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INTRODUCTION 

PROGRE. SIVELY increasing activity 
in th fields of cardiac and vascular 

urgery ha erved to revive interest in 
the developmental and adult anatomy of 
the aortic arches and the great vessel 
derived therefrom. Special inter~st, nat~r­
ally, centers around the relatiOn wl~ICh 
anomalous arch, or arches, may beal to 
viscera in the neck and the thorax. . 

In the course of examination of specI­
mens in the laboratory of gros.s ~natom):' , 
it became abundantly and strrkingly eVI­
dent that the "standard" type of bra~ch­
ing from the aortic arch not only obtamed 
in the preponderant number of case (ap­
proximately in 2 of 3), ~ut, also, .w~en 
placed with a rathey ordmary v~natiOn 
thereof gave a combmed total which .rep­
resented over 90 per cent of cases m a 
large series (1000 specimen ). " 

In comparrson with the profoun~ vall­
ations presented fo rty years ago m the 
classical paper by Dr. POY~lter, the de­
parture from the anatomIC norm ~n­
counter d in the present ~uthors' serre 
seem relatively undramatl?, o.f course, 
in drawing from an extens~ve lIterature, 
Dr. Poynter is enabled ~o gl.ve the reader 
an impo ing bib,liograPJ:ic history of such 
arterial anomalIes, to mclude references 
to Vesaliu " Fabrica ( 15-!3 ~, the report by 
Cas erius (1609), EustachlUs (1714) , th~t 
of Sandifort (1772), that of Valentm 
(1791)- toget~er with numerous reports 

'Contribution frolll the D epllrtment of Anatomy anld 
th D partment of Surgery (No. 628 from the former. 

in the nineteenth century, to make a total 
of almost 1100 references. 

As a third pha e of the present study, 
consideration was given to variations of 
surgical significance; here the number was 
further reduced. 

Of the 24 types pictured by Dr. Poyn­
ter (figs. 26 to 29 of his Plate V an~ Plate 
VI) 7 were identical with those m the 
pre~en t authors' seri~s and are .lik~ those 
variations recorded 111 the pediatrrc sur­
gical literature.~ 

MATERIAL AND METHODS 

As has been recorded hereinbefore, the 
material upon which this report is based, 
comes f/om three sources: original obser­
vations on 1000 adult cadavers in a lab­
oratory of gross anatomy (at Northwest­
ern University Medical School); collected 
records (by C. W, M. Pounter) from the 
imposing literature on "arterial anom­
alies pertaining to the aortic arches and 
the branches arising from them"; clin­
ically important variations (as summar­
ized by Dr. J. E. Edwards); of the type 
which are a'sociated with compression of 
the trachea or oesophagus. Variation 
associated with either t ransposition of the 
great vessels or coarctation of the adult 
and infant ile types are not included, 

In order to provide graphic basis for 
making convenient comparisons among 
examples in the t hree categories, illustra­
t ions in the articles by Dr. Poynter and 
Dr. Edwards have been redrawn (figs, 3 
and 4) to accompany the pictorial record 

R:ceiv~d for publication March 21. 1957.. .. 
The study of the specimens illustrat.ed In F ,guBre Jl 'It is recognized that the physiologically deforming vari-
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prepared from the laboratory specimens agus ('ee al 'o Figure 2). In re 'p et to thl' 
(figs. 1 and 2). origin of the other branchc ,th type" 

differ. 
OBSERVA'flO:-l"S AND DlsCUSSIOK 

Authors' Cases (fig s. 1 and 2). 

In the 1000 specimens on ly t\\·o types 
of variation am a tTesting, namely, that 
ill \\'hich the righ t subclavian artery i the 
last branch of the aortic arch (fig. 1, VI 
to VIII) and (of entirely different embry­
ological origin) in \\'hich all regular 
branches arise from paired innominate 
arteries (fig . 1, IX) or from a common 
tern (fig. 1, XIII). 

These two "anomalies," and a ll of the 
other variations encountered, will now be 
described. 
Type I- The arrangement regarded as 
"normal" for man is actually encoun tered 
more frequently than a ll other types com­
bined. In . pecimens of this variety, three 
branches leave the arch, in the following 
succession from the specimen's right to 
left: innominate (with right common 
carotid and right subclav ian derivatives); 
left common carotid ; left subclav ian. 

Type n.- An a rr a ng e m e n t distin­
guished by reduction in the number of 
stems to t\\·o, both common carotid 
arteries a ri sing from the innominate. 

Type III- Here the distinguishing fea­
ture is increa e, not reduction , in the num­
ber of derived branches. The left verte­
bral artery (usually arising from the 
subclavian) is the additional vessel. 

Type IV- Differing from the precedinO" 
variety, the feature is replacement, the 
left vertebral artery (not the left common 
carotid, as in Type I ) being the second 
stem in right-to-Ieft succession. Both 
common carotid arteries ari 'e from a 
common stem, as they do in examples of 
Type II . 

Type V- In this departure from the 
anatomic norm, the left vertebral artery 
arises from the innominate, and the order 
of the left common carotid and left sub­
clavian arteries is reversed. 

Types . VI to VIII- Three patterns 
similar in respect to the position of ori­
gin of the right subclavian artery; the 
latter vessel arise as the last branch of 
the aortic arch, reaching the right upper 
extremity by passing dorsal to the oesoph-

Type I X- A bi-innominat seque'll 'C , 

in \\"hich paired ve 'el' (ill turn having 
matching main branches)are the only de'­
rivative of the aorti· arch. 

Types X and XI- In both of the"c 
varietie' the left vertebral artery ari 'c ' 
from an aortic tl'Unk from whi('h the left 
subclavian is also deri\'ed. However, in 
Type X a regular innominate artery i · 
pre ent (a in Type I ), wherea - in Type 
XI the " innominate" (with rc ular 
branches) ari e' from an aorti· trunk 
shared with the left common carotid. 

Type X II- Here, a in Type III an 
extra ve el ari es from the arch between 
the innominate and the left -ubcla\'ian; 
however, the added derivativ in the 
thyreoidea, ima, not the t;ertebrali . 

Type XIII- Unification i' the di.-tin­
gui -hing feature of thi departure from 
the typical sch ' me of branching; the u ual 
branches (-ee Type I ) take origin from 
the aortic arch through a -ingle trunk a ' 
an intermediary ve - el. 

Type X IV- A very infrequent variety 
\\'ith a ll branches derived from a common 
stem (a in Type XIII) with the excep­
tion of the left vertebral, which ari -e ­
from the arch to the right of the common 
tern. 

Type XV- In thi rare variety, in which 
the arch pa"e in a rever - d direction 
from heart to thoracic aorta, the branchc 
main tain a normal ucce ion in relation 
to the body it elf ; however, their po -i tion 
on the aort ic arch it elf i -a - a mirror­
image of the "·tandard" 'cheme of d -
ri\'ation ( ee Type I ) . 

Collectecl Examples (fig. 3) . 
In Poynter's monographic collection of 

irregular patterns of branching of the 
aortic arch, many chemae of derivation 
are presented which were not encountered 
in the pre 'ent author' erie from 1000 
cadavers. 

Dr. Poynter's pecimen will b 1'­

viewed, then di cu ed in c mpari 'on to 
the types already pictured (fig. 1, I to 
XV). 

Spec. a- Tl'Ue double aortic arch with 
three major trunks ari ing from each side 
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Fig. I. I'ariation in branching oj the aortic arch encoulltered in 1000 adult cadavers. 

of the arch (subclavian, internal carotid, 
and external carotid). The aorta de­
scenden,' a rises at the confluence of the 
two arches. 

Spec. b- All example of division of the 
aortic arch, the two segments enveloping 
the traehea. The anterior division gives 
origin to the left common carotid and the 
left ('ubclavia ll arteries and to a patent 
cluetus arteriosus.3 

Spec. c- A right ao rtie arch from whieh 
the left eommon carotid artery arises as 

' In the study of 150 specimens (1~8 adults and 2 in­
fants ) records were ta.ken on the anat.omica l features of 
the ductus arteriosus and t.he ligamentUin arteriosum 
(Greig, Alison , :\1cAfee and Kurt h, 1954 ). No instance 
of com plete 30 rt.opulmonary comrll unicntion wa s found. 
In a single specilllcn in the ndult series a minute opening. 
of pinpoi nt. size. remained at t.he pulmonary ext.remity of 
the ligament. In each of the infants the ductus, although 
open at both aortic and pulmonary ends, was occluded 
mid-length for a distance of 1 mm. 

the first braneh, the left subclavia ll 
a rtery as the last. The latter artery shares 
a common short t l'Unk wi th a patent 
ductus arteriosus. 

S pec. d- An aort ic arch wi th branches 
as in Type I (of F igure 1) but with per­
sistence of both right and left arterial 
ducts, the former terminating in the right 
subclavian artery and the latter in the 
descending aorta. 

Spec. e- An arrangement generally sim­
ilar to that in Type I , but in which the 
left common carotid artery takes origin 
from the in nominate t runk instead of from 
t he aorta. 

Spec. I- A right aortic arch with the 
branches ari sing in the following order : 
right common carotid; right vertebral ; 
common t run k for the left common carotid 
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Fig. 1 (cont-inned) 

and the right subclavian, and the left 
subclavian. The latter also provides ori­
gin for the left vertebral a rtery and re­
ceives a patent ductus arteriosus. 

Spec . g- An arch in which the right 
subclavian artery arises as the last branch 
in the succession. This configuration i 
associated with atresia of the pulmonary 
a rtery, which, although leaving the heart 
as a fibrous cord, rapidly enla rges to nor­
mal calibre and is supplied by a patent 
ductus a rteriosus. 

Spec. h- A case in which a single branch 
a ri .. es from the aortic arch, a ll other 

branche' taking origin from it di rectly 01' 

indirectly. 
S pec. i- A specimen in \\'hi rh the riO'ht 

subclavian a rtery, of low origin, cros'c' 
posterior to t he ascending aorta. T he 
right vertebral arise from the right com­
mon carotid artery, the left ve rtebral from 
t he aort ic arch. 

S pec. j - An a rch \\'hich give ri 'e to a 
'ingle t ru nk for both common earotid 
arteries and a subcla\' ian artery on eaeh 
side of the median stem. 

Spec. k- Lo\\' origin of the right sub­
clav ian a rte ry di ffe ri ng from pee. i ill 
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Fig. 2. Retro-oeS07Ji!ayeal right subclavian artery. Drawings fl"Om a laboratory specimen. accom­
panied by schematic figures to demonstrate embryological changes which account for the anomalous 
branching. 

a, Deep cervical and thoracic structures, showing the relation of the anomalous artery to the trachea 
and the oesophagus; b, Developmental establishment of a right subclavian artery as the last branch 
oj th.e aortic arch; owing to subsequent disalJ1JearanCe oj the thin segment between the common carotid 
and subclavian arteries oj the light. side, an innominate stem will be absent; c, Embryonic establish­
ment oj the usual pattern of branching of the aortic arch, as a result oj disappearance oj the short 
caudal segment oj the right aortic arch, the cranial segment thereoJ will become the right subclavian 
branch oj an innominate artery; d, A portion oj the specimen shown in the main illustration; ex­
cision oj the right lobe oj the thyroid gland reveals the relation oj the cal"Otid and subclavian arterie~ 
and the intervening portion oj the aortic arch to the tmchea. 

that the left common carotid and left 
subclavian arteries take origin from a 
common stem. 

Spec. l- Specimen with independent 
origin of each of the rommon carot id and 
subclavian arteries from the aortic arch. 

Spec. m- A configuration differing from 
that in Specimen 1 in that the right sub­
clavian arises as the second branch of the 
aortic arch. 

Spec. n- An arch similar to the "stand­
ard ," except for the addition of a left 
vertebral which arises as the last branch. 

Spec. o- A case in which the right sub­
clavian arises as the third branch of the 
arch not, as is commonly the case, f!'Om 
an innominate artery. 

Spec. p- An aortic arch with five 
branches, the vertebral arteries arising 
as the second and fourth members in the 
sequence. 

Spec. q- An arch with six branches, the 
subclavian, common carotid and \'erte­
bral artery of each side being an inde­
pendent aortic branch. 

Clinical Selections (fig. 4). 
Some of the types of variation in the 

aortic arch and its branches, enrountered 
as surgical problems, did not occur among 
the dissection-room specimens. This is an 
expected circumstance, since these atyp­
iral patterns are likely to be associated 
with compression of the oesophagus or 
trachea or with the Tetralogy of Fallot. 
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Fig. 3. Arterial anomalies pertaining to the aortic arches and the branches derit'ed therefrom (re­

drawn .from Poynter). 
. Abbreviations: A , aorta; A D, aorta descendells; C, al'tel'iu rorotis; CD. a. carotis communis dex­
Ira; CS, a. carotis communis sinistra; D, ductus arteriosus; EC, a. carotis exlerna; lC, a. C(lroli~ 
interlla; 0 , oesophagus; P, a. pulmonalis; S D, a. subclavia dexlra; S. a. subclavia sillistra; '1', 
Imchea,' V D, a. vertebralis dexlm; V S, a. vertebralis sinistra. 

The former condition, if left unt reated , 
often resul ts in an early death, owing to 
respiratory complications. Similarly, li fe 
expectancy in un t reated cases of t he 
latter sort is poor, indeed. 

Edward (19-18) has classified these 
anomalies on the basis of t he source of 
the ductus arteriosus. 

GROUP I- In this category belong 
those cases in which the a rteria l duct 
arises from the left pulmonary artery (fig. 
~ ~ b, ~ ~ ~ and D. 

GROUP II- The second group includes 
t he cases in which the ductus a rteriosus 

a rises from t he pulmonary artery of the 
right side (fi g. 4, d, j, h, and j). Each of 
these patterns i t he mirror image of one 
in Group I (in l i'igure 4 arranged in pail" , 
c and d, etc.) 

The functioning double ao rtic arch may 
show considerable di ffe rence in cali bre of 
its two port ion . T he right arch i . often 
the la rger (fig. 4a); in 'orne in tance ' thc 
left i so small a to become obli terated 
in some part of its course (fig . -lb). 
E kstl'Om and Sand blom (1951 ), in a rc­
vie\\' of 85 ca es of doubling, found com­
pression (by t he va cula r ring) of thc 
t rachea 0 1' the oe 'ophagus, or of both 
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a. 

Fig. 4. Arterial anomalies of the aortic arch and its branches of clinical importance (redrawn 
from Edwa,·ds). The figures which are arranged in 7Jairs (c and d, e and f, etc.) are milTor images 
of each other. 

Abbreviations: Lee, left common carotid artery; LP, left pulmonary; LS, left subclavian; Ree, 
right common carotid; RP. right pulmonary; RS. right subclavian. 

visceral tubes in -!7 of the total number. 
A vascular ring is fo rmed by a right­

.·ided arch associated with a left ubcla­
\'ian artery whi ch i . derived fro m an aortic 
diverticulum with a left-sided ductus arte­
riosus (fig. -I:c). The mirror image of t his 
pattei'll is rare (fig. 4d). However, both 
condition ' have been reported as causing 
trat'heal or oesophageal obstruction. 

A variant of the above-descri bed an­
omaly is represented by those cases in 
whi ch subclavian artery originate from 
the innominate artery (fig. 4e and 4f) . 
Again a ring is formed, in this schema by 
the ('onnection between the ductus arte­
riosus and the pulmonary artery. 

As estab lished by the examination of 
laboratory specimens, t he aberrant right 
subc lavian artery (fig. 4, g) occurs wi th 

re lat ive fr eq ue ncy among anomalies 
effecti ng the aort ic arch (fig . 1, VI to 
VIII). This anomalous condi t ion often 
occurs in individuals wi th the Tetralogy 
of Fallot- as does a variant of this vas­
cular pattern , namely, one in which the 
arrangement is its mirror image. Bahnson 
and Blalock (1950) reported 36 such cases 
in a total of 841. The examples were 
equally divided between aberrant righ t 
(fi g. 4, g) and aberrant left (fig. 4, h). 
Clinically, the presence of the anomaly 
gives rise to the condi tion known as 
dysphagia lusoria. Of additional import­
ance is the fact that the righ t laryngeal 
nerve is not recurrent; with no vessel 
a ri sing in such a manner as to dl'aw the 
nerve downward in looping course, the 
nerve of the right side destined for the 
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larynx pas. es directly to its area of supply 
(fig. 2), In thyroidectomy or in trache­
ostomy the unusual (and, therefore, un­
expected) position of the nerve con ti­
tutes a surgical hazard. 

Even in those case in which the suc­
cession of branches of the aortic arch is 
" normal" (fig. 4, i) the position of origin 
of the innominate artery may as 'ume ur­
gical signjficance; tracheal pre ure may 
be the result of origin of the artery farther 
to the left on the aortic arch or, com­
parably, by the left common carotid when 
the latter ve sel arises farther to the right 
than it does in normal case (Gross, 1955). 

The right- ided aortic arch with a y­
tem of branching which is the mirror 
image of the typical pattern (fig. 4, j) 
wa encountered in 0.1 pel' cent of the 
pre ent series (fig. 1, XV). However, the 
incidence in individuals with the Tetral­
ogy of Fallot is 20 per cent, as reported 
by Blalock (1948). Self evident i the 
importance of thi arterial departure from 
the anatomic norm in selecting a ·ite for 
thoracotomy in the Blalock-Tau ' ig oper­
ation . 

CONCLUSIONS 

The variations of the aortic arch and 
it branches in an "adult population" are 
not a tl'iking a tho e encoun tered in 
the pediatric population. ::\one-th -Ie' , 
the knowledge of the common anomalie 
and their relative incidence may be of 
mlue in the interpretation of va cular 
com pre sion of the oesophagus, the inter­
pretation of aortagrams of the arch and, 
lastly , in the smgical excision of a neur­
v ms of the arch and of other rna e in 
;'elation 'hip to it and its branches. The 
" normal" pattern and it· minor variant 
are by far the most common (90 per cent). 
The anomaly represented by t he aberran t 
subclavian \I'a seen in 1.3 pel' cent of t he 

1000 pecimen and a ume ' 'om Jm­
portance in the adul t a w II a in thl' 
child a a cau e of oe 'ophageal comprc '-
ion. The abnormal c ur e f the ' I' -

cUl'l'ent" laryngeal nerv , wh n thi anom­
aly is present, ha ' been 'omm nted upon. 
The vascular ring, a produced by a pcr­
si tent double arch and tho e variant · in 
which the ring i . com pi ted by the ductu ., 
that may resul t in comprc ion of thc 
trachea and oesophagu ', w J'e not ob­
served, t hough the ' have bcen reported 
in the adult a well a' in the pediatri 
group. right aortic arch \I'a found only 
once, in contra t to th hi h incid nc 
reported as ociated with the Tetralogy f 
Fallot. The stati. tical statu of the latter 
group t hu appear relatively in 'i nifi­
cant but none-th -Ie a ume import­
ance when vie\l'ed from thl' -tandp int of 
pediatric smgery. 
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