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Abstract

Objectives: The aim of this study is to determine the prevalence of thyroidea ima artery 
(TIA) and branching pattern variations of aortic arch among 2000 patients who underwent 
CECT imaging.

Materials and methods: This retrospective cross-sectional observational study included 
2000 patients who underwent CECT of aortic arch and branches during a two years period in 
a tertiary care centre in South India. The presence of thyroidea ima artery with its origin were 
identified and the branching patterns of aortic arch were assessed.

Results: TIA was identified in 23 patients, showing a prevalence of 1.15%. The normal 
branching pattern of aortic arch was observed in 1493 patients, and variations in branching 
pattern were seen in 507 patients. The variations included 342 cases of bovine type arch, 162 
left vertebral arteries originating from arch, 16 aberrant right subclavian artery, 10 right sided 
aortic arch, and 1 double aortic arch.

Conclusion: The identification of TIA and variations in aortic arch branching are crucial, 
as they can cause complications during neck and thoracic surgeries and endovascular 
interventions. CECT is a reliable tool to assess the vascular anatomy. Considering the prevalence 
demonstrated in our study, imaging should be included prior to procedures in order to prevent 
complications. 

Keywords: Thyroideaima artery; Right aortic arch; Double Aortic arch; Bovine type arch.

INTRODUCTION

The thyroidea ima artery (TIA) is an uncommon 
variant artery supplying the inferior aspect of 

the thyroid gland, seen ascending on the anterior 
surface� of� the� trachea.� It� was� �rst� described� by�
Neubauer (1772), and has been shown to have a 
prevalence ranging from 1% to 15% across studies.1

TIA can vary in its origin, arising from the arch of 
aorta (AA), brachiocephalic trunk (BCT), common 
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carotid artery (CCA), subclavian artery (SCA), 
vertebral artery (VA) or internal thoracic artery.2 
It is often associated with absent inferior thyroid 
arteries. Because of its critical anatomic position in 
the superior mediastinum or lower neck, knowledge 
of the existence of the TIA is of vital importance 
to avoid accidental hemorrhage during neck and 
thorax surgeries, including thyroidectomy and 
tracheostomy.

Apart from thyroidea ima artery, the arch of 
aorta can have various anatomical variations in its 
branching pattern, that includes the variation in the 
number of branches and in the origins of different 
branches from the arch.

In foetal life, the aortic development takes place 
during the 3rd week of gestation.3 It is a complex 
process, alteration of which can lead to a variety of 
congenital variants and pathologic anomalies. Each 
primitive aorta consists of a ventral and a dorsal 
segment. The two ventral aortae fuse to form the 
aortic sac, and the two dorsal aortae fuse to form 
the descending aorta, and the left 4th arch vessel 
becomes the aortic arch.
In� the� classical� anatomical� con�guration,� the�

aortic arch is left sided and the most common 
branching pattern of the AA comprises of three 
great vessels; from right to left the brachiocephalic 
trunk which further branches into right subclavian 
artery and right common carotid artery, the left 
common carotid artery, and the left subclavian 
artery. This branching pattern occurs in 64.9–94.3% 
of the cases and it is described as “normal”.4-6 The 
variations from the normal anatomy of AA occur 
due to persistence of segments of the aortic arches 
that normally regress or disappearance of segments 
that normally remain, or both.

Many of the aortic arch variations are associated 
with cardiovascular anomalies or gastroesophageal 
symptoms (rings and slings) and thus tend to be 
discovered early in life.7,8 Many others however are 
either isolated or asymptomatic. These can be found 
incidentally� on� plain� �lm� imaging� or� on� cross-
sectional studies.9,10 An unsuspected arch anomaly 
may� �rst� come� to� light� during� an� endovascular�
procedure also. Hence, the knowledge of the 
branching pattern variations of aortic arch is 
signi�cant� for� various� diagnostic,� surgical,� and�
interventional procedures of the thorax and neck.

Though there are studies available on the 
prevalence of thyroidea ima artery and on the 
variations of aortic arch and its branching pattern 
in cadavers, only a few studies are available among 
living patient population that are based on CT and 
from the Indian subcontinent. The purpose of this 

study is to determine the prevalence of thyroid ima 
artery (TIA) and the branching pattern variations 
of aortic arch among 2000 patients who underwent 
contrast enhanced CT imaging. To the best of the 
authors’ knowledge, this is the largest contrast 
CT based study till date regarding the prevalence 
of thyroidea ima artery, and one of the largest 
contrast CT based studies regarding the prevalence 
of variant branching anatomy of aortic arch, in a 
living patient population.

MATERIALS AND METHODS

This was a retrospective observational study 
conducted in a tertiary care centre in South India. 
The study included 2000 patients who underwent 
contrast enhanced CT of aortic arch and branches, 
which included CT pulmonary angiogram, CT 
aortogram, CECT thorax, CECT neck and CT 
cerebral angiography, for various indications 
during the period of January 2020 to January 2022. 
All consecutive patients were included irrespective 
of the indications. The data was accessed through 
the hospital health information system (HIS) and 
picture archiving and communication system 
(PACS).

Imaging analysis
CT scans were performed using a multidetector 
dual energy CT scanner (Somatom Force, Siemens 
Healthineers, Erlangen, Germany). Images from 
PACS were transferred to the workstation (Syngo.
via, Siemens), and source axial, multiplanar 
reconstructed images and post processed 
(maximum intensity projection and 3D volume 
rendered) images were evaluated. The image 
analysis was performed by a senior radiologist with 
15 years of experience in cross sectional imaging 
and angiography.

The origin of thyroidea ima artery, and the 
number�of�branches�of�aortic�arch�were� identi�ed�
and the branching patterns were analyzed. The 
scans� in� which� clear� identi�cation� of� the� arch�
anatomy was not possible due to poor image 
quality (eg. motion artefacts), or cases with prior 
arch reconstructive surgery were excluded from 
the study.

Statistical analysis
Anatomical�variants�were�identi�ed�and�expressed�
in terms of the prevalence of each variant. Chi-
square test for trend analysis was performed for 
gender�with�a�95%�con�dence� interval.�A�p-value�
of� less� than� 0.05�was� considered� signi�cant.�Data�
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analysis was carried out using commercially 
available software (Statistical package for social 
sciences, SPSS Inc., Chicago, Illinois, US).

RESULTS

The study included 2000 patients who underwent 
CECT covering aortic arch during the study period, 
which included 65.2% (n= 1304) males and 34.8% 
(n= 696) females. Age of the subjects ranged from 
1 to 98 years, with mean age of 53.7 years. Normal 
vascular anatomy with normal branching pattern 
of aortic arch was observed in 74.6% (n= 1493) 
patients.
The� thyroidea� ima� artery� was� identi�ed� in�

only 23 patients, thus showing a prevalence of 
1.15%. Among the 23 patients, 11 cases (47.8%) 

showed origin of thyroidea ima artery from the 
brachiocephalic trunk, 5 (21.7%) from the right 
subclavian artery, 2 (8.7%) from the right common 
carotid artery, 2 (8.7%) from the right vertebral 
artery, 2 (8.7%) from the left common carotid artery 
and 1 (4.4%) from the aortic arch. 

Five types of variations of aortic arch branching 
patten were observed in the study. The variations 
were� identi�ed� in� 507� patients,� making� the�
prevalence of variations 25.3%. (Fig. 1) Among 
them, 24 patients showed two variations each, thus 
accounting to a total of 531 instances of variations. 
Out of the total variations observed, 65.9% (n= 
334) cases involved males and 34.1% (n= 173) were 
females. (Table 1) Chi-square test for trend analysis 
for correlation of variation with gender was not 
signi�cant�(p=0.710).

Fig. 1: Distribution of branching pattern of aortic arch

Aortic arch branching pattern Total population Males Females

Normal 1493 970 523

Variant anatomy 507 334 173

Table 1: Gender distribution of branching pattern of aortic arch

The� �ve� types� of� variations� of� aortic� arch�
branching included 342 cases (17.1%) of bovine 
arch (217 males, 125 females), 162 cases (8.1%) of 
the origin of left vertebral artery from arch (119 
males, 43 females), 16 cases (0.8%) of aberrant right 

subclavian artery (10 males, 6 females), 10 cases 
(0.5%) of right sided aortic arch (6 males, 4 females), 
and 1 case (0.05%) of double aortic arch (1 female) 
(Fig. 2).
The variations are summarised in Table 2.
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Fig. 2: Distribution of types of variant branching pattern of aortic arch

Aortic arch branching 
pattern variations

Number of variants 
(n)

Prevalence in total 
population (%)

Prevalence in variant 
population (%)

Males Females

Bovine arch 342 17.1% 67.4% 217 125

Vertebral artery from arch 162 8.1% 31.9% 119 43

Aberrant right subclavian 
artery

16 0.8% 3.1% 10 6

Right sided aortic arch 10 0.5% 1.9% 6 4

Double aortic arch 1 0.05% 0.2% 0 1

Table 2: Distribution of types of variant branching pattern of aortic arch

DISCUSSION

This was a retrospective observational study 
conducted at a tertiary care centre in South India 
over a period of two years. To the best of the 
authors’ knowledge, this is the largest contrast 
CT based study till date regarding the prevalence 
of thyroidea ima artery, and one of the largest 
contrast CT based studies regarding the prevalence 
of variant branching anatomy of aortic arch, in a 
living patient population.

The prevalence of thyroidea ima artery in our 
study was 1.15%, which corresponds to the range 
of prevalence as described across studies, ranging 
from 1% to 15%.1

Thyroidea ima artery

TIA�was��rst�described�by�Neubauer�(1772),�and�it�

has been described using several synonyms such 
as thyroid ima artery, arteria thyroidea ima, artery 
of Neubauer, and the lowest thyroid artery. TIA 
can have a variable origin, from the arch of aorta, 
brachiocephalic trunk, common carotid artery, 
subclavian artery, vertebral artery or internal 
thoracic artery.1

A total of 23 cases of thyroid ima artery (Fig. 3) 
were observed in this study, which included 13 
males and 10 females. Out of the 23 cases, 11 were 
seen originating from the BCT, 5 from the right 
SCA, 2 from right CCA, 2 from right VA, 2 from left 
CCA,�and�1�from�the�AA.�(Table�3)�These��ndings�
indicated the origin of the TIA was from the right 
sided arteries in 86.9%, left sided arteries in 8.7%, 
and from the AA in 4.4% patients.
These��ndings�were�similar�to�the�inferences�of�

Esen and colleagues11, from a CT angiography study 

Gopinath Periaswamy, Navya Christopher, Venkatesh Kasi Arunachalam, et al./Prevalence of Thyroidea Ima 
Artery & Variations in Aortic Arch Branches in South Asian Population: A Retrospective CT Based Study



13

Indian Journal of Anatomy / Volume 12, Number 1 / January – March 2023

Gopinath Periaswamy, Navya Christopher, Venkatesh Kasi Arunachalam, et al./Prevalence of Thyroidea Ima 
Artery & Variations in Aortic Arch Branches in South Asian Population: A Retrospective CT-Based Study

Fig. 3: Coronal CT neck contrast image (1a) showing thyroideaima artery arising from the brachiocephalic 
trunk.

Site of origin of thyroideaima artery n Prevalence (%)

Brachiocephalic trunk 11 47.8%

Right subclavian artery 5 21.7%

Right CCA 2 8.7%

Right vertebral artery 2 8.7%

Left CCA 2 8.7%

Aortic arch 1 4.4%

Table 3: Sites of origin of thyroideaima artery

conducted in 640 patients, who found 15 patients to 
have TIA (2.3% of cases), of which most originated 
from the BCT. In another study of dissection on 
94 cadavers, Chin et al.12 also found only one case 
to have a thyroid ima artery present, suggesting a 
prevalence of 1.06%.

Yurasakpong et al.1 in their meta-analysis found 
a decreasing prevalence of TIA in adults than in 
fetuses, with roughly four times more prevalence 
in fetuses, suggesting a possible regression of 
TIA during postnatal period. They hypothesized 
that the TIA could be a normal structure during 
development, and its persistence beyond the fetal 
stage would result in TIA becoming an anatomical 
variant.

TIA is small in size, ranging from 3–5 mm in 
diameter, and it ascends in front of the trachea 
reaching the inferior part of the thyroid gland. In 
addition to supplying the thyroid gland, it can also 
perfuse the trachea and the parathyroid glands. Due 
to its small size and because of its rare presence, TIA 
can pose a risk of accidental hemorrhage during 
surgical operations including tracheostomy. Hence, 
surgeons should be aware of the presence of TIA 
when performing surgical airway management.13, 14

AORTIC ARCH VARIATIONS:

The normal three branch pattern of aortic arch is 
found with an incidence of 64.9–94.3% as per the 
literature.4–6 In the present study, the normal three 
branch pattern of aortic arch was observed in 74.6% 
of the cases; and in 25.3% cases, variations from 
usual branching pattern were noted.

Variations in the branching pattern of aortic arch:

Bovine arch:
The most common variant branching pattern of 
arch is referred to as bovine type arch (Fig. 4), 
which occurs when the left CCA has a common 
origin with, or, less commonly, arises directly 
from the brachiocephalic trunk.15 However, it is a 
misnomer as it does not resemble the aortic arch 
pattern seen in cattle, which has only a single trunk 
from aortic arch that further divides into right 
subclavian artery, a common trunk for common 
carotid arteries and left subclavian artery.16

The prevalence of bovine arch in this study was 
17.1%. This corresponds to the range of prevalence 
as described by Baadh et al. ranging from 8% to 

Axial CT contrast images (1b, 1c) showing thyroideaima artery arising from the right 
common carotid artery.
TIA: Thyroidea Ima Artery, BCT: Brachiocephalic Trunk, RCCA: Right Common Carotid 
Artery
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Fig. 4: Axial CT chest contrast and VRT images showing bovine-type arch.

BA: Bovine type arch, BCT: Brachiocephalic Trunk, RSCA: Right Subclavian Artery, RCCA: Right Common 
Carotid Artery, LCCA: Left Common Carotid Artery, LSCA: Left Subclavian Artery

25% in different ethnic groups.17

The exact embryological events underlying the 
development of this variant remain incompletely 
understood. Normally, the proximal part of left 
third aortic arch gets absorbed into the left horn of 
aortic sac. Instead, if it gets absorbed into the right 
horn of aortic sac, it shows a branching variation of 
bovine type.18

The bovine arch could be associated with 
technical failure and neurological complications in 
carotid stenting procedures. And in case of blunt 
chest trauma, bovine arch is found to show an 
increased likelihood of transection of BCT at its 
take-off from the aorta.19

Left vertebral artery from arch:

Another relatively common variant of aortic arch is 
the origin of the left vertebral artery directly from 
the aortic arch (Fig. 5), with a reported prevalence 
between 2.4 and 8%.20 Our study also shows a 
similar prevalence of 8.1%. The most common 
location of origin of vertebral artery from arch is 
between the left CCA and left SCA. Occasionally, 
the left vertebral artery is also seen as the last 
branch of AA.

Embryologically, the origin of the vertebral artery 
from arch is explained to be due to the persistence of 
development of sixth cervical intersegmental artery 
and failure of dorsal aortic segment to disappear.21

Gopinath Periaswamy, Navya Christopher, Venkatesh Kasi Arunachalam, et al./Prevalence of Thyroidea Ima 
Artery & Variations in Aortic Arch Branches in South Asian Population: A Retrospective CT Based Study
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Fig. 5: Axial CT chest contrast and VRT images showing the origin of left vertebral artery from aortic arch.

BCT: Brachiocephalic Trunk, LCCA: Left Common Carotid Artery, LVA: Left Vertebral Artery, LSCA: Left 
Subclavian Artery

The variations in the origin of the vertebral artery 
may lead to altered hemodynamics, predisposing 
to formation of intracranial aneurysms.22 Hence, a 
thorough search for coexisting aneurysms should 
be done in patients with these anomalies.

Aberrant right subclavian artery:
The right subclavian artery may have an aberrant 

origin as the last branch of AA seen distal to the 
left subclavian artery (Fig. 6), with a prevalence of 
0.5%–2% as found in the study by Türkvatan et al.23 
In our study also, a prevalence of 0.8% was noted. 

Aberrant right subclavian artery (ARSA) is 
formed by the distal portion of the right dorsal 
aorta (rather than right fourth arch) and right 
seventh intersegmental artery. As its stem derives 

Fig. 6: Axial CT chest contrast images showing aberrant right subclavian artery.
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ARSA: Aberrant Right Subclavian Artery, 
LCCA: Left Common Carotid Artery, LSCA: Left 
Subclavian Artery

from the right dorsal aorta, ARSA has to cross the 
midline in order to reach the right arm. Thus, it 
takes a retro-tracheal or retro-oesophageal course, 
or very rarely, passes anterior to the trachea.24

ARSA is usually asymptomatic, but can cause 
extrinsic compression of esophagus in about 10% 
of adults, termed as dysphagia lusoria. It has also 
been reported to show an association with trisomy 
21.25

Variations In The Sidedness of Aortic Arch

Right sided aortic arch
Right-sided aortic arch is a type of AA variant, 

characterised by AA coursing to the right of trachea, 
observed in about 0.1% of the adult population.25 
Right AA results when there is disappearance 
of left fourth arch which normally persists, and 
persistence of right arch which usually disappears. 
Right AA with an aberrant left subclavian artery 
(ALSA) is the more common type (Fig. 7), which is 
rarely associated with congenital heart disease; and 
right AA with mirror image type branching (Fig. 8) 
is almost always associated with congenital heart 
disease, especially the cyanotic type.26 

In the current study, a total of 10 cases of right 
sided AA were observed, thus showing a prevalence 
of 0.5%, of which 4 cases showed right AA with 
ALSA, 5 cases showed right AA with mirror 
image type branching; and 1 case showed absent 
brachiocephalic trunk with left CCA and SCA 
reformed through prominent intercostal collaterals. 

Fig. 7: Axial CT chest contrast and VRT images showing right sided aortic arch with aberrant left subclavian 
artery.

RAA: Right-sided Aortic Arch, RSCA: Right Subclavian Artery, RCCA: Right Common Carotid Artery, 
LCCA: Left Common Carotid Artery, ALSA: Aberrant Left Subclavian Artery

Gopinath Periaswamy, Navya Christopher, Venkatesh Kasi Arunachalam, et al./Prevalence of Thyroidea Ima 
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Multiple congenital cardiac anomalies like VSD, 
ASD, dTGA, pulmonary atresia/narrowing were 
associated in the cases with right AA with mirror 
image branching in this study.

RAA with ALSA is the commonest arch anomaly 
giving rise to Kommerell’s diverticulum, that 
can present with respiratory symptoms owing 
to tracheal compression.27 In the present study, 
Kommerell’s diverticulum was observed in two 
cases.

Double aortic arch
The double aortic arch is a rare type of aortic 

Fig. 8: Axial CT chest contrast and VRT images showing right sided aortic arch with mirror image type 
branching. Incidental medullary hematopoiesis is also noted at the sternum, vertebra and ribs.

RAA: Right-sided Aortic Arch, RSCA: Right Subclavian Artery, RCCA: Right Common Carotid Artery, 
LBCT: Left Brachiocephalic Trunk

arch anomaly (Fig. 9). Though its true prevalence 
is unknown, a study by Guo Q et al. showed a 
prevalence of about 0.005% to 0.007% in fetuses.28 
Double AA is caused by persistence of the fetal 
double aortic system, where two aortic arches 
form a vascular ring that can compress the trachea 
or oesophagus.29 Most commonly, one arch is 
dominant. The right dominant arch is seen in 
approximately 70–80%, codominant arch in 5%, 
and left dominant arch in 25%.30 

In the current study, one case of double AA was 
observed, hence with a prevalence of 0.05%. This 
case showed a dominant right arch and atretic left 

Fig. 9: CT chest contrast and VRT images showing double aortic arch with RSCA, RCCA and RVA 
arising from the right arch continuing as descending aorta, and LCCA arising from the left arch. Note 
is also made of ASD (Atrial septal defect).
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DAA: Double Aortic Arch, RSCA: Right Subclavian 
Artery, RCCA: Right Common Carotid Artery, 
RVA: Right Vertebral Artery, LCCA: Left Common 
Carotid Artery

arch. Right SCA, right CCA and right vertebral 
artery were seen arising from the right arch which 
continued as descending aorta, left CCA and left 
vertebral artery from the left arch, and left SCA 
arising from the proximal descending thoracic 
aorta. Other congenital anomalies like ostium 
secondum ASD, subaortic VSD, and left sided SVC 
were also observed in this case besides the double 
AA.

CONCLUSION

The thyroidea ima artery is rare in occurrence, with 
a variable origin and course, which contribute to 
the� dif�culty� in� its� identi�cation.� Results� of� this�
study� con�rm� reports� in� present� literature� on�
the prevalence of the thyroidea ima artery in the 
general population. Since TIA can be a cause for 
uncontrollable bleeding and complications during 
neck and thorax surgeries and endovascular 
interventions,� its� identi�cation� is� essential� to�
avoid them. The authors would like to suggest 
the use of screening imaging of the neck before 
tracheostomy or neck surgeries. Though our study 
was retrospective CECT based, we also recommend 
USG� screening� for� identi�cation�of� thyroidea� ima�
artery as an arterial branch in the pretracheal region 
supplying the thyroid gland, so that accidental 
injury and uncontrollable hemorrhage could be 
avoided by proper planning.

The variations in the aortic arch branching are 
not uncommon, and many of them can be observed 
as�incidental��nding�in�routine�diagnostic�imaging,�
with contrast enhanced CT being a reliable tool to 
assess the vascular anatomy. The familiarity with 
the imaging appearance of aortic arch variants is 
essential, and given the prevalence demonstrated 
in our study, imaging should be included prior to 
procedures in order to prevent complications.

LIMITATIONS

The study was retrospective and cross-sectional; 
therefore,�a�complete�clinical�pro�le�of�the�patients�
could not be obtained, and longitudinal studies 
may�be�warranted�to�address�this�de�ciency.�Since�
only the patients who underwent arch of aorta 
imaging were included in the study, it could have 
led to a selection bias.
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