arch anomalies, namely VR,
to increase their awareness of this pathology, that will contribute to differential diagnosis.

VR, are anomalies of the aortic arch that result from abnormal development of the embryonic aortic arches. The prevalence of VR
is approximately 1%, of which 55% are double aortic arch. This congenital heart defect can be either isolated or combined with other congenital
heart defects. Associated cardiac pathology occurs in 12.6%, and includes ventricular septal defect and Tetralogy of Fallot. Sometimes this
defect is associated with DiGeorge’s and Turner’'s syndrome.

The timing of appearance of clinical symptoms varies from the early neonatal period to adulthood. However, most patients develop clinical
symptoms in the first months after birth, and they indicate the need of cardiac surgery during the first year of life. Given the serious consequences
of this anomaly, VR should be included in the list of differential diagnoses of wheezing, stridor, difficulty swallowing and bronchial obstruction
syndrome in children, especially when these symptoms appear since birth, are persistent and respond poorly to standard therapeutical
approaches.

Therefore, itisimportant for pediatricians to be alert for a congenital heart defect such as VR as one of the possible causes of congenital stridor,
wheezing, and swallowing disorders in infants.

Contrast-enhanced computed tomography and magnetic resonance imaging of the heart are the diagnostic modalities of choice
for VR diagnosis. These diagnostic methods provide accurate location, nature of branching and dominance of the aortic arch as well as the
degree of compression of the airway and esophagus. Three-dimensional reconstruction helps to plan future surgical intervention.
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Bpoa)xeHi CyauHHI Kinbus IK NPUYMHa auxasibHUX Ta esodareanbHUX po3nagiB y aiten
0.0. 360poscbkal, A.A. Manbcbka?, P. Tammo3, O.B. Tetepin3, I'.€. MopkoBkiHa3

TBIHHMUBKMA HaLIOHATBHI MEAVYHNIA yHIBEPCUTET iMeHI M.I. Tnporosa, YkpaiHa

2J1bBIBCbKMI HAUJOHANBbHWA MEeaUMYHIUI YHIBepCUTET iMeHi JaHnna Fanvipkoro, YkpaiHa

31Y «HaykOBO-MpakTUYHUA MEeOMYHUI LIEHTP AMTaYOoi kapajonorii Ta kapajoxipyprii MO3 Ykpainv», M. Kuis

BpomxeHi aHomanii ayri aopTy BKIIIOHAIOTh LWMPOKUIA CNEKTP aHaTOMIYHMX MPoOaem, aki MOXyTb OyTv abContoTHO 6e3CUMNTOMHUMYK abo
CYNPOBOAXYBATUCS TSXKKMMU PeCHipaTopHUMK i/abo e3odareansH1IMm 03Hakamu, 0COBAMBO B Pasi MOBHNX CyAMHHNX Kinels (CK).

MeTa — npviBepHyTH yBary neaiatpis i CiMENHNX Nikapis 4O MOXIVMBUX KNIHIYHWX NPOSBIB aHoManin ayr aoptv, 3okpema CK; niosuwmti ix
NOIHPOPMOBAHICTb NPO IO NATONOri0, WO CNPUATUME AMPEPEHUINHIN OjarHOCTALY.

CyauHHi KinbLA — e aHomanii iyrv aopTu, SKi BUHUKAIOTb YHACIAOK NOPYLLEHHST PO3BUTKY eMOPIOHansHKX ayr. MNowmpeHicts CK cTaHOBUTb
nprbnnaHo 1%, 3 akmnx 55% — nomginHa oyra aoptv. Lia BpomxeHa Baga cepud Moxe OyTy AK i301b0BaHOI0, Tak | NOEOHYBATUCS 3 IHLUMMM
BPOAXEHMM Bagamm cepld. CynyTHA ceplieBa natonoris 3ycTpidaeTbes y 12,6% Ta Bkiodae AedekT MixXLNYHOHKOBOI Neperopoaky i Tetpany
danno. lHoaj us Bada acoLitoeTbes i3 cruHapomom Jiaxopaxi Ta TepHepa.

TepMiHN BUHUKHEHHS KITIHIYHMX CUMNTOMIB BapitoloThb Bi, PAHHLOIO HEOHATAIbHOMO Nepioay A0 A0POCN0ro Biky. OaHak y 6inbLWOCTI NaLieHTiB
KNiHIYHI CUMNTOMW BUHMKAIOTb Y NEpLi MiCAL NICS HAPOAKEHHS | OOYMOBNIOIOTL NOKa3aHHA 10 KapAioXipypriyHOro NikyBaHHA Ha NepLiomy
POL XNTTA. BpaxoByiour CeprosHi Hacniaku Liei anomanii, CK cnig BHeCTV A0 nepeniky AiarHo3iB 415 NPOBEASHHS ANDEPEHUIRHOI AiarHOCTU-
KV BI3UHTY, CTPUAOPY, MPW YTOYAHEHHI KOBTAHHA Ta CUHAPOMY OPOHXIalIlbHOI OOCTPYKLLI B AiTeit, 0COOANBO, KOV LI CUMMTOMN 3'ABNAIOTLCS Bi,
HapOMXEHHS, € CTIKKMY | NOraHo BIANOBIAAIOTL HA CTAHAAPTHI NiAXoAM A0 Tepanii.

BiaTak neajiatpam Baxnneo 6yT HACTOPOXEHUMM LLOAO Takoi BPOAXKeHOi Baay ceplst, Ak CK, oaHiel 3 NpnymH BDOAXEHOro CTPUAOPY, BIBUHIY
Ta NOPYLEHHS KOBTAHHSA B HEMOBAAT.

Komn'totepHa Tomorpadis 3 KOHTPACTHUM NIACUIEHHAM | MarHiTHO-pe30HaHCHa TOMOorpadia cepust € AiarHOCTUYHUMKU MEeTOAaMu BUOOPY
nnga nocnipxerHs CK. Came Ui AiarHOCTUYHI METOAM AAI0Tb 3MOrY BU3HAYMTY PO3TaLLYBaHHS, XapakTep pO3ranyXeHHsa Ta JOMiHYBaHHSA Ayrn
a0pTV, a TAKOX BU3HAUMTY CTYMiHb CTUCHEHHSA OVXATbHUX LUAAXIB | CTPABOXOAY. TPVBMMIPHA PEKOHCTPYKLUIA AONOMarae CrnaHyBartv XipypridHe
BTPYHaHHSA.

ABTOPY 3asBNFOTb NPO BIACYTHICTb KOHDANIKTY IHTEPECIB.

Knto4yogi cnoBa: 1yra aopTu, CyanHHe Kinbue, Bi3nHT, CTPUAOP, OiTH.
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Introduction

uring embryogenesis of aortic arch,
D a broad spectrum of congenital
anomalies may develop.

Vascular rings (VR) — is a group of anomalies
of aortic arch caused by impairment of the develop-
ment of aortic arches. VR may be composed by not
only aorta but by its branches and pulmonary ar-
tery [3,9,28]. This anomaly may be isolated or asso-
ciated with other cardiac lesions, most frequently
with Tetralogy of Fallot, patent ductus arteriosus,
ventricular septal defect and different genetic syn-
dromes like DiGeorge’s and Turner’s syndrome and
occurs with the frequency of 1% of all congenital
heart defects [13].

Vascular rings may partly or completely
obstruct trachea and esophagus and lead to its
compression.

Children with this pathology may be asymp-
tomatic or may present with respiratory and esoph-
ageal problems, which happens more frequently
and depends on the level of compression.

In most of the cases symptoms occur during
the first month after birth and determine the indi-
cations of surgical correction during the first year
of life [ 14].

In this article we present different clinical symp-
toms of VR based on our own clinical experience
and literature overview with intention to guide
pediatricians and family practitioners through this
rare pathology.

Purpose of the study — to draw the attention
of pediatricians and family phisicians to possible

clinical presentations of aortic arch anomalies,

namely VR, to increase their awareness
of this pathology, that will contribute to differential
diagnosis.

From anatomical point of view VR are classified
into complete and incomplete, the following classi-
fication helps to understand the terminology better
[6,17,22,27]:

Complete VR:

1. Double aortic arch (with dominant right
or left arch or balanced form);

2. Right sided aortic arch with aberrant left sub-
clavian artery, left-sided patent ductus arteriosus.

Incomplete VR:

1. Innominate artery compression syndrome;

2. Aberant (retrotracheal) left (pulmonary
artery sling);

3. Left-sided aortic arch with
(retroesophageal) right subclavian artery.

Double aortic arch with equal functioning of
the left and right arch — complete VR is shown on
a CT scan Fig. 1 in this case vascular ring may com-
press trachea and esophagus.

The right-sided aortic arch with aberrant left
subclavian artery and left arterial ligament are
shown in Fig. 2, in this anatomical situation the
VR will tightly compress trachea and esophagus.

The right-side aortic arch may be associated
with aberrant left subclavian artery, in some cases
this artery originates from an aneurismal dilation
of the aorta called Kommerell’s diverticulum.

Kommerell’s diverticulum is a rare vascular
anomaly that is described as an outpouch at the
onset of an aberrant subclavian artery. In the

aberrant

Fig. 1. Double aortic arch with equal functioning of the left and right arch —

complete vascular ring (CT scan — courtesy of Pediatric Cardiac Surgery
Center, Kyiv, Ukraine, DepartmentofRadiology): RAA-rightaorticarch; LAA—
left aortic arch; RSCA — right subclavian artery; LSCA — left subclavian
artery; LCCA — left common carotid; RCCA — right common carotid artery

left arterial ligament: RAA — right aortic arch; RSA — right subclavian
artery; LCCA — left common carotid; RCCA — right common carotid
artery; Kommerell’s diverticulum — bulblike widening of aorta in the place
of arising of aberrant subclavian artery
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Fig. 3. Pulmonary artery sling: RPA — right pulmonary artery; PA — pulmonary artery; LPA — aberrant left pulmonary artery; Tr. — trachea

combination of an aberrant left subclavian artery,
a Kommerell’s diverticulum and persisting ductus
arteriosus or ductal ligament enclose the lateral
side and form a VR which may lead to symptomatic
esophageal or tracheal compression. Kommerell’s
diverticulum is dangerous because of the possibili-
ty of its spontaneous rupture [5,21,23].

Fig. 3 shows pulmonary artery sling, that
is formed as a result of left pulmonary artery arising
from proximal part right pulmonary artery [10,19].
Lower part of the trachea will be surrounded by vas-
cular structures that would lead to its compression.

Clinical presentation of VR differs in patients
and is caused by compression effect of respiratory
tract and/or esophagus and depends on the ana-
tomical type, and tightness of compression.

Typically, clinical manifestation in a child with
VR may begin with loud breathing and barking
cough. In English literature barking cough is often
compared with sounds made by a seal — «seal-bark
coughy, it’s a typical cough which is similar to the
sound that is produced by these two animals. Oth-
er frequent symptoms include stridor, wheezing,
dyspnea during physical exercise and dysphagia,
and frequent respiratory infections [15].

Y. Aladham et al. in their paper «Double aortic
arch: a rare cause of stridor in infants» describe
a clinical case of a 1-month-old infant, who
presented with progressive stridor by 2 months
of age. On examination child was afebrile with
oxygen saturation levels of 94% on room air.
On auscultation vesicular breath sounds with
bilaterally reduced, yet equal, air entry with
transmitted stridor were noticed. Chest X-ray did
not reveal any pathology, as well as no foreign body
on bronchoscopy, but there was the evidence of
pulsatile circumferential constriction of the lower
trachea noted, with tendency of the tracheal wall
to collapse upon withdrawal of the bronchoscope.
A contrast-enhanced computed tomography (CT)
of the neck and chest was obtained and a VR,
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consisting of a double aortic arch, compressing
and narrowing the trachea was found. The patient
underwent surgical repair with resection of the
right arch. Further follow-up after 6 months
showed resolution of the symptoms, and active
observation was continued [1].

Authors  conclude that a  pediatric
otolaryngologist must have a high index
of suspicion in order to diagnose VR anomalies
in infants and young children presenting with
otherwise-unexplained stridor. Double aortic
arch should be included in the clinical differential
diagnosis of laryngo-tracheomalacia and neglected
foreign body aspiration [1].

Neonates may present with postural neck
enlargement, and occasionally they may reflective-
ly withhold breathing during feeds. Sometimes a
typical sign may be noticed when neonates reflec-
tively elongate their neck in order to lessen the
compression of the trachea [11,16].

It is worth mentioning that children which are
breastfed or artificially fed may not experience any
swallowing difficulties, despite the level of tight-
ness of the VR until they will start complimentary
feeding [11,16].

However, some neonates may experience
life-threatening symptoms of respiratory distress
and stop of breathing: in children with severe VR
compression and tracheomalacia severe respiratory
distress may develop, which will require intubation
and artificial breathing support following urgent
surgical correction [11,27].

It is surely worth mentioning, that there are
a lot of diagnostic mistakes associated with the
diagnosis of the VR, as its clinical symptoms are
typical for many other diseases with much higher
frequency: asthma, respiratory tract development
anomalies and gastroesophageal reflux.

There is a number of published clinical cases
with wrongful diagnosis of resistant to treatment
bronchial asthma, which was treated for couple of
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years with bronchodilators, corticosteroids and
antileukotriene medications with a late diagnosis
of VR.

The clinical case of VR masquerading
as bronchial asthma is depicted by Q. Zhang and
his colleagues in their clinical paper «Recurrent
Wheezing and Cough Caused by Double Aortic
Arch, Not Asthma». Authors described a clinical
case of 4-year-old boy with a history of recurrent
wheezing, who was admitted to the hospital due
tothe history of bronchial asthma, persistent cough,
wheezing and airway hyperresponsiveness. After
CT angiogram was performed, which confirmed
double aortic arch. Following surgical correction
led to significant relief of respiratory symptoms.
Authors conclude that timely diagnosis and surgi-
cal correction of VR prevent chronic, irreversible
respiratory complications [16].

Detailed assessment of history of life allows
physicians to reveal such complaints as stridor that
reminded croup back in early childhood, frequent
episodes of bronchial obstruction and the use
of inhalators with bronchodilators, and other re-
spiratory complaints, which were never qualified as
a certain respiratory disease [11,16,28].

Additionally, parents of older children with VR
often complain that it takes too long for their chil-
dren to chew their food and are always the last ones
to leave the dining table during pediatrician’s ap-
pointments.

Therefore, the diagnosis of VR should be
taken into consideration in differential diagnosis
with asthma or gastroesophageal reflux, which do
not respond to treatment.

Although VR are a congenital pathology, some
children with VR may become symptomatic even
in adulthood. There is a number of clinical cases
depicted in the literature.

M. Fernandez—Valls et al. described clinical
case of VR in a 62-year-old woman, who presented
with dysphagia due to the double aortic arch [8]. In
the same time N. Ochi et al. presented clinical case
of the double aortic arch and aberrant right sub-
clavian artery in a 56-year-old man, who suffered
from epigastric pain and lost more than 10% of his
weight during the period of 6 month. Diagnosis
was completed after CT scan [14].

Many researchers describe association between
anatomic types of VR and most typical symptoms.
Some of them point out that children with double
aortic arch most frequently present with respirato-
ry symptoms [25], whereas patients with aberrant
subclavian artery to the contrary present more fre-
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quently with the problems of the digestive system,
as aresult of its compression from its back side [12].

However, we agree more with M. Kir et al.,
who states that there is really no connection bet-
ween the type of VR and the development of spe-
cific symptoms. All of the above mentioned symp-
toms only determine the suspicion of the VR and
necessity of further evaluation [9].

Computed tomography serves as the most effec-
tive diagnostic modality of VR [26].

Most of the patients demand surgical correc-
tion, children with double aortic arch usually
require it much sooner, around 1.4 months after
the presentation and 4.9 months after symptoms
begin to occur. The site of the surgical correc-
tion depends on the non-dominant arch, which
is generally left-sided in nearly 71% of the patients.
Therefore, lateral thoracotomy via the left side
is usually performed [2].

Afterwards the small arch is ligated and
divided with further ligation and division of the
ductus arteriosus or ligament arteriosus, followed
by complete mobilization of the trachea and
esophagus [24]. In children with a Kommerell
diverticulum resection of the diverticulum
and reimplantation of the left subclavian artery,
end to side, with the left common carotid artery
will be performed [3].

Prognosis of VR repair is excellent with about
26 of 300 patients needing reoperation [4]. Most
of the surgeons report no early or late mortality
in their papers, only several reported only one
death [7,18,20].

Conclusions

Congenital VR are a rare finding in the prac-
tice of a pediatrician and a family physician, there-
fore the level of suspicion of the diagnosis is rela-
tively low.

Nevertheless, taking the severe complications of
this pathology into account, VR should be includ-
ed in the list of differential diagnosis, when evalu-
ating children who present with wheezing, stridor,
difficulty swallowing and bronchial obstruction in
children, especially if the symptoms are present
and persist since birth and are not responsive to
treatment.

It is important for family physicians, who refer
their patient to pediatric cardiologist or ultrasound
technician to specify their concern in terms of VR,
and the need to specifically scan aortic arch and its
vessels as not all ultrasound technicians include
this into their Echo protocol.
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Computed tomography scan and 3D re-

construction is an important diagnostic tool
in case of suspicion of VR, and will provide full vi-
sualization of the vessels, trachea, esophagus and
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