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 Summary
	 Background:  The	 term	 „vascular	 ring”	 determines	 abnormal	 congenital	 arrangements	 of	 arteries	 that	 encircle	

trachea	 and	 esophagus.	 The	 rings	 may	 be	 partial	 or	 complete,	 composed	 only	 from	 the	 vessels	
or	 from	 the	 vessels	 combined	 with	 fibrous	 structure	 (usually	 ligamentum arteriosum).	 They	
are	 formed	 by	 derivatives	 of	 the	 embryonic	 aortic	 arches	 –	 most	 often	 from	 the	 IVth	 pairs		
(e.g.	double	aortic	arches	or	right	aortic	arches)	or	from	the	VIth	pairs	 (e.g.	 left	pulmonary	artery	
sling).	Depending	on	the	tightness	of	the	ring,	these	abnormalities	may	be	clinically	asymptomatic,	
evoking	 repeated	 respiratory	 difficulties	 and/or	 dysphagia	 in	 children	 at	 the	 school	 age	 or	
pronounced	 respiratory	 distress	 in	 newborns.	 Nowadays	 MR	 or	 MSCT	 imaging	 is	 applied	 to	
visualize	the	vessels	anomalies.	Aim: To	present	the	examples	of	MSCT	appearances	of	the	vascular	
rings	and	their	effects	on	tracheobronchial	tree	and	esophagus	in	children.	

 Material/Methods:  Five	 children,	 aged	 1	 month	 –	 13	 years,	 with	 suspicions	 of	 vascular	 rings	 underwent	 MSCT	
investigation	of	the	chest	by	means	of	16-row	scanner	(Aquillon,	Toshiba),	using	voltage	of	120	kVp,	
current	 values	 40	 mA	 –	 170	 mA	 and	 tube	 rotation	 time	 500	 ms.	 In	 all	 cases	 three	 dimensional	
reformatting	was	performed.

	 Results:	 1.	 One-month-old	 girl	 with	 respiratory	 difficulties,	 cyanosis	 and	 recognized	 tetralogy	 of	 Fallot	
presented	 the	 anatomy	 of	 double	 aortic	 arch	 with	 left	 arch	 atresia.	 2.	 Two	 children:	 13-year-old	
boy	with	recurrent	respiratory	infections	and	stridor	and	7-year-old	girl	treated	for	asthma	(false	
positive	diagnosis)	–	showed	rings	caused	by	right	aortic	arch	with	aberrant	left	subclavian	artery,	
completed	by	 left	 ligamentum arteriosum.	 3.	The	 left	 aortic	 arch	with	aberrant	 right	 subclavian	
artery	 (arteria lusoria)	 with	 esophageal	 compression	 was	 recognized	 in	 sixteen-month-old	 boy	
without	 clinical	 symptoms	 of	 dysphagia	 or	 respiratory	 difficulties.	 4.	 Left	 pulmonary	 artery	
sling	 was	 seen	 in	 13-month-old	 girl	 with	 respiratory	 distress;	 there	 were	 also:	 a.)	 concomitant	
common	trunk	for	 innominate	artery	and	 left	common	carotid	artery	and	b.)	persistent	 left	vena	
cava	superior.	The	compressions	and	stenoses	of	the	tracheobronchial	tree	and/or	esophagus	were	
visualized	in	all	patients.	The	radiation	dose	reduction	was	obtained	due	to	the	diminishing	of	the	
current	values	in	the	study	protocol	e.g.	to	40	mA	(20	mAs)	in	neonates	and	infants.

	 Conclusions:  MSCT,	 with	 low	 dose	 protocol,	 allows	 for	 accurate	 and	 comprehensive	 display	 of	 the	 vessels,	
trachea	 with	 main	 bronchi	 and	 esophagus	 in	 vascular	 rings	 in	 children.	 This	 visualization	 is	
significant	and	adequate	for	preoperative	surgical	planning.	
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Background

Vascular	 rings	 are	 defects	 of	 large	 vessels	 which	 con-
sist	 in	 their	 circular	 arrangement	 around	 trachea	 and	
	esophagus.	The	rings	can	either	be	partial	or	 full,	encir-
cling	 these	 organs	 completely.	 They	 can	 be	 composed	
only	from	the	vessels	or	from	the	vessels	combined	with	
fibrous	structure;	the	latter	usually	produces	more	diag-
nostic	 difficulties	 [1,	 2].	 The	 described	 abnormal	 vessel	
arrangement	can	result	from	developmental	disorders	in	
one	or	 more	 of	 the	 six	pairs	 of	 embryonic	 aortic	 arches	
[2].	Very	often	 it	 is	 a	 congenital	 disease	which	 concerns	
4th	 pair	 of	 primary	 arches	 which,	 in	 normal	 conditions,	
transforms	 into	 left-sided	aortic	arch	on	 the	 left	and	on	
the	 right-into	 brachiocephalic	 trunk	 with	 proximal	 part	
of	right	subclavian	artery.	Due	to	the	disordered	develop-
ment,	 there	 can	 be	 a	 wide	 range	 of	 congenital	 lesions	
around	 the	 aortic	 arch	 and	 its	 branches,	 most	 often	
	double	arch	or	right-sided	aortic	arch.	Less	often	the	dis-
order	 affects	 the	 6th	 pair	 of	 aortic	 arches	 which	 are	 the	
origin	of	pulmonary	arteries	and	arterial	duct,	while	the	
sling	of	left	pulmonary	artery	is	an	example	of	particular	
developmental	disorder	[1,	2].	

It	 is	 possible	 that	 the	 presence	 of	 vascular	 ring	 has	 no	
influence	 on	 anatomical	 image	 and	 function	 of	 adjacent	
organs	but	it	often	causes	compression	on	tracheal	and/or	
esophageal	wall	and	leads	to	narrowing	of	lumen	of	these	
organs	 –	hence	 the	 term	of	 “vascular	 tracheo-esophageal		
compression	 syndrome”	 [3].	 Obviously,	 occurrence	 of	
	clinical	 symptoms	 and	 their	 intensity	 depend	 on	 the	
degree	 of	 narrowness-	 the	 degree	 of	 compression	 of	 tra-
chea	 and	 esophagus	 by	 vessels	 and	 fibrous	 structures	
(usually	 ligamentum arteriosum).	 The	 observed	 symp-
toms,	especially	in	infants,	include	cough	and	respiratory	
difficulties	 with	 associated	 cyanosis,	 caused	 or	 intensi-
fied	during	nursing	and	 frequent,	 recurrent	 infections	of	
respiratory	system.	Dysphagia	occurs	more	often	in	older	
children	and	adult	patients	who	were	previously	clinically	
asymptomatic	[1-8].	

The	 aim	 of	 diagnostic	 imaging	 in	 case	 of	 suspicion	 of	
vascular	 ring	 in	 view	 of	 planned	 surgical	 treatment	
should	be	[3]:

•		precise	presentation	of	anatomy	of	the	structures	around	
trachea	and	esophagus

•		determination	whether	the	clinical	symptoms	are	caused	
by	vascular	abnormalities

•		determination	 of	 lesions	 around	 trachea	 or	 esophagus,	
independent	from	vascular	ring

•		detection	of	significant	disorders	affecting	heart	(associa-
ted	heart	disease)	and	other	vessels	–	outside	the	ring.	

Such	visualization	can	be	provided	by	the	MR	or	multislice	
CT	technique	in	all	the	above-mentioned	aspects.	

This	 study	 presents	 images	 of	 vascular	 rings,	 trachea	 and	
esophagus	obtained	from	5	children	by	means	of	the	latter	
method.	

Materials and methods

From	June	2003	to	January	2006	five	children:	3	girls	and	
2	boys,	aged	1	month	–	13	years,	with	suspicion	of	vascular	
ring,	underwent	one-step	examination	of	 the	thorax	using	
the	multislice	CT,	after	intravenous	contrast	medium	admi-
nistration.	

Four	 patients	 with	 symptoms	 of	 dysfunctions	 in	 respira-
tory	 system	 were	 diagnosed	 and	 treated	 at	 the	 Clinic	 of	
Cardiology	 and	 Clinic	 of	 Cardiosurgery	 of	 Polish	 Mother’s	
Memorial	 Hospital	 Research	 Institute	 and	 one	 patient	
(patient	 RT,	 nr	 4)	 with	 abnormal	 esophagogram	 –	 at	 the	
Department	 of	 Pediatric	 Cardiology,	 Medical	 University	
in	Lodz.	

The	 CT	 examination	 was	 performed	 with	 16-row	 Toshiba	
–	 Aquillon	 scanner	 at	 the	 “Kopernik”	 Diagnostic	 Centre	 in	
Lodz.	Non-ionic	contrast	medium	was	applied	in	a	dose	of	
1	ml/kg	of	body	mass,	with	concentration	of	300	mg	 I/ml.	
The	technical	parameters	were:	voltage	120	kVp,	tube	rota-
tion	time	500	ms	and	current	values	dependent	on	patient’s	
age	–	range	40–170	mA.	Three	dimensional	reconstructions	
of	 vessel	 images	 were	 performed	 in	 all	 patients,	 in	 selec-
ted	patients	also	reconstructions	of	trachea	and	esophagus	
with	virtual	bronchoscopy.	

Results

1. Double aortic arch with atresia of left arch 

Patient	 WD,	 nr	 1.	 1-month-old	 girl,	 weight	 4	 kg,	 referred	
to	 CT	 exam	 due	 to	 respiratory	 difficulties,	 cyanosis,	 with	
suspicion	of	double	aortic	arch.	Child	born	from	pregnancy	
I,	labor	I,	spontaneous,	with	birth	weight	of	2900	g,	Apgar	
in	the	1st	minute	-10	points,	diagnosed	cardiologically	from	
the	 1st	 day	 of	 life	 due	 to	 cyanosis.	 Echocardiography	 and	
Doppler	 examination	 of	 large	 vessels	 revealed	 congenital	
heart	disease	in	form	of	tetralogy	of	Fallot	and	double	aor-
tic	arch.	

The	 image	 of	 thorax	 in	 a	 4-week-old	 child	 showed	 wider	
shade	of	upper	mediastinum	on	the	right,	which	was	des-
cribed	as	a	shadow	of	thymus;	trachea	 in	median	 line,	air	
column	in	lower	part	of	trachea	-	hardly	visible.	

CT	examination	was	performed	with	the	following	parame-
ters:	120	kVp,	40	mA	i	500	ms.

The	examination	 revealed	double	aortic	arch	with	domi-
nating	 right-sided	 arch	 and	 atresia	 of	 the	 left	 between	
left	subclavian	artery	and	descending	aorta.	Two	arteries	
were	branching	off	from	the	right	arch:	proximally-	right	
common	carotid	artery	and	then	right	subclavian	artery;	
similar	 order	 was	 observed	 in	 two	 arteries	 arising	 from	
the	 left	 aortic	 arch.	 Atresia	 of	 left	 arch	 concerned	 the	
section	 between	 the	 left	 subclavian	 artery	 and	 descen-
ding	 aorta	 (fig.	 1A).	 We	 observed	 bilateral	 narrowing	 of	
tracheal	 lumen:	 on	 the	 right	 -	 by	 right-sided	 aortic	 arch	
and	 on	 the	 left-	 probably	 by	 fibrous	 structure	 (fig.	1B).	
Descending	 aorta	 was	 visible	 right	 to	 the	 spine.	 In	 5th	
week	 of	 life	 the	 child	 underwent	 cardiosurgical	 proce-
dure	 which	 consisted	 in	 anastomosis	 of	 left	 subclavian	
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artery	 with	 left	 pulmonary	 artery	 and	 cutting	 the	 arte-
rial	duct	located	on	the	left	side,	what	resulted	in	opening		
the	ring.	

2. Right-sided aortic arch with aberrant left subclavian 
artery. 

Patient	MS,	No	2.	A	13-year-old	boy	with	recurrent	 infec-
tions	of	respiratory	tract,	with	stridor	and	bad	toleration	of	
exercise	was	sent	to	the	Clinic	of	Cardiology	with	suspicion	
of	vascular	ring.	

The	 image	 of	 thorax	 showed	 right-sided	 aortic	 arch	 with	
modeling	and	narrowing	of	air	column	in	trachea	from	the	
right	side,	while	the	trachea	was	slightly	dislocated	to	the	
left	(fig.	2A).	

Echocardiographic	and	Doppler	examination	of	large	ves-
sels	 showed	 no	 deviation	 from	 standard,	 neither	 within	
the	aortic	arch,	nor	its	branches	or	location	of	descending	
aorta.	 Catherization	 of	 heart	 with	 angiography	 of	 large	
vessels	showed	right-sided	aortic	arch	with	both	common	
carotid	arteries	branching	off	from	anterior	part	of	arch;	
both	subclavian	arteries	arose	from	the	posterior	part	of	
aortic	 arch.	 Multislice	 tomography	 of	 thorax	 was	 car-
ried	out	using	120	kVp,	170	mA	and	500	ms.	Right-sided	
aortic	 arch	 with	 the	 left	 common	 carotid	 artery	 bran-
ching	 off	 from	 ascending	 part	 of	 artery	 was	 visualized,	
together	with	(in	order):	right	common	carotid	artery	and	
right	subclavian	artery.	The	left	subclavian	artery	(aber-
rant	 artery)	 arose	 from	 evident	 bulge	 of	 the	 arch-	 the		
Kommerell’s	diverticulum	(fig.	2B).	The	descending	aorta	
was	on	the	right	side.	The	trachea	–	on	the	right	compres-
sed	 by	 the	 aortic	 arch	 and	 in	 the	 back-by	 Kommerell’s	
diverticulum	 (fig.	 2C).	 The	 operation	 performed	 two	
weeks	later	confirmed	the	CT	scan.	The	vascular	ring	was	
closed	on	the	 left	side	with	arterial	 ligament,	which	ran	
from	 Kommerell’s	 diverticulum.	 This	 ligament	 was	 cut	
opening	the	ring.	

Patient	 PJ,	 No	 3.	 A	 7-year-old	 girl	 referred	 to	 CT	 exam	
with	 suspicion	 of	 vascular	 ring.	 Since	 infancy,	 the	 child	
showed	recurrent	infections	of	respiratory	tract	with	dys-
pnea;	 hospitalized	 repeatedly	 and	 treated	 for	 bronchial	

asthma.	 The	 diagnostics	 and	 treatment	 in	 two	 different	
pediatric	 academic	 institutes	 allowed	 diagnosing	 the	
vascular	ring.

The	 roentgen	 image	 of	 the	 thorax,	 apart	 from	 interstitial	
opacities	within	the	 lungs	–	most	probably	with	character	
of	chronic	inflammatory	lesions,	showed	no	deviation	from	
standard,	 the	 trachea	 in	median	 line	with	no	visible	 signs	
of	compression.	

The	echo	and	Doppler	examination	of	large	vessels	showed	
right-sided	 aortic	 arch	 with	 four	 arterial	 vessels	 bran-
ching	off.	

The	 parameters	 of	 CT	 examination	 were	 as	 follows:	
120	kVp,	 100	 mA	 and	 500	 ms.	 The	 examination	 revealed	
right-sided	 aortic	 arch	 with	 branches	 (starting	 from	 the	
descending	 aorta):	 left	 common	 carotid	 artery	 and	 then	
the	right	arteries	–	common	carotid	and	subclavian	artery;	
left	subclavian	artery	(the	aberrant	artery)	arising	from	the	
Kommerell’s	 diverticulum.	The	 latter	 caused	 impression	of	
membranaceous	 trachea	 (fig.	 3A).	 Also,	 the	 lumen	 of	 right	
main	bronchus	was	narrowed	between	the	descending	aorta	
and	 right	pulmonary	artery.	Descending	aorta	on	 the	 right	
(fig.	3B).	The	above-mentioned	narrowing	was	also	visuali-
zed	with	the	method	of	virtual	bronchoscopy	(fig.	3C).	

Elective	 surgical	 procedure	 carried	 out	 two	 months	 after	
the	CT	consisted	in	cutting	the	arterial	ligament	located	on	
the	left	side.	Further	clinical	observation	presented	regres-
sion	of	dyspnea	previously	evaluated	as	a	symptom	of	bron-
chial	asthma.	

3. Left-sided aortic arch with aberrant right subclavian 
artery.

Patient	RT,	No	4.	A	16-month-old	boy	with	compression	of	
esophagus	at	the	level	of	Th3	revealed	in	radiological	exa-
mination	was	referred	to	CT	exam	with	suspicion	of	vascu-
lar	defect.	Child	born	 from	pregnancy	VII,	 labor	V,	 in	35th	
week	 of	 intrauterine	 life	with	birth	weight	 of	 2800	 g	 and	
8	 points	 in	 Apgar	 scale	 in	 the	 first	 minute	 of	 life.	 Due	 to	
murmur	above	the	heart	which	was	observed	since	he	was	
born	and	patent	arterial	duct	the	child	was	under	cardiolo-

Figure 1.	 	One-month-old	girl	presented	with	respiratory	difficulties	and	cyanosis;	double	aortic	arch	with	left	arch	atresia.	A.	Axial	scan	on	the	level	
of	the	left	brachiocephalic	vein:	right-sided	aortic	arch	with	fibrous	remnant	of	the	left	arch	–	between	left	subclavian	artery	and	descending	
aorta.	B.	Frontal	reconstructed	image	-	bilateral	tracheal	narrowing:	right-sided	by	aortic	arch,	on	the	left	side	due	to	the	fibrous	structure.

BA
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gic	care.	In	9th	month	of	life	barium	contrast	image	showed	
narrowing	of	esophageal	lumen	at	the	level	of	Th3,	probab-
ly	caused	by	a	structure	located	prevertebrally,	what	led	to	
the	suspicion	of	abnormal	course	of	the	vessel	(fig.	4A,	4B).	
However,	the	patient	was	generally	in	good	condition,	with-
out	 dysphagia	 or	 symptoms	 from	 respiratory	 system.	 In	
echocardiographic	 examination	 the	 anatomy	 of	 heart	 and	
aortic	arch	were	evaluated	as	normal.	Patent	arterial	duct	
was	not	found.	The	boy	was	also	diagnosed	with	nutritional	
allergy.	Six	months	later	another	contrast	roentgen	exami-
nation	of	the	child	(15-month-old)	confirmed	the	previously	
described	compression	of	esophagus.	Follow-up	echocardio-
graphic	 examination	 revealed	 a	 vessel	 with	 arterial	 flow	
arising	from	the	descending	part	of	aortic	arch.	

The	CT	of	thorax	was	carried	out	with	120	kVp	,	50	mA	and	
500	ms.	We	found	left-sided	aortic	arch	and	branch	of	the	
right	subclavian	artery	left	to	the	arch,	as	the	last	branch	of	
aortic	arch	(arteria lusoria)	(fig.	4C).	The	artery	ran	behind	
the	 esophagus,	 narrowed	 its	 lumen	 causing	 dilatation	 of	
esophagus	 above	 and	 below	 the	 obstruction	 (fig.	 4D	 and	
4E).	 The	 image	 of	 lumen	 and	 tracheal	 walls	 was	 normal.	
The	descending	aorta	led	on	the	left	side.	A	lobe	of	azygos	
vein	was	considered	as	an	additional	anomaly.	A	2-year-old	

child	underwent	another	clinical	evaluation	and	proved	to	
be	in	a	good	condition,	respiratory	and	circulatory	efficient,	
with	no	signs	of	dysphagia.	

4. Sling of left pulmonary artery 

Patient	 AD,	 No	 5.	 A	 13-month-old	 girl	 with	 respiratory	
distress	and	congenital	vascular	anomaly	causing	compres-
sion	 of	 trachea,	 was	 admitted	 to	 the	 Clinic	 of	 Cardiology		
for	 evaluation	 of	 the	 circulatory	 system	 and	 qualification	
to	defect	correction.	

In	 echo	 examination	 the	 heart	 was	 normal;	 in	 Doppler	
exam	there	was	persistent	left	superior	vena	cava;	pulmo-
nary	 trunk	 significantly	 elongated,	 with	 right	 pulmonary	
artery	narrowed	around	the	bifurcation	and	dilatated	from	
that	 point	 on;	 left	 pulmonary	artery	 –	 long,	narrow,	with	
abnormal	course.	

The	 CT	 was	 performed	 with	 voltage	 of	 120	 kVp,	 current	
of	40	mA	and	time	of	tube	rotation	of	500	ms.	Loop	of	left	
pulmonary	artery	was	found	–	the	artery	 led	transversely	
at	 the	 level	 of	Th5,	 initially	 to	 the	 right,	 around	 the	 right	
tracheal	wall,	 causing	narrowing	of	 its	 lumen	right	above	

Figure 2.	 	Boy,	13-year-old,	with	recurrent	pneumonia	and	stridor;	
right-sided	aortic	arch	with	aberrant	left	subclavian	artery.	
A.	Chest	X-ray:	narrowing	of	the	air	column	in	trachea	by	
right-sided	arch.	B.	3D	reconstructed	image:	four	branches	
of	the	aortic	arch	–	left	subclavian	artery	arising	from	
Kommerrel’s	diverticulum;	vascular	ring	is	tight.	C.	Axial	
scan	on	the	level	of	the	aortic	arch:	right-sided	aortic	arch	
with	aberrant	left	subclavian	artery	(arrow)	arising	from	the	
Kommerrel’s	diverticulum	(asterix);	tracheal	narrowing.

A
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the	bifurcation,	and	then	between	trachea	and	esophagus-

to	the	left	pulmonary	hilus	(fig.	5A).	Left-sided	aortic	arch;	
descending	 aorta	 on	 the	 left.	 Other	 vascular	 anomalies	
included:	 a)	 short	 common	 trunk	arising	 from	aortic	 arch	
right	 before	 the	 trachea,	 its	 branches	 were	 brachiocepha-
lic	trunk	and	left	common	carotid	artery;	b)	persistent	left	
superior	vena	cava	(fig.	5B).	Moreover,	within	the	tracheo-
bronchial	tree	we	confirmed	the	presence	of	tracheal	diver-
ticulum	on	its	 lateral	wall	on	the	right	side	at	the	level	of	
Th3	 and	 narrowing	 of	 the	 right	 main	 bronchus.	 The	 left	
main	bronchus	was	also	narrow	(fig.	5C).	

The	 surgical	 procedure	 carried	 out	 several	 days	 after	 the	
CT	examination	confirmed	not	only	the	radiological	assess-
ment	of	vascular	anomalies	but	also	 the	changes	 in	 respi-
ratory	 tract.	 The	 course	 of	 left	 pulmonary	 artery	 was	
	corrected.	The	roentgen	images	of	thorax	taken	during	that	
time	 clearly	 showed	 narrowed	 lumen	 of	 inferior	 part	 of		
the	 trachea	which	 led	 in	median	 line.	Five	days	 later,	due	
to	 ventilation	 difficulties	 the	 narrowed	 segment	 of	 tra-
chea	 was	 excised-	 1	cm	 long,	 right	 above	 the	 bifurcation.	

Ventilation	problems	did	not	recede	and	the	patient	died	in	
the	 postoperative	 period.	 The	 pathomorphologic	 examina-
tion	of	 the	excised	 tracheal	 sample	 revealed	hypoplasia	of	
the	organ	–	the	diameter	of	its	lumen	did	not	exceed	3	mm;	
the	structure	of	tracheal	wall	was	described	as	normal.	

Discussion

Anatomy of vascular rings

Vascular	rings	show	wide	spectrum	of	developmental	disor-
ders	 in	 both	 –	 the	 clinical	 and	 anatomical	 aspect.	 In	 this	
group	of	pathologies	circular	arrangement	of	vessels	can	be	
clinically	asymptomatic	[1,	9],	or	with	symptoms	that	occur	
during	 hemodynamic	 perturbances,	 e.g.	 pregnancy	 [5]	 or	
with	very	early	life	threatening	respiratory	distress.

Defect	which	is	closest	to	persistent	embryonic	structures	
is	the	double	aortic	arch	–	on	the	left	and	right	side	–	bila-
terally	patent.	The	disorder	results	from	lack	of	involution	

Figure 3.	 	Girl,	7-year-old	with	recurrent	respiratory	infections	
and	dyspnea;	right-sided	aortic	arch	with	aberrant	left	
subclavian	artery.	A.	Axial	scan	demonstrates	right-sided	
aortic	arch	with	aberrant	left	subclavian	artery,	arising	
from	Kommerrel’s	diverticulum;	membranaceous	wall	of	
the	trachea	is	impressed	(arrow).	B.	3D	reconstruction	of	
the	tracheobronchial	tree	presents	the	impressions	of	the	
posterior	tracheal	wall	(arrow)	and	proximal	part	of	the	right	
main	bronchus.	C.	Virtual	bronchoscopy	–	stenosis	of	the	
right	main	bronchus	(arrow).
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of	 the	right	arch.	 In	such	case	 this	arch	 is	usually	domi-
nant-wider	and	located	a	bit	higher	(cranial)	than	the	left.	
Both	 arches	 form	 a	 tight	 ring	 encircling	 the	 trachea	 and	
esophagus,	thus	the	characteristic	esophagogram	image	in	
frontal	plane-	in	form	of	bilateral	contrast	loss	with	shape	
of	the	“S”	letter.	Patent	arch	on	one	side	(most	often	right)	
with	partial	 atresia	 of	 the	 arch	on	 the	opposite	 side	 is	 a	
type	of	bilateral	aortic	arch.	Atresia	can	affect	either	the	
segment	between	common	carotid	artery	and	subclavian	
artery	 or	 between	 subclavian	 artery	 and	 descending	

aorta	[1].	 The	 latter	 variant	 occurred	 in	 patient	 No	1.	
Similarly	 to	complete	patency	of	both	arches,	also	 in	 the	
other	variant	4	singular	vessels	branch	off	 from	the	ring	
and	 the	 ring	 itself	 is	 relatively	 narrow;	 therefore,	 the	
symptoms	 are	 early	 and	 intense-	 the	 patient	 we	 diagno-
sed	 (1	month	old)	was	the	youngest	of	all	children	 in	the	
group	of	vascular	ring	patients.	 In	20	%	of	patients	with	
double	aortic	arch	the	defect	coexists	with	heart	diseases,	
often	with	tetralogy	of	Fallot	 [2].	 It	was	also	observed	 in	
our	patient.	

Figure 4.	 	Boy,	16-month-old,	without	evident	clinical	symptoms;	
aberrant	right	subclavian	artery	–	arteria lusoria.	A.	and	
B.	Chest	X-rays	with	barium	contrast	in	esophagus	show	
esophageal	compression	at	the	Th3	level.	C.	Frontal	MIP	
reconstruction:	the	course	of	aberrant	right	subclavian	
artery.	D.	Axial	scan	demonstrates	left	aortic	arch	with	
retroesophageal	aberrant	right	subclavian	artery.	The	
course	of	the	arch	of	azygos	vein	is	partially	visible.	E.	3D	
reconstruction	of	the	tracheobronchial	tree	and	esophagus	
shows	esophageal	widening	(E)	above	and	below	the	level	
of	the	lusorian	artery;	normal	tracheal	appearance	(T).
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The	anatomic	basis	of	vascular	ring	lies	more	often	in	the	
right-sided	 arch	 than	 double	 aortic	 arch.	 Depending	 on	
the	 place	 of	 involution	 of	 the	 left	 arch,	 it	 is	 related	 with	
aberrant	 left	 subclavian	 artery	 (most	 often)	 or	 less	 often	
with	the	so-called	mirror	image	of	the	left	arch	(branches	
of	the	right	aortic	arch	are,	beginning	from	the	ascending	
part,	 brachiocephalic	 trunk,	 left	 common	 carotid	 arte-
ry	 and	 left	 subclavian	artery)	 or	with	aberrant	 left-sided	
brachiocephalic	 trunk	 [1,	 2,	 4-6,	 8-13].	 Considering	 the	
variant	of	aberrant	brachiocephalic	trunk	or	aberrant	left	
subclavian	artery,	 the	vessels	arise	 from	the	aortic	diver-
ticulum	(Kommerell’s	d.),	which	is	located	in	the	posterior	
part	of	right-sided	aortic	arch	on	the	left	and	constitutes	a	
remnant	of	 the	 left	aortic	arch.	The	diverticulum	usually	
causes	 compression	of	 the	posterior	 esophageal	wall	 and/
or	 part	 of	 membranous	 trachea.	 The	 most	 frequent	 form	
of	 vascular	 ring,	 also	 referred	 to	 as	 Neuhauser’s	 anoma-
ly,	connected	to	right-sided	aortic	arch,	was	found	in	2	of	
our	patients:	MS	No	2	and	PJ	No	3.	In	differentiation	with	
double	 aortic	 arch	 connected	 with	 partial	 atresia	 of	 left	
arch	the	diagnosis	was	supported	by	right-sided	course	of	
descending	aorta-	typical	for	Neuhauser’s	anomaly.	

Vascular	 ring	 completed	 with	 left-sided	 arterial	 liga-
ment,	as	it	was	seen	in	2	of	our	patients,	is	looser	in	case	
of	 right-sided	 arch	 compared	 to	 the	 tight	 ring	 in	 double	
aortic	arch	[2].	Such	correlation	between	the	type	of	ring	

and	degree	of	 tightness	 in	case	of	 right-sided	aortic	arch	
is	also	suggested	by	relatively	late,	school	age,	of	the	diag-
nosed	patients	(7th	and	13th	year	of	age).	However,	in	our	
patients	we	found	no	signs	of	dysphagia-	symptom	occur-
ring	 most	 often	 in	 adults	 with	 this	 variant	 of	 ring	 [4-6,	
8,	10],	nor	coexisting	heart	diseases	–	often	accompanying	
the	 right-sided	 aortic	 arch	 with	 aberrant	 left	 subclavian	
artery	[2,	14].	

The	anatomic	 image	of	our	next	patient,	RT,	No	4,	which	
showed	aberrant	right	subclavian	artery	that	led	transver-
sely	in	the	posterior	part	of	esophagus,	at	the	level	of	Th3,	
was	defined	at	the	end	of	XVIII	century	by	David	Bayford	
as	 lusus naturae	 (joke,	 freak	 of	 nature)	 and	 the	 term	 he	
introduced	at	that	time-	arteria lusoria	–	is	still	common-
ly	used	 [15].	 It	 is	a	 frequent	anomaly	affecting	0.5%	-	1%	
of	 population,	 which	 manifests	 itself	 in	 form	 of	 incom-
plete	ring	at	the	level	of	Th2-Th4	and	is	usually	clinically	
asymptomatic	 [6,	 15].	 Dysphagia	 related	 to	 the	 aberrant	
right	 subclavian	 artery	 (dysphagia lusoria),	 occurs	 more	
often	 in	 adult	 patients	 and	 has	 various	 causes,	 such	 as	
aneurysms	 or	 sclerosis	 of	 this	 artery;	 however,	 the	 cau-
ses	 of	 dysphagia	 are	 sometimes	 difficult	 to	 define	 [7,	16].	
Nowadays,	 the	 term	 dysphagia lusoria also	 includes	
dysphagia	caused	by	all	other	 forms	of	vascular	rings	 [8].	
In	 childhood,	 the	 dysphagia lusoria	 occurs	 with	 additio-
nal	 congenital	 diseases	 such	 as	 right-sided	 ligamentum 
arteriosum or	common	origin	of	 the	carotid	arteries	right	
before	the	trachea-	truncus bicaroticus (the	arteries	emb-
race	the	trachea	and	esophagus	in	a	bifurcated	manner)	or	
presence	of	 the	Kommerell’s	diverticulum	 [1,	4,	7,	15].	 In	
our	patient,	apart	from	arteria lusoria,	we	found	no	other	
additional	defects	within	the	aortic	arch	that	would	close	
the	ring	of	aberrant	right	subclavian	artery.	Although	the	
compression	of	esophagus	by	transverse	vessel	was	clearly	
visualized,	 the	 child	 had	 no	 ailments	 from	 esophagus	 or	
respiratory	tract.	

Figure 5.	 	Girl,	13-month-old,	with	respiratory	distress;	sling	of	the	left	
pulmonary	artery.	A.	Axial	scan	at	the	level	of	the	pulmonary	
trunk.:	sling	of	the	left	pulmonary	artery	–	between	the	
trachea	(T)	and	esophagus	(E).	B.	3D	reconstruction	of	the	
main	arteries;	common	trunk	for	innominate	artery	and	left	
common	carotid	artery	and	persistent	left	vena	cava	superior	
(VCS	SIN).	C.	3D	reconstruction	of	the	tracheobronchial	
tree	and	lungs:	right-sided	tracheal	diverticulum	(horizontal	
arrow)	and	stenosis	of	the	trachea	and	right	main	bronchus	
(vertical	arrow).
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The	 developmental	 disorder	 of	 the	 6th	 pair	 of	 embryo-
nic	 aortic	 arches	 observed	 in	 AD	 girl,	 No	 5,	 was	 the	 left	
pulmonary	 artery	 of	 abnormal	 course	 –	 between	 trachea	
and	 esophagus	 –	 which	 formed	 a	 sling	 and	 caused	 steno-
sis	 of	 trachea	 and	 right	 main	 bronchus.	 Today	 we	 know	
two	types	of	such	sling	[13].	In	type	I	the	respiratory	tract	
usually	has	normal	structure	although	right-sided	tracheal	
bronchus	 is	also	possible;	compression	of	the	 inferior	part	
of	 trachea	 and	 right	 bronchus	 by	 the	 surrounding	 pulmo-
nary	artery	can	cause	tracheomalacia	and	narrowing	of	the	
lumen	 of	 this	 section	 of	 respiratory	 tract.	 The	 more	 com-
mon	 type	 II	 is	 associated	 with	 significant	 hypoplasia	 and	
stenosis	of	 inferior	part	of	 trachea	and	bronchi,	 low	cour-
se	 of	 artery	 forming	 a	 sling	 (Th6-Th7),	 abnormal	 division	
of	respiratory	tract	and	frequent	disorders	of	cartilaginous	
rings	of	trachea.	This	type	is	characterised	by	other	conge-
nital	 anomalies	 as	well,	 especially	heart	defects.	The	dys-
functions	found	in	our	patient	suggest	a	transient	form	of	
the	disorder.	

Type	 I	 is	 characterized	 by	 a	 sling	 at	 Th5	 and	 right-sided	
tracheal	diverticulum	at	the	Th3	which	was	most	probab-
ly	a	 rudimentary	 form	of	 tracheal	bronchus.	On	 the	other	
hand,	lesions	typical	for	type	II	are:	considerable	narrowing	
of	trachea	and	bronchi,	obtuse	angle	of	tracheal	bifurcation	
and	associated	vascular	anomalies	in	form	of	common	ori-
gin	 of	 brachiocephalic	 trunk	 and	 left	 carotid	 artery	 from	
aorta	and	persistent	vena cava superior sinistra.	

Diagnostics imaging of vascular ring 

The	X-ray	of	chest	(in	frontal	and	lateral	plane)	and	esopha-
gogram	 performed	 using	 barium	 also	 in	 two	 projections	
have	been	 for	60	years	 the	 standard	phase	of	preliminary	
radiological	diagnostics	in	cases	of	suspected	vascular	ring.	
Diagnosis	 of	 right-sided	 aortic	 arch,	 often	 connected	 with	
the	ring,	can	be	made	when:	a)	aortic	arch	–	its	transverse	
part	–	is	visible	on	the	right,	b)	trachea	is	located	left	to	the	
spine,	 c)	 compression	and	modeling	 of	 the	 tracheal	 lumen	
on	 the	right	 is	visible,	d)	descending	aorta	 is	on	 the	right.	
However,	in	infants	the	evaluation	of	mediastinum	is	usu-
ally	difficult	due	to	the	presence	of	thymus,	and	the	course	
of	descending	aorta	is	often	hardly	visible.	

Moreover,	Strife	et	al.	 studied	121	radiograms	of	chest	 (in	
frontal	plane)	from	patients	aged	less	than	2	months,	with	
right-sided	 aortic	 arch	 and	 found	 the	 trachea	 on	 the	 left	
side	 only	 in	 13%	 of	 children,	 modeling	 of	 the	 air	 column	
in	trachea	in	17%	and	visualization	of	descending	aorta	in	
20%	of	patients.	In	older	patients	–	up	to	12	years	old	–	the	
occurrence	of	these	diagnostic	symptoms	was	visibly	higher	
reaching	the	values	of	61%-88%	[17].	Therefore,	the	diagno-
stic	value	of	chest	X-ray	in	diagnosing	the	vascular	ring	in	
youngest	patients	is	disputable	and	the	image	of	mediasti-
nal	organs	described	as	normal	does	not	exclude	this	group	
of	pathologies	 [13,	17].	 It	 should	also	be	 remembered	 that	
the	presence	of	narrowed	trachea	in	small	children	can	be	
evaluated	more	precisely	 in	 lateral	plane,	 especially	 if	 the	
compression	affects	the	posterior	wall	of	the	organ	[1,	2].	In	
our	group	of	5	children	with	vascular	rings	of	varied	anato-
mical	background,	only	the	thoracic	image	from	the	oldest-	
a	13-year-old	patient	with	right-sided	aortic	arch-	showed	
clear	radiological	features	suggesting	this	type	of	disorder.

Until	the	introduction	of	MR	and	multislice	CT,	the	esopha-
gogram	performed	with	 the	use	of	barium	of	high	density	
was	 commonly	 considered	 to	 be	 indispensable	 in	 diagno-
stics	 of	 vascular	 rings.	 Also	 today,	 the	 contrast	 examina-
tion	of	esophagus	provides	significant	information	showing	
abnormal	 course	 of	 vessels.	 The	 following	 projections	 are	
also	 believed	 to	 be	 necessary	 for	 reliable	 evaluation:	 AP,	
right	and	left	anterior	oblique	projection	[2].	In	patient	RT	
No	4	the	examination	of	esophagus	revealed	its	narrowing	
and	 unequivocal	 characteristic	 impression	 from	 the	 back-	
place	of	arteria lusoria	(stated	later,	in	CT	exam).	However,	
the	child	showed	no	symptoms	of	dysphagia	during	hither-
to	observation.	

Hernanz-Schulman	 believes	 that	 correct	 esophagogram	
cancels	out	the	presence	of	vascular	ring	 [2].	On	the	other	
hand,	Alper	et	al.	 investigated	15	patients	with	dysphagia 
lusoria and	obtained	positive	 result	of	 esophagogram	only	
in	9	of	them	(60%).	The	visible	impression	of	esophagus	has	
an	unspecific	character	and	can	result	from	enlarged	lymph	
nodes	(lymphoma,	tuberculosis),	cysts	or	other	prevertebral	
tumors	 [6].	 Therefore,	 the	 esophagogram	 is	 considered	 to	
be	a	useful	stage	of	diagnostics	of	vascular	rings	when	cli-
nical	 symptoms	 are	 less	 obvious	 and	 the	 image	 of	 chest-	
equivocal	[3].	Intense	clinical	symptoms	and	chest	X-ray	or	
Doppler	examination	suggesting	vascular	ring	should	inspi-
re	imaging	with	the	use	of	multislice	CT	with	3D	reconstru-
ction	or	MR.	These	examinations	directly	indicate	vascular	
arrangement,	 presence	 or	 lack	 of	 tracheal	 and/or	 esopha-
geal	 compression	 and	 possibly	 other	 anatomic	 abnormali-
ties	 of	 these	 organs.	 With	 today’s	 technical	 development,	
the	 choice	 of	 imaging	 method	 between	 multislice	 CT	 and	
MR	is	not	definite.	Both	methods	allow	precise	evaluation	
of	the	 investigated	structures	and	planning	the	procedure.	
MR	(including	3D	MRA	with	gadolinium)	is	a	relatively	long	
examination	which	requires	sedation	or	general	anesthesia	
of	the	child.	On	the	other	hand,	in	such	cases	there	is	neit-
her	ionizing	radiation	nor	iodine	contras	agents.	Multislice	
CT	scan	can	be	performed	in	a	short	time,	without	general	
anesthesia	and	the	use	of	proper	technical	parameters	can	
reduce	the	radiation	dose.	

Ultrasonography	 (echocardiography	 with	 Doppler	 exami-
nation)	is	a	complementary	diagnostic	examination	which	
enables	evaluation	of	heart	diseases	accompanying	vascu-
lar	rings.	However,	the	precision	of	assessment	of	vascu-
lar	rings	elements	and	topography	of	the	remaining	large	
vessels	 in	 both-our	 patients	 and	 based	 on	 the	 data	 from	
other	 authors-	 is	 not	 sufficient	 for	 therapeutic	 decisions	
[1-3,	18].

Classical	angiography,	although	showing	directly	the	vascu-
lar	 structures	of	 the	 ring	and	being	one	of	 the	basic	diag-
nostic	 examinations	until	 recently,	due	 to	 its	 invasiveness	
and	 lack	 of	 complete	 spatial	 visualization	 of	 vessels	 and	
adjacent	 organs	 was	 replaced	 with	 MR	 angiography	 and	
angio-CT.	

In	 spite	 of	 the	 fact	 that	 the	 lumen	 of	 vessels	 which	 form	
rings	is	clearly	visible	in	classical	angiography,	angioMR	or	
angioCT,	 usually	 none	 of	 these	 imaging	 techniques	 shows	
directly	the	fibrous	parts	of	vascular	ring	(arterial	ligament	
or	part	of	arch	affected	by	atresia).	Compression	of	trachea	
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at	the	 level	where	the	vessel	does	not	have	 its	course	and	
location	of	fibrous	elements	is	possible,	prove	the	presence	
of	such	structures;	these	parts	can	also	deform	the	tracheal	
lumen	 by	 its	 pulling	 [1,	 11,	 12].	 In	 this	 aspect	 esophago-
graphy	can	turn	out	 to	be	 important	and	 indispensable	as	
it	indirectly	shows	the	presence	of	fibrous	structures	of	the	
ring	during	contrast	passage	through	the	esophagus.	It	ena-
bles	not	only	finding	the	ring	but	also	differentiation	of	its	
various	forms	[11].	

Reduction of exposure to ionizing radiation in evaluation 
of vascular rings by means of multislice CT 

Because	 of	 relatively	 high	 exposure	 to	 ionizing	 radiation	
during	 CT	 exams	 in	 children,	 it	 is	 commonly	 advised	 to	
modify	the	examination	protocol	by	conditioning	the	tech-
nical	 parameters	 on	 the	 age	 or	 body	 mass	 of	 the	 patient	
[19].	The	 easiest	method	 is	 to	 reduce	 the	value	of	 current	
or	product	of	 the	current	value	and	time	of	 tube	rotation.	
Thus,	 in	 our	 youngest	 patients	 aged	 1,	 13	 and	 16	 months	
the	current	values	were	40	mA,	40	mA,	50	mA	respectively,	
while	the	product	of	current	and	time	was	20-25	mAs.	It	is	
one	of	the	smallest	values	reported	in	literature	for	the	so-
called	 low-dose	 technique	 in	 multislice	 tomography	 used	
to	assess	the	vascular	rings	and	in	virtual	tracheobroncho-

scopy	in	infants	and	babies	[18,	20,	21].	The	values	we	used	
in	older	children,	7	and	13	y.o.	were	120	mA	i	170	mA	but	
could	well	be	 lower	with	no	significant	 loss	of	the	quality	
of	 the	 image	 [19].	 These	 examinations	 were	 performed	 as	
one	of	the	first	(2003),	with	manufacturer’s	protocol	taken	
into	consideration.	

Additional	 way	 to	 reduce	 the	 dose	 is	 to	 limit	 the	 current	
voltage	 to	 80	 kVp	 [18,	 20,	 21].	 The	 technique	 (80	 kVp,		
20-40	mAs)	allows	precise	visualization	of	both-	the	vessels	
that	 form	 rings	 and	 lesions	 within	 the	 lumen	 of	 the	 tra-
cheobronchial	tree.	Average	effective	dose	calculated	based	
on	 40	 such	 examinations	 in	 children	 was	 1.2	 ±	 0.57	 mSv	
what	 produces	 exposure	 comparable	 with	 60	 X-rays	 of		
thorax	[18].	

Conclusions

In	 children,	 the	 multislice	 CT	 with	 the	 low-dose	 protocol	
enables	precise	and	complete	visualization	of	vessels,	 tra-
chea	together	with	main	bronchi	and	esophagus	in	vascular	
rings.	

This	 kind	 of	 visualization	 has	 primary	 importance	 and	 is	
sufficient	for	planning	a	cardiovascular	procedure.


