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Introduction 

The growth of the aorta and its major branches are from 

six pairs of branchial arches, which, throughout the fourth 

week of pregnancy, combine the primitive ventral and dorsal 

aortas in the embryo. Between day 26 and 29, vasculogenesis 

and angiogenesis result in the development of six pairs of 

aortic arches from aortic sac. These arteries serve to link the 

emergent heart with the dorsal aorta. During the fourth and 

fifth weeks of embryological development, when the 

pharyngeal arches form, the aortic sac brings forth arteries – 

the aortic arches. [Ganesh Elumalai et. al., 2016] The aortic 

sac is the endothelial-lined dilation just distal to the truncus 

arteriosus; it is the primordial vascular canal from which the 

aortic arches arise. In humans, these six branchial arches 

become transformed into the permanent major vessels (the 

aorta and its main branches) throughout the 5th to the 7th 

week of embryologic development. The first pair form 

between day 22 and 24; both arches revert as the second arch 

forms on day 26.  The first three arches target to supply the 

cranial and cervical sections and form the internal carotid 

artery among others. The external carotid artery arises later as 

a separate vessel. The fourth aortic arch develops 

unsymmetrical. The left fourth arch forms the proximal part of 

the adult aortic arch, whereas the right one develops into the 

right subclavian artery. The last two arches, 5 and 6, do not 

appear in large arch shape. The ductus arteriosus is produced 

by a left dorsal branch from the dorsal aorta and links the 

aortic sac with the pulmonary arteries as a shunt. The left 

subclavian artery is derived from the left seventh 

intersegmental artery. The aortic valve is derived from 

conotruncal ridge tissue and forms three triangular valve 

leaflets. 

The carotid arteries are derived from the third pair of 

arches. Each pharyngeal arch has its own cranial nerve and its 

own artery; therefore we can conclude that the development of  

the aortic and pharyngeal arches are very directly connected. 

The aortic arches terminate in the right and left dorsal aorta. 

The dorsal aorta remains paired in the region of the arches, 

however below this region they fuse to form a single vessel 

(the descending/thoracic/abdominal aorta). 

The pharyngeal arches and their vessels appear in a 

cephalo-caudal order, so are not all present at the same time. 

As a new arch form, the aortic sac contributes a branch to it. 

Right-sided aortic arch is a type of aortic arch identified by the 

aortic arch coursing to the right of the trachea. There are three 

classifications of right-sided aortic arch;  

Type-I: a Right-sided aortic arch with mirror image branching. 

Type-II: a Right-sided aortic arch with the aberrant left 

subclavian artery. 

Type-III: a Right-sided aortic arch with separation of the left 

subclavian artery. 

It is a very uncommon congenital malformation which 

develops during the 4th and 5th weeks of embryogenesis. 

Incidence 

This anomaly has been reported to occur in 0.05–0.1% of the 

general population and about half of these cases are related 

with an aberrant left subclavian artery. [Du ZD, et. al., 2002] 

Ontogenesis of normal development of Arch of aorta 

In the development of the aortic arches, the aortic sac 

receives six right and left sets of Aortic or brachial arterial 

arch. These arterial arches go through selective apoptosis and 

the residual branch vessels comprise the development of 

Aortic arch and its great vessels. Any variations in this normal 

process will effect in the anatomical variance. The first and 

second sets of the right and left arterial arch I and II typically 

get revert. The third pair of right and left arterial arches forms 

the proximal part of the common carotid arteries bilaterally. 

The proximal part of the right fourth arterial arch persists as 

the right subclavian artery up  

ARTICLE INFO   

Article  history:  

Received: 12 October 2016; 

Received in revised form: 

13 November 2016; 

Accepted: 23 November 2016;

 
Keywords  

Right aortic arch 

Aortic arches 

Left fourth arch artery 

Truncus arteriosus 

Arch of aorta 

Spiral septum. 

 

 

“RIGHT SIDED AORTIC ARCH”  

EMBRYOLOGICAL BASIS AND ITS CLINICAL IMPORTANCE 
Ganesh Elumalai and Ebenezer Asare Sakyi 

Department of Embryology, College of Medicine, Texila American University, South America. 

 
ABSTRACT 

The growth of the aorta and its major branches are from six pairs of branchial arches, 

which, throughout the fourth week of pregnancy, combine the primitive ventral and 

dorsal aortas in the embryo. The right-sided aortic is identified when the aortic arch 

courses to the right of the trachea. When this happens, there is interchanging of the 

descending aorta and ascending aorta to the right and left respectively. In abnormal 

condition it can be interruption dorsal segment which may result in any of the three types 

of right-sided aortic arch.  In anomalies which are diagnosed earlier can result in the 

management of the condition. 

                                                                                                       © 2016 Elixir All rights reserved. 

 

Elixir Embryology 100 (2016) 43706-43709 

Embryology  
 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 

Tele:  +91-9989069546 

E-mail address: physiovesalius@gmail.com 

         © 2016 Elixir All rights reserved 



Ganesh Elumalai and Ebenezer Asare Sakyi / Elixir Embryology 100 (2016) 43706-43709 43707 

zto the origin of the internal thoracic artery, while the distal 

part of the right fourth arterial arch reverts. The distal part of 

the left fourth arterial arch regresses and its proximal part 

form a small section of the adult Aortic arch between the 

origin of the left common carotid artery and the left subclavian 

arteries. The right and left, fifth arterial arch either regresses 

or partly formed. The proximal part of the right and left sixth 

arterial arch forms the pulmonary arteries. The distal part of 

the right side sixth arch, becomes ductus arteriosus, while in 

the left side distal part will regress completely (Komiyana et 

al., 2001).  

The right horn of the Aortic sac forms the brachiocephalic 

trunk and the left horn of the Aortic sac usually forms the part 

of the Aortic arch prevailing between the origins of the 

brachiocephalic trunk and the left common carotid arteries. 

Generally, the anterior part of the Truncus arteriosus receives 

the third and fourth sets of right and left arterial arches. 

Eventually, it opens into the right and left horns of the Aortic 

sac. The posterior part of the Truncus arteriosus receives the 

sixth set of right and left arterial arches, and forms the right 

and left pulmonary arteries. The formation of the spiral or 

Conotruncal septum divides the Truncus arteriosus into the 

anterior ascending aorta and the posterior pulmonary trunk. 

The anterior part of the Truncus arteriosus continuous above 

as the Aortic sac, where it links with the third and fourth sets 

of right and left Aortic or branchial arch arteries. Ultimately, 

the aortic sac and its horns receive all the derivatives of third 

and fourth sets of right and left Aortic or branchial arches. 

 

 
Fig 1. The derivatives of aortic arch arteries A. schematics 

showing the Truncus arteriosus receives the third (III) and 

fourth (IV) right and left Aortic arch arteries, which opens 

into the right and left horns of the Aortic sac and B. 

Derivatives of the Aortic sac horns and third (III) and 

fourth (IV) right and left Aortic arch arteries.(BCT-

Brachiocephalic trunk, RSA- Right subclavian artery, 

RCCA- Right Common carotid artery, LCCA- Left 

Common carotid artery and LSA-Right subclavian artery) 

[3]. 

Ontogenesis of the abnormal development of Right-sided 

aortic arch. 

The embryological origin consists of an abnormal 

development of the fourth branchial arch. Normally, the aortic 

arch is formed by the left fourth aortic arch and the left dorsal 

aorta. If the right dorsal aorta persists and the distal left aorta 

disappears, then we have a right aortic arch. 

The three-vessel and trachea view is part of the routine 

exploration of the fetal heart. In the case of the right sided 

aortic arch, we don’t see the normal V shape configuration, 

because there is a gap between the ascending aorta and the 

mean pulmonary artery. The aortic arch is located to the right 

of the trachea instead of its normal left position. There are 

three classifications of right sided aortic arches 

 

Fig 2.Type I: Right-sided with aortic arch with mirror 

image branching; it grows from the interruption of dorsal 

segment of the left arch linking the left subclavian artery 

and descending aorta, with reversion of the right ductus 

arteriosus in hypothetical double aortic arch. 

 

Fig 3.Type II: Right-sided aortic arch with aberrant left 

subclavian artery; it grows from the interruption of dorsal 

segment of the left subclavian artery with reversion of the 

right ductus arteriosus in hypothetical double aortic arch. 

 
Fig 4. Type III: Right-sided aortic arch with isolation of 

the left subclavian artery; develops from the interruption 

of the left arch of second branches, with first branch 

between the left common carotid artery and left subclavian 

artery and the other branch distal to the attachment of left 

ductus. 
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Discussion 

Development of the aorta and the aortic branches 

commences between the fourth and seventh week of 

pregnancy. Six pairs of aortic segments grow and the third pair 

forms the common and internal carotid arteries. The fourth 

segment on the left continues to develop the adult aortic arch. 

The other segments disappear. Persistence of the fourth arch 

on the right results in the collection of arcus aortae dexter. 

Conversely, the corresponding segment on the left disappears. 

A maintenance of both aortic segments results in an aortic 

ring. Those aortic rings are typically diagnosed in infancy 

because of airway obstruction or complications in swallowing. 

In the common type II right-sided aortic arch the left 

subclavian artery has to cross the mediastinal structures. 

Although the underlying cause of persisting right-sided arch is 

not completely known so far, in 24% a deletion of 

chromosome 22q 11 is associated. A right sided arch does not 

automatically cause symptoms, but if the physiological 

abnormalities explained are present, the
 
diagnosis of vascular 

ring is almost certain. Three types of
 
right sided aortic arch 

can be distinguished: those with "mirror
 
image branching," in 

which a left innominate artery arises as
 
the first branch off the 

aortic arch, dividing into a left common
 
carotid and left 

subclavian artery, those with an aberrant
 
left subclavian artery, 

which arises as a fourth branch off the
 
aortic arch and those 

with isolation of the left subclavian artery.  The first type is 

often associated with cyanotic
 
heart disease, whereas the 

second one is usually associated with
 
a normal heart. An 

aberrant left subclavian artery can be
 
confirmed by barium 

swallow but is not of itself pathological
 
and may be a normal 

variant in 1% of the population. A left sided ductus arteriosus 

(or ligamentum arteriosum) completes the ring,
 
and it is this 

combination that can cause symptoms. The third type rarely 

exists; it is 0.005% of the population.
 
If the significance of 

these vascular abnormalities remains uncertain,
 
a fibreoptic 

bronchoscopy allowing direct examination of the 

airway
 
should be carried out. Surgery involves dividing the 

ligamentum arteriosum,
 
thereby splitting the constricting 

circle. Freeing up the neighboring connective tissues from the 

trachea, esophagus, and aorta further
 
improves this procedure. 

After surgery, secondary tracheomalacia
 
is almost always 

there after the prolonged period of airway compression. 

Symptoms may not be completely resolved, and 

abnormalities
 
of the flow volume loop may

 
continue. 

Delayed diagnosis of a vascular ring can end in needless 

investigations and prolonged periods of unsuccessful 

treatment.
 
Such treatment may be unsafe. Inhaled 

corticosteroids are an
 
efficient treatment for asthma but may 

have adverse consequences on
 
growth, bone density, and 

adrenal function if used incorrectly. Delayed airway 

compression may also be harmful. Identification
 
of the right 

diagnosis, with following surgery, leads to a progress in 

symptoms and withdrawal of needless 

treatment.
 
Consideration of alternative diagnoses, with careful 

examination
 
of the chest x-ray film, is essential in the 

supervision of children
 
with persistent respiratory

 
symptoms. 

[Ho VB et. al., 1998] 

Conclusion 

The growth of the aorta and its main branches are very 

important in the development of the heart. In the three types of 

right-sided aortic arch, the most common is the aberrant left 

subclavian artery is not pathological but the presence of ductus 

arteriosus completes the ring and makes it show symptoms. 

There are many variations in the development of the heart and 

it is still unclear the causes of right-sided aortic arch even 

though the deletion of chromosome 22q11 is associated with 

it. With early diagnose it can be manageable. 

References 

[1] Ad N, Vidne BA. Coarctation of the aorta with right aortic 

arch: surgical technique and new classification. Ann Thorac 

Surg. 1999;67:1125–1129. 

[2] Ajit Kumar, E.Ganesh, T.Malarvani, Manish Kr. Singh. 

Bilateral supernumerary heads of biceps brachii. Int J Anat 

Res. 2014; 2(4):650-52. 

[3] Ajit Kumar, Ganesh Elumalai, Malarvani Thangamani, 

Nirmala Palayathan, Manish Kr Singh. A Rare Variation in 

Facial Artery and Its Implications in Facial Surgery: Case 

Report. Journal of Surgery.2014; 2(5): 68-71. 

[4] American Heart Association (2013). Congenital 

cardiovascular defects http://www.heart.org/idc/groups/heart-

public/@wcm/@ sop 

/@smd/documents/downloadable/ucm_319830. 

[5] Beekman RH. Coarctation of aorta. In: Allen HD, Clark 

EB, Gutgesell HP, Driscoll DJ, editors. Moss and Adams’ 

Heart Disease in Infants, Children, and 

Adolescents. Philadelphia, Pa: Lippincott, Williams & 

Wilkins; 2001. pp. 988–1010. 

[6] Beekman RP, Hazekamp MG, Sobotka MA, et al. A new 

diagnostic approach to vascular rings and pulmonary slings: 

the role of MRI. Magn Reson Imaging. 1998;16:137–145.  

[7] Du ZD, Hijazi ZM, Kleinman CS, Silverman NH, Larntz K 

(Amplatzer Investigators) (2002). Comparison between 

transcatheter and surgical closure of secundum atrial septal 

defect in children and adults: results of a multicenter 

nonrandomized trial. Journal of the American College of 

Cardiology, 39, 1836-1844. 

[8] Elami A, Rein AJ, Preminger TJ, Milgalter E. Tetralogy of 

Fallot, absent pulmonary valve, partial anomalous pulmonary 

venous return and coarctation of the aorta. Int J 

Cardiol. 1995;52:203–206.  

[9] Fogel MA, Hubbard A, Weinberg PM. A simplified 

approach for assessment of intracardiac baffles and 

extracardiac conduits in congenital heart surgery with two- 

and three-dimensional magnetic resonance imaging. Am Heart 

J. 2001;142:1028–1036.  

[10] Ganesh Elumalai, Sushma Chodisetty. Anomalous 

“Mutilated Common Trunk” Aortic Arch Embryological Basis 

and its Clinical Significance. Texila International Journal of 

Basic Medical Science. 2016; 1(1): 1-9. 

[11] Ganesh Elumalai, Emad Abdulrahim Ezzeddin. “The 

sudden soul reaper” - hypertrophic cardiomyopathy – its 

embryological basis. Elixir Embryology. 2016; 99: 43284-

43288. 

[12] Ganesh Elumalai, Muziwandile Bayede Mdletshe. 

“Arteria lusoria”- aberrant right subclavian artery 

embryological basis and its clinical significance. Elixir 

Embryology. 2016; 99: 43289-43292. 

[13] Ganesh Elumalai, Sushma Chodisetty, Pavan Kumar 

D.2016. Ganesh Elumalai et al Classification of Type - I and 

Type - II “Branching Patterns of the Left Arch Aorta”. 

Imperial Journal of Interdisciplinary Research. 2(9): 161-181. 

[14] Ganesh E, Sushma C. The deer horn aortic arches” 

embryological basis and surgical implications. Anatomy 

Journal of Africa.2016; 5(2): 746 – 759.  

[15] Ganesh Elumalai, Sushma Chodisetty. Teratological 

Effects of High Dose Progesterone on Neural Tube 

Development in Chick Embryos. Elixir Gynaecology. 2016; 

97: 42085-42089.  



Ganesh Elumalai and Ebenezer Asare Sakyi / Elixir Embryology 100 (2016) 43706-43709 43709 

[16] Ganesh Elumalai, Sushma Chodisetty. “The True Silent 

Killers” - Bovine and Truncus Bicaroticus Aortic Arches its 

Embryological Basis and Surgical Implications. Elixir Physio. 

& Anatomy. 2016; 97: 42246-42252. 

[17] Ganesh Elumalai, Sushma Chodisetty, Bridget Omo Usen 

and Rozminabanu Daud Patel.  “Patent Ductus Caroticus” - 

Embryological Basis and its Clinical significance. Elixir 

Physio. & Anatomy. 2016; 98: 42439-42442. 

[18] Ganesh Elumalai, Sushma Chodisetty, Eliza Arineta 

Oudith and Rozminabanu Daud Patel.  Common anomalies 

origin of left vertebral artery and its embryological basis. 

Elixir Embryology. 2016; 99: 43225-43229. 

[19] Ganesh Elumalai, Sushma Chodisetty, Sanjoy Sanyal. 

Common Nasal Anomalies and Its Implications on Intubation 

in Head and Neck Surgeries. Journal of Surgery. 2016; 4 (4): 

81-84. 

[20] Ganesh Elumalai, Malarvani Thangamani, Sanjoy Sanyal, 

Palani Kanagarajan. Deficient sacral hiatus cause mechanical 

low back pain: a radiological study. Int J Anat Res. 2016; 

4(1):1758-64. 

[21] Gil-Jaurena JM, Murtra M, Goncalves A, Miro L. Aortic 

coarctation, vascular ring, and right aortic arch with aberrant 

subclavian artery. Ann Thorac Surg. 2002;73:1640–1642.  

[22] Grossman LM, Jacoby WJ., Jr Right aortic arch and 

coarctation of the aorta. Dis Chest. 1969;56:158– 160. 

[23] Gunthard J, Murdison KA, Wagner HR, Norwood WI., Jr 

Tetralogy of Fallot and coarctation of the aorta: a rare 

combination and its clinical implications. Pediatric 

Cardiol. 1992;13:37–40.  

[24] Ho VB, Prince MR. Thoracic MR aortography: imaging 

techniques and strategies. Radiographics.1998;18:287–309.  

[25] Umegaki T, Sumi C, Nishi K, Ikeda S, Shingu K. Airway 

management in an infant with double aortic arch. J Anesth. 

2010 Feb. 24(1):117-20.  

[26] Noguchi K, Hori D, Nomura Y, Tanaka H. Double aortic 

arch in an adult. Interact Cardiovasc Thorac Surg. 2012 Feb 

28.  

[27] Tuo G, Volpe P, Bava GL, et al. Prenatal diagnosis and 

outcome of isolated vascular rings. Am J Cardiol. 2009 Feb 1. 

103(3):416-9.  

[28] McElhinney DB, Clark BJ 3rd, Weinberg PM, Kenton 

ML, McDonald-McGinn D, Driscoll DA, et al. Association of 

chromosome 22q11 deletion with isolated anomalies of aortic 

arch laterality and branching. J Am Coll Cardiol. 2001 Jun 15. 

37(8):2114-9.  

[29] Moral S, Zuccarino F, Loma-Osorio P. Double aortic 

arch: an unreported anomaly with Kabuki syndrome.Pediatr 

Cardiol. 2009 Jan. 30(1):82-4.  

[30] Seo HS, Park YH, Lee JH, Hur SC, Ko YJ, Park SY, et al. 

A case of balanced type double aortic arch diagnosed 

incidentally by transthoracic echocardiography in an 

asymptomatic adult patient. J Cardiovasc Ultrasound. 2011 

Sep. 19(3):163-6.  

[31] Chen X, Qu Y, Peng ZY, et al. Clinical value of multi-

slice spiral computed tomography angiography and three-

dimensional reconstruction in the diagnosis of double aortic 

arch. Exp Ther Med. 2014 Aug. 8(2):623-627.  

[32] Ruzmetov M, Vijay P, Rodefeld MD, Turrentine MW, 

Brown JW. Follow-up of surgical correction of aortic arch 

anomalies causing tracheoesophageal compression: a 38-year 

single institution experience. J Pediatr Surg. 2009 Jul. 

44(7):1328-32.  

[33] Fraga JC, Calkoen EE, Gabra HO, McLaren CA, 

Roebuck DJ, Elliott MJ. Aortopexy for persistent tracheal 

obstruction after double aortic arch repair. J Pediatr Surg. 

2009 Jul. 44(7):1454-7.  

[34] Achiron R, Rotstein Z, Heggesh J, et al. Anomalies of the 

fetal aortic arch: a novel sonographic approach to in-utero 

diagnosis. Ultrasound Obstet Gynecol. 2002 Dec. 20(6):553-

7.  

[35] Anand R, Dooley KJ, Williams WH, Vincent RN. 

Follow-up of surgical correction of vascular anomalies 

causing tracheobronchial compression. Pediatr Cardiol. 1994 

Mar-Apr. 15(2):58-61.  

[36] Angelini A, Dimopoulos K, Frescura C, et al. Fatal 

aortoesophageal fistula in two cases of tight vascular 

ring.Cardiol Young. 2002 Mar. 12(2):172-6.  

[37] Arciniegas E, Hakimi M, Hertzler JH, et al. Surgical 

management of congenital vascular rings. J Thorac Cardiovasc 

Surg. 1979 May. 77(5):721-7.  

[38] Backer CL, Ilbawi MN, Idriss FS, DeLeon SY. Vascular 

anomalies causing tracheoesophageal compression. Review of 

experience in children. J Thorac Cardiovasc Surg. 1989 May. 

97(5):725-31.  

[39] Backer CL, Mavroudis C, Rigsby CK, Holinger LD. 

Trends in vascular ring surgery. J Thorac Cardiovasc Surg. 

2005 Jun. 129(6):1339-47.  

[40] Bertrand JM, Chartrand C, Lamarre A, Lapierre JG. 

Vascular ring: clinical and physiological assessment of 

pulmonary function following surgical correction. Pediatr 

Pulmonol. 1986 Nov-Dec. 2(6):378-83.  

[41] Bonnard A, Auber F, Fourcade L, et al. Vascular ring 

abnormalities: a retrospective study of 62 cases. J Pediatr 

Surg. 2003 Apr. 38(4):539-43.  


