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INTRODUCTION

The standard configuration of the aortic arch develops as a result of a 
complex embryological process during the first few weeks of gestation. It 

begins with a primitive dorsal and ventral aorta connected by a number of 
embryological arches, each of which gives rise to a specific branch component. 
Three main branches normally stem from the arch in succession from right 
to left: the brachiocephalic trunk (which bifurcates into the right sub-clavian 
artery and the right common carotid artery), the left common carotid 
artery and the left subclavian artery, which serve to supply the head, neck 
and upper limbs. Abnormal persistence or regression of the embryological 
arches may cause variations in the size, number and origin of these vessels. 
Variations in arch typology and the development of variant branches are 
reported in the literature with variations existing in 30% of individuals 
[1]. Usually these are asymptomatic however some variations may cause 
alterations in cerebral haemodynamics leading to aneurysm formation and 
vessel dissection, as well as producing compressive symptoms in a minority of 
individuals. Furthermore, in the expanding era of endovascular surgery and 
with the success of carotid artery stenting, an awareness of arch morphology 
is becoming increasingly important for interventional radiologists. Pre-
operative detection of these anomalies is crucial for the planning of safe 
surgical and radiological intervention and preventing potentially fatal 
ischaemic complications. Modern radiological modalities such as CT 
angiography provide clinicians with the tools to study the detailed vascular 
anatomy in clinical practice, however this anatomical 3D understanding is 
also supported with findings from cadaveric dissection. The objective of the 
present study was to evaluate the incidence of branching anomalies and arch 
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Introduction: Anatomical variations of the aortic arch are 
clinically significant for diagnostic and surgical procedures in 
the mediastinum. Our objective was to determine the arch 
morphology and incidence of variant branching patterns in both 
a cadaveric and patient population. 

Materials and Methods: 194 CT scans were retrospectively 
analysed for branching variations and arch type. 18 cadavers were 
dissected with variations noted.

Results: Analysis of scans revealed normal branching in 77.32%, 

bovine arch pattern in 14.43%, direct origin of the left vertebral 
artery in 7.73% and a bovine arch with direct origin of the left 
vertebral artery in 0.52%. A significant correlation (p<0.0001) 
was found between arch type and age, with the mean age of a type 
1 arch 51.1 years, type 2 arch 60.7 years, and type 3 arch 70.7 years. 
Direct origin of the left vertebral artery was found in one cadaver.

Conclusion: Correlation between arch type and age strengthens 
the concept of age-related unfolding of the aortic arch. A 
detailed understanding of the branching variations of the arch 
is important in the disciplines of anatomy, radiology and cardio-
thoracic surgery.
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characteristics in both a cadaveric and patient population. Through the use 
of dissection and computed tomography, clinically relevant morphometric 
data was gathered which can be applied to both the diagnostic and surgical 
field.

MATERIALS AND METHODS

Eighteen cadavers, including 10 female (mean age at death 93.9 years) and 
8 male (mean age of death 83.9 years) were obtained from the Centre for 
Biomedical Sciences, Queen’s University Belfast. The cadavers were pre-
dissected by medical students and the mediastinum was exposed to reveal 
the aorta and its branches. Each cadaver was assessed for the presence of 
variations pertaining to the arch. Photographs were documented of both the 
normal arch anatomy and of any variation present using a Nikon D3200 
digital camera.

Two hundred and six anonymised consecutive Computed Tomography (CT) 
scans were obtained from the Department of Radiology at Royal Victoria 
Hospital. Consecutive patients undergoing diagnostic evaluation during a 
two year period from January 2014 to February 2016 were selected. Eleven of 
the 206 images were excluded due to technical limitations and poor image 
clarity; excessive thoracic kyphosis in one elderly female made measurement 
impossible. The final study population consisted of 194 patients (125 
males, 69 females; mean age 62 (± 17.36) years; age range 18-96 years). The 
patients were assigned to 7 age categories; 18-30 (n=13, 6.7%), 31-40 (n=14, 
7.22%), 41-50 (n=14, 7.22%), 51-60 (n=33, 17.01%), 61-70 (n=50, 25.77%), 
71-80 (n=48, 24.74%) and 81-96 (n=22, 11.34%). Ethical approval was 
obtained from Queens University Belfast ethics board. Informed consent 
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from the patients was not required. All exams had previously been reported 
by Consultant Radiologists. The patient reports or personal demographic 
details were not accessed during review of imaging.

All CT scans were performed using 64-slice CT scanners (CT1 Phillips 
Ingenuity 128 and CT2 Phillips ICT 128). Imaging parameters utilised 50 
cm and 45.6 cm Field of View (FOV) respectively and slice thickness of 2 
mm with 50% overlap, slice increment of 1 mm and slice collimation of 
64×0.625. A solution of iodinated contrast was administered intravenously 
(300 mg I/ml), with a volume acquisition in the arterial phase. The images 
were reviewed on a PACS workstation using Multiplanar Reconstructions 
(MPR). Images were analysed in axial, coronal and sagittal planes with 
measurements taken in the parasagittal plane.

The scans were evaluated by assessing variations in the anatomy and 
branching patterns of the arch. The arch was categorised into three types 
based on the vertical distance from the proximal wall of the origin of the 
brachiocephalic trunk to the highest point of the aortic arch (Figure 1). 
The ratio of this distance to the diameter of the left common carotid artery 
(Figure 2) is <1 in a type 1 arch, between 1-2 in a type 2 arch and >2 in a 
type 3 arch [2]. The diameters of the brachiocephalic trunk, right subclavian 
artery and the arch of the aorta at its highest point were measured in 104 
scans. Where present, the diameter of the left vertebral artery arising from 
the arch was also measured.

Statistical analysis

All statistical analyses were performed using SAS 9.3 [3]. Summary statistics 
and frequency tables were generated to describe the following characteristics 
about the sample population: age, gender, variations, vertical distance, 
diameters of the left common carotid artery, right subclavian artery, 
brachiocephalic trunk and arch. Data were checked for normality and 
homogeneity of variance by histograms, QQ-plots, and formal statistical 
tests as part of the PROC UNIVARIATE procedure of SAS. Non-statistically 
significant interactions were sequentially removed from the model. Data 
are presented as the mean with Standard Deviation (SD). Differences in 
the ages of the patients, represented as seven age categories (18-30; 31-40; 
41-50; 51-60; 61-70; 71-80; 81-96) among the three branching types were 
analysed using PROC GLM one-way ANOVA followed by the Tukey test 
(SAS 9.3). P values less than 0.05 were considered statistically significant. 
The correlations between age, gender, type of arch, variations, diameter of 
vessels and diameter of the arch were statistically analysed using Pearson 
correlation procedure in SAS.

RESULTS

Of the 18 cadavers one branching variation was found (5.6%) where the 
left vertebral artery arose directly from the arch between the left common 
carotid artery and left subclavian artery in a 97 year old male (Figure 3). 
The branches of the aortic arch from right to left were the brachiocephalic 
trunk, left common carotid artery, left vertebral artery and left subclavian 
artery. No additional branching variations of the thoracic aorta were noted. 
The remaining 17 cadavers (94.4%) had a normal left-sided arch with three-
branch configuration (Figure 4). 

Of the 194 CT scans, arch type was determined for each patient based on 
the anatomical illustrations depicted in (Figure 5) and methodology of a 
previous study by Demertzis et al. [2]. Fifty-five patients (28.4%) had a type 
1 arch, 59 patients (30.4%) had a type 2 arch and the type 3 arch was the 

most commonly observed, prevalent in 80 patients (41.2%). The grouping 
of patients into the seven age categories; 18-30, 31-40, 41-50, 51-60, 61-70, 
71-80 and 81-96 showed age related trends with arch type (Table 1). Pearson 
correlation coefficient (r) demonstrated a statistically significant association 

 

Figure 1) Measurement technique-Vertical distance taken between the horizontal 
planes passing through the top of the arch and through the origin of the brachiocephalic 
trunk in the parasagittal plane.

Figure 2) Measurement technique-Diameter of the left common carotid artery taken 
in the parasagittal plane.

Figure 3) Photograph of left vertebral artery arising directly from the arch in a 97 
year old male cadaver (BT- Brachiocephalic trunk, LCC- Left common carotid artery, 
LVA- Left vertebral artery, LSCA- Left subclavian artery).

Figure 4) Photograph of normal aortic arch branching (BT- Brachiocephalic trunk, 
LCC- Left common carotid artery, LSCA- Left subclavian artery).

Figure 5) Illustration of arch types 1-3, adapted from Demertzis et al. (2010) (CCA- 
Left Common Carotid Artery).
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(r=0.47; p<0.0001) between age and arch type and between vertical distance 
and arch type (r=0.79; p<0.0001), with a type 3 arch being more prevalent 
in the older age categories. There was a significant correlation between age 
and the vertical distance (r=0.53; p<0.0001), as measured from the top of 
the arch to the origin of the brachiocephalic trunk. Age was however not 
significantly associated with the diameters of the vessels or the arch. Gender 
was not significantly associated with any of the measured variables, which are 
displayed in (Table 2).

All of the 194 arches were left-sided, 150 (77.32%) showing the usual 
three branch configuration of brachiocephalic trunk, left common carotid 
artery and left subclavian artery. A bovine arch, the common origin of the 
brachiocephalic trunk and left common carotid artery, was present in 28 
(14.43%) patients and the left vertebral artery arose directly from the arch in 
15 (7.73%) cases. An interesting case of both a bovine arch and direct origin 
of the left vertebral artery was also discovered in a 59 year old female. These 
findings together with gender breakdown are shown in (Table 3).

DISCUSSION

To the best of our knowledge, this is the first Irish study to evaluate the 
incidence of branching anomalies and arch characteristics in both a cadaveric 
and patient population, through the use of dissection and computed 
tomography. Previous studies in the literature have reported discrepancies 
in variations of the morphology and branching configuration of the aortic 
arch, which occur frequently as a result of embryological dysmorphism or 
age-related degenerative change.

The aortic arch can be morphologically classified into three types according 
to the relationship between the brachiocephalic trunk and the arch (Figure 5). 

Arch 18-30 31-40 41-50 51-60 61-70 71-80 81-96 Number of 
patients Mean age (SD) years

Type 1 8 10 5 7 17 8 0 55 (28.4%) 51.1 (17.42)

Type 2 4 2 6 15 15 15 2 59 (30.4%) 60.7 (15.89)

Type 3 1 2 3 11 18 25 20 80 (41.2%) 70.7 (13.52)

TABLE 1

Arch type according to age category. 

Variable Mean Minimum Maximum SD Number missing Range Coefficient of variation

Age (Years) 62.10 18.00 96.00 17.36 0 78.00 27.95

Vertical distance (cm) 1.39 0.20 5.20 0.99 0 5.00 71.17

Diameter RSC (cm) 0.71 0.39 1.05 0.12 0 0.66 17.47

Diameter RCC (cm) 1.06 0.65 1.52 0.19 89 0.87 18.20

Diameter Arch (cm) 2.38 1.67 3.12 0.13 89 1.45 12.81

Diameter BT (cm) 1.20 0.72 1.86 0.21 89 1.14 17.26

TABLE 2
Summary of results of radiological measurements (LCC: Left Common Carotid Artery; RSC: Right Subclavian Artery; BT: Brachiocephalic Trunk)

Variation Male Female Total Total %

Normal 93 (62%) 57 (38%) 150 77.32%

Bovine 21 (75%) 7 (25%) 28 14.43%

Left Vertebral (LVA) 11 (73.3%) 4 (26.7%) 15 7.73%

Bovine and LVA 0 (0%) 1 (0.61%) 1 0.52%

Right aberrant subclavian 0 (0%) 0 (0%) 0 0%

TABLE 3
Incidence of variation of arotic branching in patient population.

In a type 1 arch the supra-aortic branches arise from a horizontal plane across 
the outer curvature of the arch. The vertical distance, from the proximal 
origin of the brachiocephalic trunk to the top of the arch is less than 1 of the 
left common carotid artery diameter. In a type 2 arch the brachiocephalic 
trunk arises between the horizontal planes through the inner and outer 
curvatures. The vertical distance is between 1 and 2 times the diameter of 
the left common carotid artery. In a type 3 arch the brachiocephalic trunk 
will originate inferior to the horizontal plane through the inferior curvature 
of the arch, and the vertical distance will be greater than 2 times the diameter 
of the left common carotid artery [4].

The present study found a significant correlation (Pearson (r=0.47; p<0.0001) 
between arch type and age, with the type 3 arch occurring more frequently 
in the older age categories. The mean age (SD) of a type 1 arch is 51.1 (17.42) 
years increasing to 60.7 (15.89) years with a type 2 arch and 70.7 (13.52) 
years with a type 3 arch. These findings are in broad agreement with a recent 
Japanese study by Kojima et al. as shown in (Table 4) [5]. However, Demertzis 
et al. performed a similar study and their occurrence of type 3 arches was 
much lower at 17% compared to 41.2% (present study) and 64.0% (Kojima 
et al.) [2,5]. Their relatively small sample size and narrower age range were 
likely limiting factors however it is unclear why there are comparatively fewer 
type 3 arches given its older age profile. The larger population size and wider 
age range of the present study should lead to more reliable results. A detailed 
breakdown of arch type according to age is shown in (Table 1).

The Type 3 arch tends to occur in older individuals as the aorta elongates and 
unfolds as a consequence of ageing and long-standing hypertension [6]. The 
elongation of the ascending aorta and arch causes an inferior displacement 
of the origins of the aortic branches and the resultant increased angulation 

Type of Arch age (SD) Patients (n) Mean Type 1 age (SD) Mean Type 2 Mean age (SD) Type 3 (SD) Mean age

Present study (17.36) 194 62.1 55 (28.4%) 51.1 (17.42) 59 (30.4%) 60.7 (15.89) 80 (41.2%) 70.7 (13.52)

Kojima et al. (2016) (12.7) 139 68.0 20 (14.4%) 56.1 (18.0) 30 (21.6%) 66.3 (11.5) 89 (64.0%) 71.7 (9.8)

Demertzis et al. (2010) (9.9) 92 69.4 43 (47%) 67.35 (8.66) 33 (36%) 68.67 (11.57) 16 (17%) 74.67 (7.52)

TABLE 4
Breakdown of arch by patients (mean age (SD) in years) in present and previous radiological studies.



Boyle KO, et al. 

Int J Anat Var Vol 12 No 4 Dec 201943

makes it more difficult to traverse the arch and access the carotid artery 
[7]. The steep arch is hard to manoeuvre and during cerebral aneurysm 
catheterisation, emboli dislodgment may occur due to manipulation within 
a highly stenotic vessel [8]. The common carotid artery is usually accessed via 
the femoral artery approach, however in cases of a complex arch the brachial 
or radial artery may be preferred [9].  

The aortic arches in both cadaveric and patient populations were analysed 
for branching variations, which occur in around 30% of individuals as a 
result of deviation from normal arch development [10]. Awareness of 
the embryological process is key to understanding the formation of arch 
anomalies.

The 3rd week of gestation marks the beginning of aortic development, with a 
primitive dorsal and ventral aorta, linked together by six pairs of aortic arches, 
from which the adult aorta and its branches are derived. The first, second 
and fifth arches regress. The 3rd arch gives rise to the common and internal 
carotid arteries, the 4th right arch forms part of the right subclavian artery 
whereas the 4th left arch forms the segment of arch between the left common 
carotid and left subclavian arteries. In addition to the arches, the two ventral 
aortae fuse to become the aortic sac, from which arises the ascending aorta 
and brachiocephalic trunk. The two dorsal aortae also fuse to form the 
descending aorta and additionally they give off intersegmental arteries. The 
left subclavian artery arises from the left 7th intersegmental artery entirely. 
The proximal aspect of the right subclavian artery is derived from the right 
4th aortic arch, whereas the distal aspect originates from the right dorsal 
aorta and the right 7th intersegmental arteries [11]. Any disruption to this 
developmental process will produce a variant branching pattern [12].

In the present study of 194 patients, variations were found in 22.68% of 
patients. A bovine arch was present in 14.43% while 7.73% showed a direct 
origin of the left vertebral artery from the arch. Our results were closely 
correlated with those of Patil et al. who reported the normal branching 
pattern in 77.3%, bovine arch in 14.6% and direct origin of the left vertebral 
artery in 8% [13].

The normal configuration of the aortic arch consists of the brachiocephalic 
trunk, left common carotid artery and left subclavian artery in right to left 
succession (Figures 6 and 7). This occurs in around 70% of individuals, 
ranging between 64.9-94.3% in the literature [14]. Normal branching was 
evident in 77.32% of patients in this study.

The brachiocephalic trunk may develop a common origin with the left 
common carotid artery, in what is known as a bovine arch (Figure 8). This is 
the most common variation, present in around 13% of individuals ranging 
between 10 and 27% [15,16]. Our result of 14.43% is in agreement with 
the above two studies and also with Acar et al. who reported an incidence 
of 14.91% [17]. Although asymptomatic, if this common trunk is occluded, 
critical ischaemic consequences can occur as both carotid arteries arise from 
this single trunk.

The vertebral artery normally originates from the first part of the subclavian 
artery and enters the foramen tranversarium of the 6th cervical vertebra before 
ascending to provide blood supply to the posterior circulation [18]. The pre-
vertebral part of the left vertebral artery develops from the proximal part of 
the dorsal 7th intersegmental artery. This is the only intersegmental artery 
to persist, forming the left subclavian artery. However if there is persistence 
of the 6th intersegmental artery, the vessel will arise from the arch between 

the left common carotid and left subclavian arteries. Less commonly, if 
there is persistence of the 8th intersegmental artery, it will originate distal 
to the left subclavian artery. Persistence of the 4th and 5th intersegmental 
arteries will cause duplication of the vertebral artery [19]. The vertebral part, 
extending between foramen transversarium C1-C6, develops from post-
costal longitudinal anastomoses between the 1st-7th intersegmental arteries 
[10,20]. The origin of the left vertebral artery from the arch is the second 
most common aortic arch variation, with an incidence around 2.4-5.8% 
and is increased by 40% in Down’s syndrome [19,21]. Other variant origins 
of the vertebral artery include the common carotid artery or its branches 
which are important to recognise prior to surgical ligation of the common 
carotid artery, which would compromise blood supply of the posterior fossa 
[22]. The vertebral artery may be duplicated or it may possess a bifid origin 
from the arch which poses a greater risk of injury [23]. These variations are 
generally asymptomatic however symptoms can arise if there is disruption of 
cerebral haemodynamics, increasing susceptibility to intracranial aneurysms 
due to pulsatile and turbulent blood flow [24]. A variant origin and longer 
extra-cranial course of the left vertebral artery may also predispose to arterial 
dissection, as reported by Komiyama et al. who found a much higher 
incidence of vertebral artery dissection in those with direct origin of the left 
vertebral artery from the arch compared to those arising from the subclavian 
artery [25].

Due to its small size, pre-operative detection of a variant left vertebral 
artery can often be missed [26]. If the diameter is <3.5 mm it is considered 
hypoplastic and is often obscured by other supra-aortic branches [27]. 
Hypoplastic vessels are at a greater risk of iatrogenic injury and subsequent 
vertebro-basilar insufficiency [20]. The average diameter of the left vertebral 
artery from the arch in this study was 3 mm. In the present study the left 
vertebral artery arose from the arch in 1 out of 18 cadavers, an incidence 
of 0.56%, in line with Ughade et al. who found this variation in 1 out of 
20 cadavers [10]. Out of the 194 CT scans, 7.73% of patients displayed the 
variant left vertebral artery arising from the arch (Figure 9). This closely 
correlates with the results from a study of 81 cadavers from a South Australian 
population, reporting an incidence of 7.41% [28]. Another cadaveric study 
of 25 Korean cadavers found the direct origin of the left vertebral artery 
in 8% of cases, and 8% of 75 Indian cadavers also exhibited this variation 
[13,29]. The highest incidence of direct origin of the left vertebral artery in 

Figure 6) CT image of normal aortic arch branching (BT-Brachiocephalic trunk, 
LCC-Left common carotid artery, LSCA-Left subclavian artery).

Figure 7) Catheter angiogram showing normal arch branching (BT- Brachiocephalic 
trunk, RSCA- Right subclavian artery, RCC- Right common carotid artery, LCC- Left 
common carotid artery, LVA- Left vertebral artery, LSCA- Left subclavian artery).

Figure 8) Bovine arch- Common origin of brachiocephalic trunk and left common 
carotid artery (BA- Bovine arch, LSCA- Left subclavian artery).
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the literature was 13.3% in a cadaveric and radiological study of Romanian 
individuals [30].

Although not observed in the present study, an aberrant right subclavian 
artery poses great importance for radiologists and surgeons with a reported 
prevalence [31,32]. The right subclavian artery usually develops from the 
right 4th aortic arch, however involution of this arch and persistence of the 
7th intersegmental artery with the right dorsal aorta results in the origin of 
the right subclavian artery from the proximal descending aorta [33,34]. As 
the vessel loops backwards in a left to right direction, it may encircle the 
trachea and oesophagus producing a vascular ring anomaly. This abnormal 
development also produces a right non-recurrent laryngeal nerve no longer 
hooking under the right subclavian artery in the usual position. Instead it 
originates directly from the cervical aspect of the vagus nerve which may 
pose problems during thyroidectomy and tracheostomy [14,34,35]. Figure 10 
displays an axial, sagittal and para-coronal view of a CT scan showing an 
aberrant right subclavian artery passing posterior to the oesophagus, which 
is the usual course in 80% of cases. It may also pass between the oesophagus 
and trachea in 15% of cases and anterior to the trachea in 5% of cases [36]. 

Its relation to these structures can cause compressive symptoms and this 
anomaly is often referred to as “dysphagia lusoria” meaning a trick of nature 
[14].

All of the above variations were present in an angiographic study of 1359 
arches, which is the largest radiological study evaluating aortic arch branching 
variations to date [16]. They reported 71% normal branching pattern, 22% 
bovine arch, 3% direct origin of the left vertebral artery and 0.5% aberrant 
right subclavian artery. The variant branching pattern and configuration of 
the aortic arch is highly significant in the advancing field of endovascular 
medicine. Atherosclerotic stenosis of the carotid arteries is common, 
and the prevalence is increasing with an ageing and obese population. 
Fortunately, successful management and subsequent stroke prevention can 
be achieved with catheterisation and stent placement, however navigation 
of the arch vessels has proved difficult in the presence of branching 
variations. Unfavourable anatomical characteristics particularly in the elderly 
population, as has been shown in the present study, render carotid artery 
stenting technically challenging. They increase the likelihood of technical 
failure and thrombo-embolic complications [8], and can be established with 
pre-interventional imaging, the gold standard being carotid angiography. 
Imaging of both carotid arteries can establish the severity of stenosis and the 
vascular morphology of the patient, enabling accurate planning and catheter 
selection [6,7,14,16]. Radiological measurements are subject to variations and 
limiting factors in this study include precision of distance measurement using 
the software tools, scan quality and calcification of vessels. CT angiography 
serves as a superior technique for evaluating aortic variations, however in this 
study these were not readily available.

CONCLUSION

Morphological information obtained from the study of the aortic arch is 
clinically relevant to interventional radiologists and vascular surgeons, 
particularly in the field of catheterisation and carotid stenting. Cadaveric 
study enables a 3D understanding of the configuration of the arch and its 
vessels that cannot be fully appreciated on clinical imaging. With advances 
in MR and CT angiography, detection of variant vessels and determination 
of arch characteristics can be made pre-operatively in patients undergoing 

Figure 9) (A, B) Left vertebral artery arising directly from the arch (BT- 
Brachiocephalic trunk, LCC- Left common carotid artery, LVA- Left vertebral artery, 
LSCA- Left subclavian artery).

Figure 10) (A, B and C) Aberrant right subclavian artery (ARSC). A Sagittal view. B Axial view- ARSC passing posterior to oesophagus from left to right.  C Para-coronal 
view  with ARSC crossing the midline. (AA- Aortic arch, ARSC- Aberrant right subclavian artery, PT- Pulmonary trunk)
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head, neck and thoracic surgery. In this radiological study of 194 patients, 
the normal anatomy was observed in 77.32%, a bovine arch in 14.43% and a 
direct origin of the left vertebral artery from the arch in 7.73% of cases. The 
direct origin of the left vertebral artery was found in 5.6% of 18 cadavers and 
considerable deviation in the origin of arch vessels from the mid-vertebral 
line was observed. These results are in keeping with existing literature. 
From the radiological analysis a statistically significant correlation was 
found between arch type and age in line with expected arch unfolding and 
elongation in elderly individuals. Complex arch anatomy is often evident in 
older individuals, leading to higher peri-operative complications of stroke, 
MI, and death following endovascular procedures such as carotid artery 
stenting. Variable aortic morphology including variant branching patterns 
and highly elongated arches contribute to the difficulty in performing 
interventional procedures in this region. The present study corroborates the 
findings of Kojima et al. revealing a significant link between ageing and the 
configuration of the aortic arch. Future studies should address correlations 
and potential causal links between variations and clinical morbidity, or vice 
versa. Pre-operative imaging with CT angiography is the gold standard in 
detecting branch variations and arch types. It enables surgical planning, 
correct instrument and catheter selection, as well as improved diagnostics 
and reduced complication rates. The present study establishes the frequency 
of variations in both cadaveric and patient populations and also confirms the 
correlation of arch typology with age.
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