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Abstract

Variations in the branching pattern of the aortic arch are clinically relevant because of the direct
influence that their presence can have on the success of cardio-vascular procedures, neck or
thorax surgery, trauma management or intensive care. In most cases these anatomical variations
are asymptomatic and considered clinically benign, but some particular aortic branching pat-
terns have been associated with surgical complications or with vascular diseases in non-surgical
patients. The main objective of this work was to study the frequency of variation of the aortic
arch branching pattern in a wide and varied population on the basis of literature reports. The
aortic arch branching pattern of 20,030 cases reported by 40 anatomical or radiological stud-
ies were analyzed. 84,52% of the studied population had a three branches pattern and 14,65%
had a two branches pattern. The four primary arteries were seen arising directly from the aortic
arch in 0,81% of the cases and only 0,02% had them all arising from a common trunk.
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Introduction

Several anatomical variations of the aortic arch related to the different origin of
carotid, subclavian, vertebral and thyroid arteries are known. They have been various-
ly described by autoptic studies or by second-level imaging exams. In most cases these
anatomical variations are asymptomatic, but some patterns of aortic arch branching
have been associated with a broad spectrum of pathologies, such as peripheral and/
or central nervous system vascular diseases or aortic aneurysms dissection (Lu et al.,
2015; Gudbrandsson et al., 2016; Maiti et al., 2016; Shang et al., 2016).

The embolic spread of atherosclerotic plaques is a possible complication during aor-
tic arch interventions, leading to a higher impairment of brain perfusion if both common
carotid arteries arise from an unique trunk (Herrera et al., 2013; Cordova et al., 2011).

An atypical origin of the left vertebral artery (LVA) can be wrongly described by
radiologists, predisposing to surgical or endovascular complications (Huapaya et al.,
2015; Hu et al., 2009) or to excessive/unnecessary treatments if erroneously consid-
ered obstructed (Goray et al., 2005).

When dysphagia cannot be explained by usual cause, dedicated exams should be
performed to search for a right subclavian artery (RSA) arising from the left side of
the aortic arch. This variation, usually asymptomatic, can sometimes cause dysphagia,
especially when it develops an aneurismatic dilatation. Some authors also suggest that
intensive care patients should be screened for an aberrant RSA before nasogastric tube
long term placement due the extreme unfavorable prognosis in case of the develop-
ment of an esophageal fistula (Fazan et al., 2003). Others suggest that if an aberrant
RSA is diagnosed during aortic arch repair, corrective surgery should be considered
to prevent complications and further disease (Fazan et al., 2003, Feugier et al., 2003;
Inzunza and Burdiles, 2010). An aberrant RSA also determines a non-recurrent right
laryngeal nerve, which translates into a higher risk of nerve’s injury during otorhi-
nolaryngeal and endocrinological surgery of the neck (Inzunza and Burdiles, 2010).

The reduced number of fixation points found in some arch patterns determinates
a concentration of energy in the arising point of the artery during blunt trauma, lead-
ing to arterial dissection or transversal section (Dumfarth et al., 2015). Patients with
these anatomical variations might need particular attention in the immediate follow-
up, mainly those in which both carotid arteries share a common trunk, where an
hyperextension mechanisms of trauma could lead to a complete compromise in brain
perfusion (Cordova et al., 2011).

Because of all these reasons, it is highly advisable to know and consider the possi-
ble anatomical variations of the aortic arch in clinical practice. The correct recognition
of the main anatomical variations could have direct positive effects on endovascular
treatments and in diagnostic or therapeutic procedures.

Materials and methods

The key words “aortic branching pattern”, “aortic anatomical variations” and
“aortic variations” were introduced in search engines such as PubMed, SciELO and
EMBASE. They were also used directly in several anatomical and medical journals
such as Scholar Science Journals (www.ssjournals.com), Romanian Journal Of Mor-
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phology and Embryology (www.rjme.ro), African Journals Online (www.ajol.info),
Hindawi Publishing Corporation (www.hindawi.com), International Journals in Med-
ical and Health Reseach (www.ijmhr.org), Asian Pacific Journal of Health Sciences
(www.apjhs.com), Firenze University Press (www.fupress.net), International Journal
of Experimental and Clinical Anatomy (www.anatomy.org.tr), American Journal of
Roentgenology (www.ajronline.org), Via Medica Journals (www.journals.viamedica.
pl), Impact Journals (www.impactjournals.us), Revista Argentina de Anatomia Clinica
(www.anatclinar.com.ar).

The selected articles presented an accurate anatomical description of the branch-
ing pattern, obtained either by dissection or imaging studies performed in an adult
healthy population. As some of these studies lacked a clear anatomical description,
the authors were contacted to provide further anatomical details.

Exclusion criteria were case-report studies, studies with less than 20 cases descrip-
tions, and studies for which the anatomical description was unavailable or incomplete.

We found 20,081 cases of aortic arch branching variations reported by 39 cohort
studies and one case-control study.

Fifty-one cases out of 20.081 were excluded because they described either anatom-
ical anomalies of the arch (i.e.: double or right sided aortic arch, aortic coarctation) or
previously known congenital heart disease. Finally, 20.030 cases were included for the
statistical analysis.

Results

If we just consider the four primary arteries - i.e. left common carotid artery
(LCCA), right common carotid artery (RCCA), right subclavian artery (RSA) and left
subclavian artery (LSA) - 84.52% of the population has a 3 branch pattern and 14.65%
has a two branch pattern, independently of the order in which they arise, the combi-
nation of the primary arteries or the presence of secondary arteries (Table 1).

In a minority of the cases (0.81%) the four primary arteries could be seen originat-
ing independently from the arch, whereas in a 0.02% of the analyzed cases they will
all arise from a common trunk.

The prevalence of the normal anatomical disposition in our review resulted to be
80.0%. In the literature the prevalence of this condition varies in a wide range, going
from 63.5% (Budhiraja et al., 2013; Tapaia et al., 2015) to 97.4% (Sunitha and Naras-
inga Rao, 2012).

Table 1. Number of primary arteries arising directly from the aortic arch

Number of primary arteries Number of cases Percentage
1 3 0.02
2 2935 14.65
3 16929 84.52
4 163 0.81

Total 20030 100.00
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Table 2. Totality of the described patterns and its prevalence.

N %o
One branch patterns
1: BCT + LCCA + LSA 2 0.010
1: BCT + LCCA + LSA 2: LVA 1 0.005
Two branches patterns N %
1: BCT + LCCA 2: LSA* 2025 10.100
1: BCT + LCCA 2: LVA 3: LSA 42 0.210
1: BCT + LCCA 2: LSA 3: LVA 5 0.030
1: BCT + LCCA 2: LVA + LSA 1 0.005
1: BCT + LCCA 2: LSA 3: RVA 1 0.005
1: BCT + LCCA 2: Suprascapular artery 3: LSA 1 0.005
1: oc BCT + LCCA 2: LSA 764 3.810
1: oc BCT + LCCA 2: LVA 3: LSA 28 0.140
1: BCT + LICA 2: LECA 3: LSA 1 0.005
1: BCT 2: LBCT 63 0.310
1: BCT 2: LBCT 3: left coronary artery 1 0.005
1: BCT 2: Tima 2: LBCT 1 0.005
1: RCCA + LCCA 2: RSA + LSA 2 0.010
Three branches patterns N %o
1: BCT 2: LCCA 3: LSA** 16023  80.000
1: BCT 2: LCCA 3: LVA 4: LSA 752 3.750
1: BCT 2: LCCA 3: LSA 4: LVA 13 0.070
1: BCT 2: LCCA 3: oc LVA + LSA 0.020
1: BCT 2: LCCA 3: LSA 4: RVA 0.020
1: BCT 2: RVA 3: LCCA 4: LSA 0.010
1: BCT 2: Tima 3: LCCA 4: LSA 38 0.190
1:BCT 2 : RCCA 3 : double LVA 4 : LSA 1 0.005
1: oc RSA + RCCA 2: LCCA 3: LSA 3 0.020
1: RSA 2: RCCA + LCCA 3: LSA 13 0.070
1: LCCA + RCCA 2: LSA 3: RSA 68 0.340
1: RCCA + LCCA 2: LVA 3: LSA 4: RSA 2 0.010
1: LSA 2: BCT 3: LCCA 3 0.020
1: BCT 2: LSA 3: LCCA 3 0.020
1: RCCA 2: LICA 3: LECA 4: LSA 5: RSA 1 0.005
1:RSA2:RCCA3:LBT 1 0.005

The classically known “bovine arch” refers to a common origin of the right brachi-
ocephalic trunk (RBT) and the LCCA. In our review, the bovine arch was described in
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N %o
Four branches patterns N %
1: RSA 2: RCCA 3: LCCA 4: LSA 43 0.210
1: RSA 2: RCCA 3: LCCA 4: LVA 5: LSA 8 0.040
1: RCCA 2: LCCA 3: LSA 4: RSA 108 0.540
1: RCCA 2: LCCA 3: LVA 4: LSA 5: RSA 3 0.020
1: RCCA 2: LCCA 3: LVA 4: Tima 5: LSA 6: RSA 1 0.005
Total 20030 100,000

* bovine arch, ** normal anatomy.

oc: ostium. RCCA: right common carotid artery. LCCA: left common carotid artery. LVA: left vertebral artery.
RVA: right vertebral artery. LSA: left subclavian artery. RSA: right subclavian artery. LICA: left internal carotid
artery. LECA: left external carotid artery. Tima: thyroid ima artery. BCT: brachiocephalic trunk. LBT: left bra-
chiocephalic trunk (LCCA + LSA).

10.1% of the cases, being the variation most frequently found. Other studies report-
ed its prevalence in a range from 0% (Davivongos and Sangiampong, 1986; Alsaif
and Ramadan, 2010; Bhattarai and Poundel, 2010; Demertzis et al., 2010; Inzunza
and Burdiles, 2010; Ogeng’o et al., 2010; da Silva, 2012; Fazal et al., 2012; Yuksek-
kaya et al., 2012; Budhiraja et al., 2013; Acar et al., 2013; Herrera et a., 2013; Rekha
and Senthilkumar 2013; Durai Pandian et al., 2014; Karacan et al., 2014; Lale et al.,
2014; Maheria et al., 2014; Makhanya et al., 2004; Bhatia et al., 2015; Ergun et al., 2015;
Nurefsan et al., 2015; Tapaia et al., 2015) up to 33.3% (Ergun et al., 2015). Table 2 to
show the patterns described and its prevalence.

The presence of a RSA as the last branch emerging from the arch, also known as
arteria lusoria, was described in 0.91% of the reviewed cases. In 96.2% of these cases
the aberrant RSA was the sole anatomical variation, while in 3.8% the lusoria artery
was accompanied by secondary arteries arising directly from the arch.

In the literature, an aberrant RSA was described in a range that goes from 0%
(Davivongos and Sangiampong, 1986; Zamir and Sinclair, 1990; Fazan et al., 2003;
Natsis et al., 2009; Alsaif and Ramadan, 2010; Bhattarai and Poundel, 2010; Demertzis
et al., 2010; Indumathi et al., 2010; Inzunza and Burdiles, 2010; Ogeng’o et al., 2010;
Fazal et al., 2012; Mata-Escolano et al., 2012; Patil et al., 2012; Budhiraja et al., 2013;
Herrera et a., 2013; Rekha and Senthilkumar 2013; Shakeri et al., 2013; Vuéurevié et
al., 2013; Maheria et al., 2014; Rea et al.,, 2014; Ajit and Amarnath 2015; Bhatia et al.,
2015; Ergun et al., 2015; Tapaia et al., 2015; Jalali et al., 2016) to 2.25% (Nurefsan et al.,
2015). Table 3 shows the aberrant RSA prevalence.

The LVA was the secondary artery most frequently found arising directly from the
aortic arch. While in the present review it was found in 4.3% of the cases, its preva-
lence in the literature varies from 0% (Makhanya et al., 2004; Fazal et al., 2012) to
15.4% (Budbhiraja et al., 2013).

The thyroid ima artery (Tima) was the second most frequent secondary artery,
representing 0.20% of the cases in the present work. In the literature its prevalence
ranges from 0% (Davivongos and Sangiampong, 1986; Zamir and Sinclair, 1990;
Fazan et al., 2003; Makhanya et al., 2004; Nayak et al., 2006; Il-Young et al., 2008;
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Table 3. Aberrant RSA prevalence.

Number of cases Percentage

Aberrant RSA as the only variation 176 0.88
Aberrant RSA + secondary arteries 7 0.03
Total number of cases with an aberrant RSA 183 0.91
Table 4. Secondary arteries prevalence.

Secondary artery Total number of cases Percentage
LVA 860 4.300
TIma 40 0.200
RVA 6 0.030
LICA/LECA 2 0.010
Left coronary 1 0. 005
Suprascapular 1 0. 005
Total 910 4.500

* one patient presented more than one secondary artery arising directly from the AA (LVA+TIma) and was
considered in each one of the single categories.

Berko et al., 2009; Alsaif and Ramadan, 2010; Bhattarai and Poundel, 2010; Demertzis
et al.,, 2010; Indumathi et al., 2010; Inzunza and Burdiles, 2010; Ogeng’o et al., 2010;
da Silva, 2012; Mata-Escolano et al., 2012; Patil et al., 2012; Sunitha and Narasinga
Rao, 2012; Yuksekkaya et al., 2012; Acar et al., 2013; Budhiraja et al., 2013; Ergun et
al., 2013; Herrera et a., 2013; Rekha and Senthilkumar 2013; Lale et al., 2014; Mahe-
ria et al., 2014; Rea et al.,, 2014; Ajit and Amarnath 2015; Bhatia et al., 2015; Shakeri
et al.,, 2013; Ergun et al., 2015; Nurefsan et al., 2015; Tapaia et al., 2015) up to 2.2%
(Vucurevié et al., 2013).

The rest of the secondary arteries, when not isolated cases, were very infrequently
found, as seen in Table 4.

Discussion

Over the last years growing evidence was collected that anatomical variations of
aortic arch branching may be associated with a broad spectrum of pathologies, such
as peripheral and/or central nervous system vascular diseases or aortic aneurysms
dissection.

Even if variations of aortic arch branching are commonly asymptomatic and con-
sidered clinically benign, in recent years some patterns (like that classically known
as “bovine arch” or variants in which the LVA or an aberrant RSA originate direct-
ly from the arch) have been linked to a higher rate of thoracic aortic disease when
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compared to general population. A role as potential anatomic biomarkers or as a risk
factor for future development of thoracic aortic disease has been suggested by some
authors (Dumfarth et al., 2015).

The knowledge of the exact morphology of anatomical organization of aortic arch
branching in each subject should be an essential information to be acquired for the
correct planning of surgical interventions (Ried et al.,, 2015; Spear et al., 2016;Yang et
al., 2016), being relevant not only for vascular surgeons but also for general and tho-
racic ones (Thors et al., 2014; Ried et al., 2015; Jalali Kondori et al., 2016), clinical phy-
sicians (Fujita et al., 2015; Lu et al., 2015) and radiologists (Jalali Kondori et al., 2016;
Maiti et al., 2016; Wilbring et al., 2016).

The aortic arch branching pattern influences not only the technical procedure
per se but also reconstruction, catheterization phases and brain perfusion strategies.
Indeed, patients with anatomical variations are reported to have higher rates of direct
interventions on aortic arch (Dumfarth et al.,, 2015) and increased neurological com-
plications during simple procedures such as carotid stenting, due to additional tech-
nical difficulties (Faggioli et al., 2007).

An incidental injury of an unrecognized LVA arising from the aortic arch during
surgery or endovascular procedures can lead to hemorrhagic or permanent neurolog-
ic complications (Hu et al., 2009; Huapaya et al., 2015).

Anatomical variations can also represent an obstacle in radio-diagnostics, espe-
cially when imaging techniques are applied in adverse situations such as emergencies
and trauma (Wilbring et al., 2016). In other cases, an artery might be erroneously con-
sidered obstructed during radiological studies either because it eludes catheterization
or because it is not found in the normally expected area, leading to diagnostic mis-
takes and eventually unnecessary or excessive treatments.

The aberrant RSA, independently of the number or type of the other branches,
was present in 0,91% of the cases. These numbers should be evoked before long term
nasogastric tube placement and during aortic arch repair surgery, otorhinolaryngolog-
ical and endocrinological neck’s surgery or study of dysphagic patients.

Emergency room physicians and trauma surgeons should consider the presence
of two branches patterns in trauma patients who show unexpected neurological clini-
cal signs and evolution due to a complete brain perfusion hampering (Feugier et al.,
2003; Cordova et al., 2011).

Anatomical variations of aortic arch branching may also alter data interpretation
during hemodynamic procedures because pattern of blood flow, pressure waves and
velocity profiles are highly influenced by and correlated with the vascular morphol-
ogy. If the anatomical disposition of vessels is not taken into account, measures can be
misinterpreted and cause wrong diagnosis (Babu and Sharma, 2015; Flores et al., 2016).

Conclusions

This work includes, as far as we know, the highest number of cases and the wid-
est ethnical representation on the addressed issue. Its results should be taken into
account in the different situations described.

The normal anatomy still remains the most frequent pattern. The two branches
patterns are less frequent, but they’re found in almost 15% of the population. Four
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branches patterns were found in almost 1% of the evaluated cases, while patterns in
which all the primary arteries arose from a common trunk are almost anecdotal.

Variants in which the LVA or an aberrant RSA originate directly from the aortic
arch have low prevalence but must be known because of the clinical relevance of its
potential complications (Shakeri et al., 2013; Rea et al., 2014).
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