
z Definition

The aortic arch is described as three seg-
ments: proximal, distal and isthmus. The
proximal component extends from the take-
off of the innominate artery to the left com-
mon carotid artery. The distal component ex-
tends from the left common carotid artery to
take-off of the left subclavian artery. The seg-
ment of the aorta connecting the distal aortic
arch to the juxtaductal region of the descend-
ing aorta is termed the isthmus. This complex
composite of segments introduces a risk of
developmental anomalies in the form of inter-
ruptions at the various junction points. Aortic
arch interruption is characterized by com-
plete lack of anatomic continuity between
the aortic arch or isthmus and the descending
thoracic aorta. In aortic arch atresia, with
identical pathophysiology and hemodynam-
ics, there is anatomic continuity between the
two segments, represented by an imperforate
fibrous strand of various lengths. Three ana-
tomic types of aortic arch interruption have
been described:
z Type A: the interruption is distal to the left

subclavian artery.
z Type B: the interruption is between the left

common carotid artery and the left subcla-
vian artery.

z Type C: the interruption is between the in-
nominate artery and the left common car-
otid artery.

Associated anomalies

Patent ductus arteriosus, ventricular septal
defect, actual or potential systemic left ven-
tricular outflow tract obstruction, bicuspid

aortic valve, double outlet right ventricle,
univentricular heart with discordant ven-
triculoarterial connection, aortopulmonary
window, truncus arteriosus, atrial isomer-
ism. Patent ductus arteriosus is always pres-
ent. The ventricular septal defect is nearly
always present, in the majority of cases of
malalignment-type, subpulmonic, because of
posterior malalignment of the ventricular
septum. Subaortic stenosis is also generally
present, due to the posterior malalignment
of the ventricular septum.

z Surgical options

Two surgical approaches are available:
z two stages, with repair of the interrupted

aortic arch and pulmonary artery band-
ing, followed by later closure of the ven-
tricular septal defect;

z single stage, with simultaneous repair of
the interrupted aortic arch and a patch
closure of the ventricular septal defect.

In the absence of associated lesions other
than patent ductus arteriosus and ventricular
septal defect, primary repair by direct ana-
stomosis of the arch with closure of the ven-
tricular septal defect is the preferred surgical
approach. The main reason is that pulmo-
nary artery banding might promote or ag-
gravate subaortic stenosis in patients with a
malalignment ventricular septal defect.
Although the primary repair is physiologi-
cally corrective, it should not be viewed as
fully curative due to the high incidence of
significant late obstruction of the left ventri-
cular outflow tract.
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Left ventricular outflow tract obstruction:
The morphology of left ventricular outflow
tract obstruction with interrupted aortic
arch varies, and therefore, surgical manage-
ment also varies according to the specific
circumstances.

z Pre-operative information

CT and MRI investigations (Figs. 3.14.1 and
3.14.2) allow the precise identification of aor-
tic arch interruption type, distance between
proximal and distal segments, size of the pat-
ent ductus arteriosus, narrowest dimension of
the left ventricular outflow tract, and associa-
tion of other malformations potentially inter-
fering with the surgical planning, such as in-
tracardiac defects, the presence of an anoma-
lous retro-esophageal right subclavian artery,
the presence of a right aortic arch.

The cardiac MRI protocol used for the
evaluation of infants with aortic arch inter-
ruption is the following:
z 3-plane localizing images,
z 2-dimensional axial Time-of-flight Angio-

graphy (see appendix in the “Introduc-
tion”),

z ECG-gated cine steady-state free preces-
sion sequences in 2-chamber, 4-chamber
planes, and ventricular short axis for the
quantitative assessment of ventricular di-
mensions, function, mass and stroke vol-
ume, as illustrated in the appendix of the
“Introduction”,

z ECG-gated cine steady-state free preces-
sion sequence to visualize the left ventri-
cular outflow tract and the aortic valve,

z gadolinium-enhanced 3-dimensional MRI
for the evaluation of the aortic arch, bra-
chiocephalic arteries and patent ductus ar-
teriosus.
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Fig. 3.14.1. Aortic arch interruption. CT scan posterior coro-
nal view, volume rendering imaging, showing type A aortic
arch interruption, distal to the left subclavian artery, in a
neonate with anomalous origin of the right pulmonary artery
from the right subclavian artery (AAo ascending aorta,
DTA descending thoracic aorta, LA left atrium, LCA left carotid
artery, LSA left subclavian artery, RCA right carotid artery,
RPA right pulmonary artery, RSA right subclavian artery)
(photograph courtesy of Dr. Mohammed Tawil)

Fig. 3.14.2. Aortic arch interruption. MR angiography show-
ing the aortic arch interruption (arrow), with the distal sys-
temic circulation perfused through a patent ductus arteriosus
(AAo ascending aorta, AoA aortic arch, DTA descending
thoracic aorta, IA innominate artery, LCA left carotid artery,
LSA left subclavian artery, LV left ventricle, PA pulmonary ar-
tery, PDA patent ductus arteriosus)
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Fig. 3.14.3. Aortic arch interruption: status post repair. CT
scan in the same patient of Fig. 3.14.1 with left oblique pos-
terior sagittal view, volume rendering imaging, showing the
end-to-side anastomosis (arrow) used to reconstruct the aor-
tic arch continuity one year after surgery (AAo ascending aor-
ta, DTA descending thoracic aorta) (photograph courtesy of
Dr. Mohammed Tawil)

Fig. 3.14.4. Aortic arch interruption with ventricular septal
defect, status post repair. MRI fast spin echo 3-chamber view
parallel to the left ventricular outflow tract. Note the severe
subaortic stenosis due to posterior infundibular deviation (ar-
row) (Ao aorta, LV left ventricle)

Fig. 3.14.5. Aortic arch interruption, status post surgery with
direct anastomosis. MR angiography maximal intensity pro-
jection reconstruction (a) and volume rendering reconstruc-
tion (b) showing normal brachiocephalic arteries and signifi-
cant aortic isthmus narrowing (Ao Arch aortic arch, Desc Ao
descending thoracic aorta, LSA left subclavian artery)



z Potential complications

Residual pressure gradient at the level of the
aortic arch anastomosis and/or at the left ven-
tricular outflow tract, residual ventricular
septal defect, complete atrioventricular block,
left bronchial obstruction.

Left bronchial obstruction: The left main
bronchus passes under the aortic arch. If a
direct anastomosis is performed without
adequate mobilization of the ascending and
descending aorta, a bowstring effect over the
left main bronchus may result. This is mani-
fested by air trapping in the left lung with
hyperexpansion, as seen on chest radiogra-
phy and confirmed by bronchoscopy. Surgi-
cal management may require an ascending-
to-descending aortic conduit after division
of the arch.

z Post-operative follow-up

The role of CT scan (Fig. 3.14.3) and MRI
after surgery for aortic arch interruption is
to evaluate residual or recurrent anatomic
and hemodynamic problems, such as aortic
arch obstruction or aneurysm formation.
However, other abnormalities (e.g., left ven-
tricular outflow tract obstruction, aortic
valve stenosis or regurgitation, residual ven-
tricular septal defect, left ventricular size
and function) should be examined as well.
CT scan and MRI are also useful in case of
suspected post-operative left bronchial com-
pression.

The following protocol is suggested in the
post-operative evaluation of patients with
arch interruption:
z 3-plane localizing images,
z 2-dimensional axial Time-of-flight Angio-

graphy (see appendix in the “Introduc-
tion”),

z ECG-gated cine steady-state free preces-
sion and fast spin echo para-sagittal,
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Fig. 3.14.6. Truncus arteriosus and aortic arch interruption,
status post repair. MR angiography MIP reconstruction (a)
and volume rendering reconstruction (b) showing an aortic
arch aneurysm, mild ascending aorta stenosis and significant

aortic isthmus obstruction (Asc Ao ascending aorta, Ao arch
aortic arch, Ao root aortic root, Desc Ao descending thoracic
aorta, LA left atrium)

b



coronal and additional oblique plane (if
needed) to visualize the aortic arch,

z ECG-gated cine steady-state free preces-
sion sequences in 2-chamber, 4-chamber
planes, and ventricular short axis for the
quantitative assessment of ventricular di-
mensions, function, mass and stroke vol-
ume as illustrated in the appendix of the
“Introduction”,

z ECG-gated cine steady-state free preces-
sion and fast spin echo sequence parallel
to the left ventricular outflow tract (Fig.
3.14.4),

z ECG-gated phase velocity contrast (PVC-
MRI) sequences perpendicular to the as-
cending aorta, aortic arch, isthmus, proxi-
mal and distal descending aorta. Addi-
tional flow measurements, based on clinical
relevance, such as assessment of potential
aortic valve regurgitation or to quantitate
the intracardiac shunt in case of suspected
residual ventricular septal defect, are some-
time required as well,

z gadolinium-enhanced 3-dimensional MRI
for the evaluation of the aortic arch and
brachiocephalic arteries (Figs. 3.14.5 and
3.14.6).
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