M

VIA MEDICA

Folia Morphol.

Vol. 65, No. 3, pp. 236-241

Copyright © 2006 Via Medica

CASE REPORT ISSN 0015-5659

www.fm.viamedica.pl

A retrotracheal right subclavian artery
in association with a vertebral artery
and thyroidea ima
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The retro-oesophageal right subclavian artery is an anatomical abnormality en-
countered by anatomists and pathologists and, more recently, interventional
cardiologists and thoracic surgeons with an incidence of 0.2-2% in the popula-
tion. We report a case of a retrotracheal right subclavian artery which originated
distally along the left aortic arch and coursed between the trachea and the
oesophagus. Additionally, the aortic arch gave rise to a common trunk, which
subsequently bifurcated to yield to a right vertebral artery and a left thyroidea
ima, replacing the left inferior thyroid artery. Consequently the right and the left
recurrent laryngeal nerves were found to recur normally. The possible embryonic
development of these branching patterns and their clinical significance is discussed.
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INTRODUCTION

With the increasing use of imaging studies, anom-
alies of the aortic arch have been identified more
frequently [6]. However, the clinician should be aware
of their existence to better appreciate the wide range
of anomalies that occur in the arch and the great
vessels. This could help in adequately managing these
variations in emergency approaches to the arch and
the great vessels when imaging studies are not avail-
able [10].

In approximately 80% of individuals, three
branches arise from the aortic arch: the brachioceph-
alic trunk, the left common carotid artery and the
left subclavian artery [9]. Adachi first described this
branching pattern as type A [2]. Another 11% of re-

ported cases exhibit Adachi’s pattern type B, which
consists of a common trunk for the left common
carotid artery and the subclavian artery. This branch-
ing pattern results in only two trunks originating from
the aortic arch. The third most common pattern,
type C, is characterised by the vertebral artery, orig-
inating proximally to the left subclavian artery as
a fourth branch of the aortic arch. The remaining
1% of cases are composed of numerous other aortic
arch branching pattern variations [23].

Thomson was able to identify nine different vari-
ations in the mode of origin of the branches arising
from the aortic arch in 500 specimens [32]. In five of
the specimens (1%) he was able to identify a retro-
oesophageal right subclavian artery (RRSA) and
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classified it as type D. Similar important contribu-
tions to the classification and description of the
branching pattern of the aorta have been made by
Quain [28] and Henle [17]. According to these au-
thors, the RRSA was reported from 1791 until 1868
as occurring in 13 individuals. From 1868 until re-
cently more than 100 cases of RRSA have been de-
scribed.

In this report we describe an unusual case in
which a left aortic arch gave rise to a right retrotra-
cheal subclavian artery (RtRSA) and a common trunk,
which subsequently bifurcated to yield to a right
vertebral artery and a left thyroidea ima, replacing
the left inferior thyroid artery.

CASE REPORT

During a routine medicolegal autopsy of a 12
year-old male at the Department of Forensic Service
at Warsaw Medical University a unique branching
pattern of the aortic arch was discovered. The young
male had died from brain injuries sustained during
a motor vehicle accident. While no obvious gross
pathological changes or traumatic rupture of the
vessels involved was evident, it is unknown whether
the anomaly was a contributory cause of death.
During the examination a RtRSA anomaly was rec-
ognised and the aorta (along with the proximal parts
of its branches and its associated thoracic viscera)
was removed en bloc from the body. The specimen
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was then cleaned, dissected to expose silent features
and photographed. After careful examination the
examiners returned the specimen to the body. The
young male did not possess any abnormalities apart
from the anomalous right subclavian artery, which
originated from the descending aortic arch, and the
common trunk giving rise to a right vertebral artery
and a thyroidea ima. The aortic arch appeared unre-
markable. The branches of the aortic arch (proximal
to distal) were as follows: right common carotid ar-
tery, left common carotid artery, common trunk with
a right vertebral artery and to the left a thyroidea
ima, left subclavian artery and RtRSA. The RtRSA
crossed between the oesophagus and the trachea
posteriorly to reach the right upper limb (Figs. 1, 2).
Consequently, the brachiocephalic trunk was absent.
Additionally, the common trunk, which arose between
the left common carotid and the left subclavian ar-
tery, subsequently bifurcated to yield the right verte-
bral artery and the left thyroidea ima. The left verte-
bral artery arose normally. The thyroidea ima appeared
to be replacing the left inferior thyroid artery.

There were no noticeable abnormalities in the
heart or the remaining thoracic organs. The tra-
chea and oesophagus were positioned normally.
All abdominal viscera were normally located with-
out any malformation or disease. Both right and
left recurrent laryngeal nerves looped typically
around the right subclavian artery and aortic arch,
respectively.

Figure 1. This figure shows a left aortic arch giving rise to a common trunk, in which a right verte-
bral artery and a left thyroidea ima arise as well as a retrotracheal right subclavian artery.
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Figure 2. This scheme demonstrates the retrotracheal right subclavian artery arising distally from the aortic arch. In addition the scheme
demonstrates all the additional branches such as the right vertebral artery and a thyroidea ima, replacing the left inferior thyroid artery.

DISCUSSION

The origin of the RRSA as the last branch of the
aortic arch is a common congenital aortic arch anom-
aly with a reported prevalence of 0.4-2% [18, 20].
Of these cases 15% exhibit a retrotracheal course [21],
the remaining specimens resulting in the retro-oe-
sophageal variant.

Itis important to make a clear distinction between
RRSA as reported by Klinkhamer [18] and Léger [20]
and RtRSA as described here. In the excellent review
paper of Nizanowski et al. [24] 25 types of abnor-
mal origin from the arteries of the aortic arch are
described, in ten of which a RRSA is exhibited. How-
ever, we were unable to find a similar case to ours
according to Nizanowski’s classification [24].To the
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best of our knowledge this is a unique case in which
a left aortic arch gave rise not only to an RtRSA but
also to a common trunk from which a vertebral ar-
tery and a thyroidea ima arose.

Five paired arches develop in the first five months
of embryonic life. Several segments degenerate, lead-
ing to the normally branching left aortic arch. These
correspond to: the distal portion of the right dorsal
aortic root, the first and second aortic arches on both
sides, both dorsal aortae between the third and fourth
aortic arches, resulting in the common carotid arter-
ies, the distal right sixth arch and the upper dorsal
intersegmental arteries with the exception of num-
ber seven on both sides [7]. There are even variations
within the “normal” aortic arch. The vertebral artery
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may originate, as in our case, from the aortic arch.
Normally the vertebral arteries originate from an ar-
tery paralleling the dorsal aorta and connected by
multiple intersegmental arteries. The origin of the
vertebral arteries from the aortic arch is explained
by degeneration of the normal origin from the sev-
enth intersegmental artery with persistence of a high-
er intersegmental artery, such as the sixth [12]. The
developmental RtRSA anomaly occurs when degen-
eration of the fourth vascular arch, along with the
dorsal aorta, leaves the seventh intersegmental ar-
tery attached to the descending aorta [1]. This per-
sistent seventh intersegmental artery assumes
a retro-oesophageal or retrotracheal position as it
proceeds out of the thorax into the right arm and
becomes RRSA or RtRSA in the adult. Alternatively,
the descent of the cranial part of the trachea and
the ascent of the caudal part may fuse anteriorly to
the subclavian artery, forming an RtRSA [21, 22].

The embryological basis of the development of
a thyroidea ima still remains largely unknown. A re-
cent report by Vasovic et al. [33] claims that the thy-
roidea ima artery probably represents an example of
the arterial self-differentiation and induced differ-
entiation of the arteries of the aortic arch. However,
we agree with the theory proposed by Robinson that
the thyroidea ima artery is the principal embryonic
blood source to the third and fourth pharyngeal
pouches [29]. As a result, anomalous or late mor-
phogenesis of the third and fourth pharyngeal
pouches may favour the persistence of a thyroidea
ima artery to adulthood [29].

Interestingly, cases of RtRSA may arise in situs
inversus and a double aortic arch. Apart from these
cases, Bialowas et al. [8] described four cases of rare
aortic arch anomalies in a study including 1700 ca-
davers. These included two cases of a left-sided aor-
tic arch with aberrant right subclavian artery, a case
of a left-sided aortic arch with a retro-oesophageal
course and a right side descending aorta and, final-
ly, a case of a right-sided aortic arch with a retro-
oesophageal bulge and an aberrant subclavian ar-
tery. Despite the fact that none of these cases were
identical with ours, all of them share the same clin-
ical symptoms.

There are no reports in the literature describing
the precise clinical symptomatology of an RtRSA. We
suggest that owing to the specific location of RtRSA
posterior to the trachea, it may result more often in
dyspneic conditions as opposed to dysphagia, which
is more common with RRSA. However, we cannot
exclude the possibility of a patient with RtRSA ex-
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pressing the same symptoms as a patient with RRSA.
These include dysphagia, and the condition of an
RRSA or RtRSA is thus termed “dysphagia lusoria”.
RRSA or RtRSA compress the oesophagus, causing
painful swallowing. Usually symptoms are intermit-
tent and do not need any specific treatment. Sur-
gery is reserved for patients with severe and pro-
gressive symptoms. In addition, a vascular ring for-
mation known as Kommerell's diverticulum can
present with significant tracheo-oesophageal com-
pression [4, 5]. In elderly patients the RtRSA could
be become tortuous and ectatic, resulting in oesoph-
ageal or tracheal compression, for which surgery is
indicated if the symptoms are severe [27].

The inferior right recurrent laryngeal nerve is an
asymptomatic variation or anomaly, which can be
an important obstacle and may be seriously dam-
aged during cervicotomy, thyroid and parathyroid
surgery. In such cases the inferior right recurrent la-
ryngeal nerve is a classic risk and must be eliminated
by location and routine dissection of the nerve [11].
The importance of the diagnosis of a RRSA and/or
inferior right recurrent laryngeal nerve differs accord-
ing to whether the patient is a child or an adult. This
is of particular importance when the diagnosis con-
cerns an asymptomatic neural anomaly [11, 22] dis-
covered by dissection or a vascular anomaly whose
symptoms are quite variable [11, 31].

According to Hara et al. [16] and Proto et al. [26],
the RtRSA course was present in 43-44% of the ar-
teries examined with CT and radiographs. This course
is able to create a posterior tracheal imprint which
appears as a vascular retrotracheal opacity. As a re-
sult of this course Hara et al. [16] suggest that the
blood vessels themselves and the oesophagus lying
between them have been compressed anteriorly and
cause constant displacement of the trachea. Barium
oesophagography, angiography and MR angiogra-
phy are reported to be useful for confirming the
diagnosis [3]. An interesting report by Parker et al.
revealed four cases of symptomatic vascular rings,
including one case of RtRSA, causing asthma [25].
The asthma could possibly be due to anterior dis-
placement of the trachea from RtRSA.

RtRSA is also clinically important to the angiog-
rapher who uses the right axillary, brachial or radial
approach to the ascending thoracic aorta [1, 13]. The
presence of an RtRSA could be suspected in cases in
which catheterisation of the ascending aorta proves
difficult. Using the right radial approach, access to
the ascending aorta is usually easy, as the brachio-
cephalic trunk is the first branch of the aortic arch
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permitting direct access to the ascending aorta. As
aresult, angiography in the presence of RtRSA could
be very challenging [11].

The incidence of an anomalous course of the ver-
tebral artery is low [15]; nevertheless, failure to rec-
ognise it promptly may result in iatrogenic injury
during surgical procedures of the neck. Four recent
detailed reports of abnormal origin of the vertebral
artery associated with variations of the aortic arch
are described in the literature. Gluncic and Marusic
[15] described a left vertebral artery arising from
a common trunk of the aortic arch that also gave
rise to the left subclavian artery [15]. Best and
Bumpers [10] described an angiogram finding of
a RRSA and a right vertebral artery originating from
the right carotid artery. Fazan et al. [14] reported
a case of a right vertebral artery originating from
the right common carotid artery with the addition
of a RRSA. Koenigsberg et al. [19] described three cas-
es of right vertebral artery abnormalities: the vertebral
artery arising as the fourth and most distal branch of
the aortic arch, as a distal to the right thyrocervical
trunk and as a branch of the right common carotid
artery in addition to a RRSA. All the aforementioned
cases present similarities with our case. However, our
case identified a thyroidea ima artery which none of
the previously mentioned studies identified.

With regard to the common trunk with a verte-
bral artery and a thyroidea ima arising from the aor-
tic arch, the clinical consequences are also unknown.
One possible problem could arise in the case of aor-
tic dissection. During aortic arch dissection the ori-
fices of the common carotid arteries may often be-
come occluded, drastically decreasing cerebral blood
flow. In the present case the ostium of the vertebral
artery may also have become occluded, thus lead-
ing to a decrease in blood flow to the brain.

Yilmaz et al. [34] reported a case of a thyroidea
ima arising from the brachiocephalic trunk and the
left vertebral artery from the aortic arch. Similarly,
Schwarzacher and Krammer [30] described a case in
which the aortic arch gave rise to five primary branch-
es: the brachiocephalic trunk, giving rise to a thyroi-
dea ima, the left common carotid artery, the left
vertebral artery, the right subclavian artery and the
right vertebral artery.

In the field of clinical anatomy it continues to
remain important to report unusual or rarely seen
anatomical variations. By constantly adding to our
wealth of knowledge, physicians and anatomists can
ensure forward progress and, ultimately, better clin-
ical outcomes for our patients.
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CONCLUSIONS

Fortunately, most variations of the aortic arch and
great vessels are not a reason for patient complaints.
However, in order to decrease the risk of iatrogenic
injury, clinicians dealing with the arch and the great
vessels should be aware of this variation, as more
imaging studies and catheter-based techniques are
performed every year. Furthermore, knowledge of
the embryology of the cardiovascular system could be
a useful tool for understanding the pathophysiology
of the variation and recognising it better.
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