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Abstract

The term right aortic arch is used for an aorta that arches over the right bronchus. Right aortic
arch was classified into two types by Felson et al, based on branching patterns, with a proposed
embryological explanation, and into three types by Shuford et al. Other anatomical variants of
right aortic arch were described later, including isolated left brachiocephalic artery and aberrant
left brachiocephalic artery. We have classified right aortic arch anatomy into 10 variants, sup-
ported by radiological evidence, and with reference to possible embryology. This classification
will help in understanding the morphological basis for the formation of different types of right
aortic arch and the course of the recurrent laryngeal nerve in such cases.

The term right aortic arch is used for an aorta that arches over the right bronchus. The right
aortic arch embryologically develops from the right fourth pharyngeal arch vessel and the right
dorsal aorta. The prevalence of right aortic arch is 0.1% in the general population and 13–34% in
tetralogy of Fallot.1,2 Right aortic arch has been classified into two types in 1963 by Felson et al,
based on branching patterns, with an embryological explanation.3 In 1970, Shuford et al added
another variant (isolated left subclavian artery), which led to the right aortic arch being classified
into three types.4 Mart et al in 2001 provided an embryological explanation for the right aortic
arch with an isolated left brachiocephalic artery from the arterial duct.5 Bein et al in 2006, and
Banka et al in 2009, described another right aortic arch type, again with a proposed
embryological explanation.6,7 This entity consisted of the right aortic arch with an aberrant left
brachiocephalic artery with a retro-oesophageal course, which was later labelled as type 4 by
Mangukia et al.8

Our recent comprehensive analysis of a large number of aortic arch anatomies has led to a
compendious description of the different types of right aortic arch, as seen in cases of tetralogy of
Fallot (25% of which have a right aortic arch).9

The previous classifications were based primarily on angiographic studies and chest X-rays,
with embryological explanations.3,4 With the current availability of non-invasive cardiac
imaging (computed tomography and magnetic resonance), we have a better definition of both
arching patterns and branching patterns. All the subtypes can be diagnosed with standard
cardiac imaging supported by intraoperative findings.

Classification and proposed embryological basis

We have classified the right aortic arch, originating from the fourth right pharyngeal arch artery,
into 10 variants as shown in Table 1, with proposed embryological explanations. This classifi-
cation does not include right arch arising from structures other than the right fourth pharyngeal
arch vessel (for example, right-sided cervical aortic arch is not included in this classification) and
it does not include right aortic arch with the circumflex aorta. Presence or absence of a right-
sided arterial duct does not change the classification. The explanation is based on Rathke’s dia-
gram of aortic arches and Edwards’s concept of double aortic arch10 (Figs 1–4). We have modi-
fied Rathke’s diagram, as the latest literature supports the concept that the fifth pharyngeal arch
never existed, and hence there cannot be a fifth arch artery.11

Regression of the primitive left arch at one level

This includes three variants (and four phenotypes) with left arterial duct or ligament present in
all. The embryological bases for these phenotypes are shown in Fig 2.

The first and most basic phenotype is right aortic arch with mirror-image branching (Fig 5).
This is themost common type of right aortic arch. In our series of tetralogy of Fallot cases, which
included 688 patients with right aortic arch, 86.8% hadmirror-image branching, whichmatched
with the published literature.9,12 Here, the branching pattern might be like any of the left arch
classifications.1

The second variant is right aortic arch with aberrant left subclavian artery. This is the second
most common type, and constituted 10.6% of the right aortic arches in our series.9 There are two
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Table 1. Embryology-based classification of the right aortic arch (RAA – right aortic arch, LSA – left subclavian artery, LCCA – left common carotid artery, PA – pulmonary artery, LPA – left pulmonary artery). In any type of
RAA, the right arterial duct may be present, but its presence does not alter the classification

Embryological basis Level of regression Anatomic description

RAA with regression of the primitive left arch
at one level (Fig 2)

Between descending aorta and LSA RAA with mirror-image branching (the branching pattern might vary, akin to left aortic arch)
(Fig 5) with left arterial duct or ligament.

Between LSA and LCCA RAA with aberrant LSA with left arterial duct or ligament.
This is subclassified based on the attachment of the arterial duct or ligament at the systemic
artery end.
Arterial duct or ligament attached to the aberrant LSA (Fig 6).
Arterial duct or ligament attached to the LCCA (Fig 7).

Between LCCA and ascending aorta RAA with aberrant left brachiocephalic artery with left arterial duct or ligament.

RAA with regression of the primitive left arch
at one level and regression of left distal sixth
arch (pulmonary arch) artery

Between descending aorta and LSA þ regression of left
distal sixth arch artery

RAA with mirror-image branching (the branching pattern might vary, akin to left aortic arch).

Between LSA and LCCA þ regression of left distal sixth arch
artery

RAA with aberrant LSA, with non-recurrent laryngeal nerve.

Between LCCA and ascending aortaþ regression of left distal
sixth arch artery

RAA with aberrant left brachiocephalic artery, with non-recurrent laryngeal nerve.

RAA with regression of the primitive left arch
at two levels
(Fig 3)

Between LSA and LCCAþ between descending aorta and LSA
distal to attachment of arterial duct/ligament

RAA with isolated LSA and recurrent laryngeal nerve winding around it (Fig 8). This is
subclassified based on the status of the arterial duct (fully open/stenosed/closed).
Arterial duct from LPA continuing as LSA.
Arterial duct from LPA continuing as LSA with origin stenosis.
LSA isolated from aorta and PA system due to closed arterial duct (arterial ligament).

Between LCCA and ascending aortaþ between descending
aorta and LSA distal to attachment of arterial duct/ligament

RAA with isolated left brachiocephalic artery, and recurrent laryngeal nerve winding around
it. This is subclassified based on the status of the arterial duct (fully open/stenosed/closed).
Arterial duct from LPA continuing as left brachiocephalic artery.
Arterial duct from LPA continuing as left brachiocephalic artery with origin stenosis.
Left brachiocephalic artery isolated from aorta and PA system due to closed arterial duct
(arterial ligament).

RAA with regression of the primitive left arch
at two levels and regression of left distal
sixth arch (pulmonary arch) artery
(Fig 4)

Between LSA and LCCAþ between descending aorta and
LSAþ regression of left distal sixth arch artery

RAA with isolated LSA (from aorta and PA system due to involution of left distal sixth arch),
with non-recurrent laryngeal nerve.

Between LCCA and ascending aortaþ between descending
aorta and LSAþ regression of left distal sixth arch artery

RAA with isolated left brachiocephalic artery (from aorta and PA system due to involution of
left distal sixth arch), with non-recurrent laryngeal nerve.
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Figure 1. (a) – Rathke’s arch diagram demonstrating pharyngeal arch vessels (* depicts the seventh cervical intersegmental artery which is the future subclavian artery). We have
shown the fifth arch artery as a discontinuous line as the latest literature suggests that it never existed. (b) – regression (painted brown) of primitive first, second, and fifth (never
existed according to the latest literature) pharyngeal arch vessels and ductus caroticus (arrow) bilaterally. (c) – Edward’s double aortic arch concept depicted diagrammatically
(1 – right common carotid artery, 2 – right subclavian artery, 3 – left common carotid artery, 4 – left subclavian artery, 5 – left-sided arterial duct, 6 –main pulmonary artery, 7 – right
pulmonary artery, 8 – left pulmonary artery). Recent studies provide convincing evidence that there is never a fifth pharyngeal arch in humans, and hence there can never be a fifth
arch artery.11

Figure 2. Right aortic arch (RAA) with regres-
sion of the primitive left arch at one level. This
can lead to three variants (and four pheno-
types). RAA with mirror-image branching with
left arterial duct or ligament (commonest type
of RAA) (a), RAA with aberrant left subclavian
artery (LSA) with left arterial duct or ligament
(b and c) and RAA with aberrant left brachioce-
phalic artery (d). As shown in the figure, RAAwith
aberrant LSA with left arterial duct or ligament is
further subclassified on the basis of attachment
of arterial duct on the systemic artery side. RAA
with aberrant LSA with arterial duct attachment
to LSA forms a vascular ring. But in spite of being
classified as RAA with aberrant LSA with left
arterial duct, if the arterial duct is attached to
left common carotid artery (c), it cannot form
a vascular ring.
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phenotypes of this variant, depending on the site of insertion of the
arterial duct to the systemic artery end (Fig 2). A vascular ring can
be formed when the right aortic arch with aberrant left subclavian
artery is associated with left arterial duct or ligament attached to
the subclavian artery (Fig 6). But if the arterial duct or ligament
is attached to the left common carotid artery, a vascular ring will
not be formed (Fig 7). Thus, this disproves the historical belief that
right aortic arches with aberrant left subclavian artery and left-
sided arterial duct always cause a vascular ring.

In the left aortic arch with aberrant right subclavian artery, the
course of the aberrant artery can be retro-oesophageal, between
trachea and oesophagus or pretracheal.13 Similarly in a right
aortic arch with aberrant left subclavian artery, the aberrant ves-
sel can take one of the three courses, the most common being
retro-oesophageal course. When associated with a left-sided
arterial duct or ligament, the aberrant artery coursing behind
the oesophagus or between the oesophagus and trachea can form
a vascular ring. But right aortic arch with aberrant left subclavian

artery with a pretracheal course and a left-sided arterial duct or
ligament cannot cause a vascular ring, but can lead to extrinsic
pressure symptoms (vascular compression in the absence of a
vascular ring).

In patients with tetralogy of Fallot with right aortic arch and
aberrant left subclavian artery, the left subclavian artery usually
arises directly from the distal aortic arch. In contrast, normal per-
sons (without intra-cardiac lesions) with right aortic arch and
aberrant left subclavian artery invariably have an aortic diverticu-
lum (Kommerell diverticulum) from which the left subclavian
artery originates. Velasquez et al in 1980 explained the possible dif-
ferent embryologic events responsible for these two forms of aber-
rant left subclavian artery.14

The third variant is right aortic arch with aberrant left brachio-
cephalic artery. This, when associated with a left-sided arterial duct
or ligament, will form a vascular ring, when the aberrant artery
courses behind the oesophagus or between the oesophagus and
the trachea.

Figure 3. Right aortic arch (RAA) with regression of the
primitive left arch at two levels. This leads to isolation of
either left subclavian artery (a) or left brachiocephalic artery
(b) with the recurrent laryngeal nerve (RLN) coursing around
the artery. Both of these variants are further sub-classified
into three types depending on the status of the arterial duct
(fully open arterial duct – stenotic arterial duct – closed
arterial duct or arterial ligament). RAA with the isolation of
left subclavian or left brachiocephalic artery, when associ-
ated with a closed arterial duct, will cause isolation from pul-
monary artery, but this is acquired; the RLN will course
around the artery.
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Regression of the primitive left arch at one level and
regression of left distal sixth arch (pulmonary arch) artery

This group includes three variants similar to those seen when the
primitive left arch regresses at one level, but there will be only three
phenotypes (right aortic arch with mirror-image branching, right
aortic arch with aberrant left subclavian artery and right aortic arch
with aberrant left brachiocephalic artery). Since the distal portion
of the artery of the left-sided pulmonary arch, previously known as

the sixth arch artery has regressed, there will not be a left-sided
arterial duct or ligament. These variants therefore cannot cause
a vascular ring. But airway compression by a right aortic arch in
the absence of a vascular ring (bronchial compression by the
right-sided arterial duct) has been reported.15

Though these variants do not cause a vascular ring, the surgical
importance lies in the course of the inferior laryngeal nerve. The
typical course of the inferior laryngeal nerve is due to the

Figure 4. Right aortic arch (RAA) with regression of the primitive left arch at two levels and regression of distal sixth arch (pulmonary arch) artery. This leads to isolation of either the
left subclavian artery (a) or left brachiocephalic artery (b) fromboth the aorta and from the pulmonary artery system.Here, isolation from the pulmonary artery systemoccurs because
of involution of primitive left distal sixth arch (pulmonary arch), hence the nerve takes a non-recurrent course (as the fourth, fifth, and distal portion of sixth arch arteries have
disappeared on the left side). The recent studies provide convincing evidence that there is never a fifth pharyngeal arch in humans, and hence there can never be a fifth arch artery.

1698 S. Prabhu et al.
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Figure 5. CT scan with three-dimensional reconstruction of
RAA with mirror-image branching (a – anteroposterior view,
b – postero-anterior view). 1 – ascending aorta, 2 – left bra-
chiocephalic artery as the first branch dividing into left
common carotid artery (CCA) and left subclavian artery,
3 – right CCA, 4 – right subclavian artery (RSA), 5 – main pul-
monary artery (MPA).

Figure 6. CT scan with three-dimensional reconstruction of
RAA with aberrant LSA and arterial duct attachment to LSA
(a – anteroposterior view, b – supero-inferior view, c – post-
ero-anterior view). Here, the aberrant LSA is the last branch
of the aorta and has a retro-oesophageal course. This, in the
presence of left distal sixth arch remnant (arterial duct/liga-
ment), causes a vascular ring (* in Fig 2b). 1 – ascending
aorta, 2 – left CCA, 3 – right CCA, 4 – RSA, 5 – aberrant
LSA, 6 – MPA, 7 – RPA, 8 – LPA, 9 – ductal pouch from
MPA and ligament at aortic end (completes the ring).

Figure 7. CT scan with three-dimensional reconstruction of
RAA with aberrant LSA and arterial duct attachment to left
common carotid artery (CCA) (a – anteroposterior view,
b – postero-anterior view). Here, the aberrant LSA is the last
branch of aorta, and has a retro-oesophageal course. But the
distal sixth arch (pulmonary arch) remnant (arterial duct/lig-
amentum) is attached to the base of left CCA, hence not
forming a vascular ring (i.e. all RAA with aberrant LSA and
left-sided arterial duct cannot cause vascular ring like previ-
ously postulated). 1 – ascending aorta, 2 – left CCA, 3 – right
CCA, 4 – RSA, 5 – aberrant LSA, 6 – descending aorta, 7 –MPA,
8 – LPA, 9 – RPA, arrow pointing to the arterial duct between
left CCA and LPA (no vascular ring).
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embryological development of the aortic arch and supra-aortic ves-
sels. As explained in the left aortic arch with aberrant right subcla-
vian artery where the right nerve has a non-recurrent course, the
anomaly is extremely rare on the left side.16–20 The rarity is because
right aortic arch is seen in only 0.1% of the general population, out
of which about 10% will have an aberrant left subclavian or bra-
chiocephalic artery. The majority (up to 50%) of the right aortic
arches will a have left-sided arterial duct.1,9,12 Thus right aortic arch
with regression of primitive left arch at one level, associated with
regression of left distal pulmonary arch artery (sixth arch artery), is
an extremely rare variant, which is associated with non-recurrent
course of the laryngeal nerve, and has been published.21

Regression of the primitive left arch at two levels

This includes two variants (and three phenotypes in each vari-
ant). Regression at two levels causes isolation of the artery (left
subclavian or left brachiocephalic), wherein the artery is no
longer connected to the aorta. However, the isolated artery is con-
nected to the pulmonary artery through the derivative of the dis-
tal sixth arch artery (the pulmonary arch), now the arterial duct
or ligament. Since the recurrent laryngeal nerve courses around
the primitive distal sixth arch artery, intraoperatively the recur-
rent laryngeal nerve is found to be coursing around the isolated
artery. The embryological bases for these phenotypes are shown
in Figure 3.

The first variant is right aortic arch with the isolation of left sub-
clavian artery and recurrent laryngeal nerve winding around it.
This was the variant with the least frequent occurrence amongst
the three types explained by Shuford et al.4 This variant can be sub-
classified based on the characteristics of the arterial duct or liga-
ment, which include fully open arterial duct (Fig 8), stenotic
arterial duct, and closed arterial duct (arterial ligament) (Fig 3).

The second variant is right aortic arch with the isolation of left
brachiocephalic artery and recurrent laryngeal nerve winding
around it. A similar subclassification (see above) can also be
applied to this variant.

In both of these variants, in which arteries are isolated from the
aorta, closure of the left-sided arterial duct leads to isolation of the
vessel from the pulmonary artery. Since the isolation from the pul-
monary artery is acquired here, the recurrent laryngeal nerve will
still course around the isolated artery.

Regression of the primitive left arch at two levels and
regression of left distal sixth arch (pulmonary arch) artery

This includes two variants. Regression at two levels causes isolation
of the artery (left subclavian or left brachiocephalic) from the aorta.
But here, the isolated artery is not connected to the pulmonary
artery either as the distal sixth arch artery (the pulmonary arch)
on the left side has also regressed (absent left-sided arterial duct).
Since the recurrent laryngeal nerve courses around the distal sixth
arch artery, in these variants, the nerve will have a non-recurrent
course. The embryological bases for these phenotypes are shown
in Fig 4.

The non-recurrent course of the nerve is explained by the dis-
appearance of the fourth, fifth (either regressed or never existed),
and distal portion of the sixth (pulmonary arch) arches, on the left
side (Fig 4). This theory is substantiated by the fact that up to 30%
of tetralogy of Fallot patients do not have an arterial duct.22

Moreover up to 28% of right aortic arches do not have an arterial
duct on either side.12

The differentiation between right aortic arch with isolated left
subclavian artery and closed left arterial duct (arterial ligament)
and right aortic arch with isolated left subclavian artery and absent
left arterial duct can be made only intraoperatively, as imaging will
show the vessel (left subclavian artery) isolated from both the aorta
and the pulmonary artery system, and laryngeal nerves or the
arterial ligament are not defined on the CT scan or MRI. The for-
mer will have an arterial ligament which attaches the left subcla-
vian artery to the pulmonary artery, with the left-sided
recurrent laryngeal nerve coursing around it. In the latter, there
will not be an arterial ligament, and the nerve will take the non-
recurrent course. The same is true for distinguishing right aortic
arch with isolated left brachiocephalic artery and closed left arterial
duct (arterial ligament) and right aortic arch with isolated left bra-
chiocephalic artery and absent left arterial duct.

Though it was previously believed that the fifth arch artery is
seen at least transiently, recent studies provide convincing evidence
that there is never a fifth pharyngeal arch in humans, and hence
there can never be a fifth arch artery.11,23,24 This concept might
challenge Rathke’s hypothetical arch diagram, but the embryologi-
cal basis for the development of right aortic arch would not change.

Ethics and institutional review board: Our hospital ethics com-
mittee waived consent for this study, as it is a theoretical article.
Parental consent was obtained for use of all images.

Figure 8. CT scan with three-dimensional reconstruction of
RAA with the isolation of LSA with left arterial duct (a – ante-
roposterior view, b – postero-anterior view). Here, the ductus
is originating from MPA and continuing as LSA (which is
isolated from the aorta). 1 – ascending aorta, 2 – left CCA,
3 – right CCA, 4 – RSA, 5 – isolated LSA, 6 – MPA, 7 – LPA,
8 – RPA, 9 – descending aorta.
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Conclusion

We have put forth a new classification of the right aortic arch,
which is supported by accepted embryological concepts and our
own radiological evidence, as well as intraoperative findings.
This will help in understanding themorphological basis for the for-
mation of different types of right aortic arches. This classification
helps to identify the surgically important right aortic arch varia-
tions. This also proves that all right aortic arches with aberrant left
subclavian artery and left-sided arterial duct cannot cause a vascu-
lar ring. An embryological explanation for the course of the recur-
rent laryngeal nerve in such cases is also provided. Advances in
imaging technology might identify further anatomic variants rel-
evant to this classification.
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