
Thoracic Arterial Arch Anomalies

By Hu A. BLAKE (MD), Lt. Col., MC, AND WILLIAM C. MANION, M.D.

THORACIC ARTERIALI ANOMALIES

were formerly regarded as having little

significance except when they produced tra-

cheal or esophageal obstruction. As thoracic

surgical procedures become more prevalent in

the smaller or community hospitals, the case

concentration will become less, and many of

these anomalies may go unrecognized. Recog-

nition of the many types of vascular dis-

arrangement thus assumes a greater clinical

significance. Although detailed information

is available concerning specific anomalies, gen-

eral surveys of the over-all problem are lack-

ing. By reviewing 41 selected instances of

arterial arch anomalies that we have encoun-

tered either on the Thoracic Surgery Service,

Walter Reed General Hospital, or in the Car-

diovascular Collection of the Armed Forces

Institute of Pathology and referring to those

described by others, it is hoped to stimulate

interest and discussion of these intricate

problems.
Many parallels for the study of these anom-

alies may be found in vertebrate anatomy.

Although Hommell had published a beautiful

illustration of a constricting double aortic

arch in the human in 1737, it remained for

Jex-Blake2 to suggest in 1926 the feasibility
of surgical correction based on the autopsy

findings of this anomaly in a puppy which

he had observed with stridor and dysphagia.
Since Gross'3 first successful surgical correc-

tion of a vascular ring in June 1945, much

progress has been made in the diagnosis and

treatment of these anomalies.
The double aortic arch is found normally

in some classes of vertebrates. Figure 1 shows

the long pairing of the dorsal aortae as seen
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in the reptile. Anyone who has seen a small

snake swallow an egg or a rodent is aware

that a vascular ring is, not of itself, neces-

sarily productive of difficulty. In other ver-

tebrates, the double arch is found abnormally

and may be present with or without symp-

toms. Figure 2 shows a double aortic arch in

a calf. Figure 3 shows another type of vas-

cular ring in the dog, that is the right aortic

arch with an encircling left ligament. The

German shepherd is said to be particularly

disposed toward this anomaly. Because of the

frequency of these vascular anomnalies in the

dog, pig, and calf, the well-read veterinarian

is as aware as the physician of this problem.46
In the human, the aorta normally arches

to the left of the trachea and the esophagus.

This is the result of the persistence of the

left fourth arch rather than the right fourth

arch. In some mammals, however, the reverse

is true. In the bird, for example, the arch

typically passes to the right. When this avian

configuration (fig. 4) is found in humans it

is of great clinical interest.

In the Rathke diagram (fig. 5) showing the

development of the aortic arch system, the

pairing of all structures is emphasized with

the exception of the ventral aorta. It is this

bilaterality of all structures except the ventral

aorta that provides the basis for many anoma-

lies. Shown as a matter of interest in this

regard is the unusual vascular anomaly in

figure 6. Since two aortae are depicted aris-

ing from the heart, this might at first appear

to represent an exception to the above state-

ment. It does not, however, as this is a com-

posite of two hearts, an instance of thoraeop-
agus Siamese twinning. In vertebrates a

unique exception is found in the crocodile.

This mammal has both right and left ventral

aortae with an initercomimunicating foramen

(foramen Panizza). This allows blood to by-
pass the lungs during submersion.

If one adopts the concept of the "basic
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rigure 1

Reptile's double atortie arch. Note looseness of ring.

primnitive pattern'"' of Edwards-, as the hltmlani
embryologic startinig point, the comiiplexity of

thiese arch anomiialies largely disapp)ears. REe-

ognizing that the aortie arcehes app)ear in

temporal sue( ession, ailI by thle timie tle lst

pair appears, the fir st two have undergone,

regression, Edwards has retainied onily those

Figure 2
C(af wi-ith (doable aortic arch. lin the b)ackgfrouni7,d is

s(('ii th (1 art with an especi(iaflly pronien ri hf

atfil aippe aae. . largc righf? t 't'ch i' at sm'ttiallrr

lIft arch tightly cucircle th tracheai (1ht esoph.agfus
before rejoining.

parts of the RBatlke diagra that have re-

mained after miianyV ear lier changes (fig. 7).
Ini the operating-rooimi, the use of tlins pattern

as a starting point is partieularly vva,luablc..e
ini that it ofteni permits a quiek deciphering
of thie anomalv with greater certainty ai(I

wvitlh lessened ol)erative exposure an(d trauma.

rrlijs pattern- atssumes additional importance
ini thlat it mar be uised to visualize the evolui-
tioIn of som1e1 36 tliortiea lly possible va-Scular

areh anomrnalies if on_(,e, pIresinnes aortie arch-

in-volution at butt one p)oinut. On the presumi)-

tionI of involution. at tw1o or more ])oints, the

number of mnalformnations increases as a geo-

mnetric Jrogression. -If this 'bl)asie Jrilnitive

l)attexit' is preslll)ose(l to he the forefather

of all subsequent vasc(tular anomalie(}s, bow do

the latter (develop ?

To visualize the develol-pment of these anoini-
alies, consider th.e large drawingr iin firure 8

as representative of th)e ''bmasic primiutive pat-

tern. "'A series o;f changres in t-lis l)atternl is

11oW assnmnlld. rilie first of thesei(' cianges is

latera'lization of the' aorta either to tlie right
or to the left (1-a, 1-h). Thliis shtift is see01o -

ary to the midline at)pearantce of the vertel)ral
bodies w ith the subsequent dlisplacemnent of
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THORACIC ARTERIAL ARCII ANOMAIES253

Figure 4
7The birdc's ri(ght arching aorta is seen pa.ssinlg o1c r

the bronchus to the right lung. The foreshortened,
airch has given origin to tWFo brachiocephalic trunks.

Figure 3
)og ?with right arch aind a left encircling liga,-
entunt arteriosnis causing tracheal andI esophageal

constriction. Note also the persistent left superior
r.ena cara joined by the hemiazygos vein.

the midlinie dorsal aorta. InX ouLr collection,
th ere are three hearts, representitig this early

stage of development (figs. 20, 21, and 22).

The second changcre inivolves a similar laterali-

zationl, but this time of the duetus (a-1, a-2,
b-I, b-2). The frequency with which the

ductus undergoes lateralization to the left is

explained as a function of the left ductus

being in a more favorable hemodynamic situa-
tioni for flow and may be explainled as follows.
In the normally rotated heart, the aseending
aorta lies to the right of the mid-sagittal
plane. The pulmoniary artery consequently

lies to its left. With the pulmonary arteryT
thus lying to the left, the left ducttus provides

a shorter and more direct route to the left
arch than does the right ductus to its arch.
Persistence of the left ductus is therefore

favored. In situs inversus with dextrocardia,
where the relationships of the aorta and pul-

monary artery are reversed, the duetiis most

often persists on the right (fig. 9). The six

Circulation, Volume XXVI, August 1962
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Figure 5
Rathke diagram. The third arches form portions
of the carotid airteries; the fourth, the (rch of the
aorta; the sixth, the distal pulmonary aurteries.
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::2:

ANTERIOR

4

otate uP LEFT. LAERAL
I,.E :

Left aUorta

ti: *X W

:PovottaIO

Figure 6
I ileo nlortat attjjng fro-t the h airt. Titi droiwr/ting of ti/c hit(Irt in.
8Sfimese twinning is (v com'tposi.te of' two hear/ts and titus (toes ttot

to a siutqte ventral aorta. of thte Rat/hte diagrami.

siialler1 figures slhowIn iii figure 8 coistituite
six Jimnbs of the genealogy tree of the aortir
arel. Eacli, int turl'n, cani be, acnalyzed furthier
by stipposirlig 1iuvoltitonl at o1W oif six possible
separate p)ohits oni the arch systemii. A devel-

oplnelltt of this con.ept will he carried ouit,

tt caSt of4 thoracoItp]y
represe nt (in excCeption/i

using b-2 or its enllargoed counte part, figure

If inivoluitioni shiouhl occur at poinit 1, fig-

u1rI-e 10, the "(irmal' left aortic arc(,eh would

restult. Th'lis arch becomingy separated fromn its

point of p(isterior aittachment,r-etr-acts an.id

Circn/tloti Voitttlme XX VI, Attgutst P062

254

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

://ah
ajo

u
rn

als.o
rg

 b
y

 o
n
 A

u
g
u
st 2

4
, 2

0
2
2



THrH(.)RA('1(' ARTERIAL4 ARCH ANoM(A1A-lIES 255

Figure 7
A'dward's "Ibsic' prim itiryeipatter-n" consisting of

rig//fe aidnlef{J't ciorlic arches, right and( lef t dif-cl.s
arteriosms'. i1/i/t a nmic/li//c c/c,qcend-ing/i czar/a.

realitonls itself. Selrvino as the common oriinii
of tile riglht (arotidI anld/ sullelaviall arteries,.
the proxillud portion 11wbnoieonsic the riiglt
Innominiate artetry. It seenits teleologically

significlant that tllis is thle only17 point at Awhii(chl

involutVVIltiOn ('a1 occutr that is niot potentially
cal)able of producing- s-onwc formiri of t rachead
or esophageal] obstruction.

Involution at point 2, figure 10 would yi-e
.stlt iii the now canidally arising riliit sbit-

(l.av'ia artery, Iaving to cross the midline to

renach the right apex. As Iolzapfels Indicated,

tde couirse taklein mamy he (tiiite -variablle. Of

1]33 instances this aultohr studied, six passed

antetior to thle, trachea, 20) lpasse/1 between the

trachea and- the csophagus, allaI 107 passedI
retroesopliagezally. Approximately 1 per (cet

of routine bariium stuidies of the esophagus
are said to slbow the latter anomialy.

Tlethe are( many aspeets of thiis aito1maly,
the alerr-ant right sul)eIavianl artery, whieh

stilt seem poorly uInderTstoo0d. ITf seCparatioll of

the righ1t. arch shlould oceuir in. s/lch a iimaniner

that a portion of this rilit or posterior ar/li

Circulatio, Volume XXVI, August 19/6f

Al / \ A2 B, / \ B2

Figure 8
I)ici lejr iii S/io /i ti/ /o f/tio /ii/iY/ 0 i/clop i/( at o

Si.1; iBIior cii dc(/ iii s fro mi f "b xIicic

Figure 9
irig//ht (tact/'/S muicl ca left arc/i pioliiciiig ai i/sc/

bir ring in soit/is incr//t/S (ci Sitiaftioii co//para(ble
to cav ejic irclin/l left (f/'t/cS' With ii right (i/c/h i//
i///cisite e).

lpersists all(d, il turnt ,gives Irise to the aberrant
rig,ht subelavian artery-, a larige aorti(c diver-

ticiu]1lnut results (fig. 11.), a finidingcf first de-

scribed by- Kommerell . Getnerally there is
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BLAKE, MANION

2 5
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Figure 10
Enlargement of figure 8-b-2. The dotted rings indi-
cate possible points of arch interruption. The left
ductus has been omitted.

failure to recognize this diverticulum. Roent-

genologically, this large retroesophageal di-

verticulum may be misinterpreted on the basis

of "size " as the posterior limb of a double
aortic arch. Not infrequently, the "aneurys-
mal dilatation " of this artery encountered

by the surgeon and possibly thought " too

dangerous " to divide, may represent only
such a diverticulum. Aneurysmal dilatation

and rupture of an aberrant right subelavian
artery does occur, although infrequently.10
Rupt.ure of a diverticulum of Kommerell a.fter
resection has also been reported.1' However,
the wall of the diverticulum does not appear
morphologically to be deficient in structure.

Again it seems worthwhile to re-emphasize
the frequency with which an aberrant right
subelavian artery occurs in the tetralogy of
Fallot, with a left aortic arch. Pattinson and
Emanuel12 reported an incidence of 16 per
cent. Blalockl3a, 13b has also commented on this
anomaly.

Figure 11
Though the right arch has been interrupted in the
dotted area, the distal portion of this arch may
persist as an enlargement-the so-called divertic-
alum of Kommerell.

If involution should occur at points 4, 5,
or 6 (fig. 10), a right aortic arch results. As
the significance of the right aortic arch has
been greatly underestimated, we would like
to re-emphasize its importance as a clue to
the presence of intrathoracie vascular anoma-
lies.14 Right aortic arches are associated with
a high incidence of intrathoracic anomalies,
i.e., several types of vascular rings or slings,
the right-sided or bilateral ductus arteriosus,
contralateral absence of the pulmonary ar-
tery, and large bronchial arteries.

Sprong and Cutler'5 stated that in cases
with a right aortic arch and a left innominate

Circulation, Volume XXVI, August 1962
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THORACIC ARTERIAL ARCH ANOMALIES2

Figure 12

Angioc a rdiog ra l of pa tient witth sevcere congenzital
ardi/ca d/tfttls. lt'he-ie is a right arch and right

levtsCend7-inlg alorta.

Figure 14
D'iaram of heart showing a left anterior ductus.

Figure 13
The involutionary process involving the left arch

distal to the ductus insertion produces a non-

constricting left anterior ductus. Involution prox-

inal to the dmctus insertion uill produce a poste-

rior encircling ductus anid a vascular ring.

Cireulation, Volume XXVI, Autgust 1962

artery, initracardiae defects will be found in
four of 10 cases. Wlihel the right aortic arcll
is associated with a right descendinig aorta

(tlhe avian configuratioln fig. 4), the inei-
deuec is mLLch hiigher. Assinann16 wenlt as

far as to suggest that all suech cases are asso-

ciated with colngeniital defects of the lheart
(fig. 12).
With the right arch one maight expect the

incidence of an obstructive vascular rinig com-

posed of the right arch and the posterior en-
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BLAKE, MANION

Figure 16A
, ifgiocaldiogramt showcing right arch givingriise to
a eleft innominatet artery.

Figure 15
Angioica dioyg am showing the typical elevation ovf
the left pulmonary arter?Y, the result of an ante-
rnor duchts.

circlinlg left ligamenitum to be high. That suelc
does niot occur frequently is explained dia-

grammnatically by figure 13. The involutionary
process, fortunately, most frequently involves

the arch system caaudal to the enitrance of the
ductus and results in the formation of a noni-
constrictingr left anterior ductus. Should the
process involve the left arch proximal to the
ductus insertion, a vascular ring will be

formed. Blalock'3 reported that approxi-
mately 75 per cent of 144 patients with a

right aortic arch anid eyanotic congenital
heart (lisease had ani anterior ductus (figs. 14

and 15). Thus, only 25 per cent of such indi-
viduals are potential candidates for an ob-

structive vascular riug. Again, due to loose-
ness of the rinrg, obstructive symptoms are
present in extremely few cases. Muclh clinical

skill is necessary to differentiate the symptoms
caused by the obstruction and the symptomns
of associated congenital heart disease. This

Figure 16B
The esophagram establishes the posterior passage
of the left innominiate artery.

is especially so in the patients with a right
aortic arch.

Interruption of the arch system at either
point 4 or point 5 (fig. 10) may produce a

double obstruction. This second point of ob-
struction is the result of a dextraposed aber-
rant vessel, which must now cross the midline
to reach its definitive position on the left.

Circulation, Volume XXVI, August 1962
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THORACIC ARTERIAL ARCH ANOMALIES

Right Left
Figure 17

Unilatera(l absence of either the right or left pntl-
monary arterTy often results in the persistenec of
the opposite arch, ductus arteriosus, an( puitno-
nary artery branch.

Figure 19
)iagram of absence of proximal portion of right
pulmoniargt artery. The pulmonary artery arises
directlg from the aseending aorta. This is another
example of bilateral persistence of the ductus. A
suggested operative correction is shown (after Caro
et a1.28).

I
I
I
I

I
I
I

I

D.K w

Figure 18
Origin of the blood supply to the left lung from
the innominate artery in a case of absence of the
left pulmonary artery. This represents a persist-
ence of the ductus arteriosus.

Gross and Neuhauser'7 have emnphasized the
anterior "bowstringing" of such a vessel
across the anterior trachea. Less well known

Figure 20
Extremely primitive vascular pattern shovwing bi-
lateral aortic arches and bilateral patent ductus
acrteriosus. Note, however, the looseness of the vas-
cular ring, a feature also described by others.29

is the posterior passage of those vessels. Our
material contains examples of posterior pas-
sage of both an aberrant left innominate (fig.
16A and B), and an aberrant left subelavian,

Circulation, Volume XXVI, August 1962
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BLAKE, MANTON

Figure 21
Bilate ral aertic arahes with p,atent right awl left

ductus arteriosaus. Adfditionally,t? rye is' (anionmalous
pulmo(itr veunons return to the porta(l sgstem and1
at Persistenit left anterior cardinal reiin.

Figure 22
This drawing of a specimen shows doable aortic
arches, right and left duettus, and an atriorentric-
ular canal; an extremely piimitive arrangemeat.

Figure 23
1,ostrinor vieU. Note vessels arisinq (roan the de

scending aorta to pass to the pitlonantr'y arteries.
These vessels probablqy represent bronchial arter-
ics. (After Fiitdlay (and Jilacr (case 3?).25)

eachl iii associatioii witl a righlt aototic arch,
these vessels beingr the cauise of second Iloints
of obstruiction. Unavareness of tle posterior

passage of these vessels mav account for ini-
complete surgical relief in sonic (cases.

A right duetus arter,iosiis miay be seeni in
coiijuncetion wvithi a rigvht aortic airch. rpbiis

anomaly wras enceountered five times in tlis
series anid has beeni eneounitered and discussed
by others.'8 19 Its unexpected presemiie at

open-heart surgery nmay presenAt consi]lerablIe
teehniieal difficulties. For conveinienice, (discus-

sion of the related problem of tfie bihldlteral
duetus arteriosus is deferred nutfil later.
Absence of the eontralaterall p)llnionary

artery is oecasionially seeni in the, patient with

a right aortic archl. Sintee portions of both
the pulmnon-iary artery an-id the ductus have

their conmm-on origin in thie sixtlhi branehial

arch, absence of the p)lnioiiairyvarteiry may

be explained by ani exaggerated involutionl of

Circutation, Volume XXVI, August 1962
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TI-IORACIC ARTERTAL ARChI ANOMALIES

(;1
.:#

Figure 24
) raIwinIg Of tId 4 (,I i tI 44(1iw t (Stsc i4 (41 ItSill0trionbstci44t oft114 ise11 in us. III t14 is c(ase

bi4t(erruptionl of the arce4s14 1l4(4s occurredl (it ])oin4ts 1 (444(1 1 inl figure 10.

the ductus Aw-itlh inivolvemient of the pulnmonayr
artery. There being nio (lducts or ]p)llmnoary
artery, the arch oni the affect ed si(le is in ani

uiifavorable henodvuamie sitnat ion compare(1
to the opposite, and wiL l)robably dlisappear.
Thus7 this wouldlf explain the frequently asso-

eiated findings of the righlit aortic arch, righlt
du(lits, aiil an absent l.eft 1pul.iouar\ arter-
or its converse; the left aor.t ie arel, left duetus,
and an cabsent right pnlinoiiary artery (fig.
17). The dangimers presenitel l)y these anomalieWs
(luringr the construction of' a pilmnoniary svs

temic artery shunt is again eI)liasized.202'2:
Complete corr'ectioni by m-eans of op)en-heart1

surorery slhoul](d be safer in that thle pl)eselice
Circulation, Volumce XXVI, August 1962

of tivo )ulmhnoIary arteries is niot reqnuired as

for successful aceomplrishument of a shun.]lt pro-

Wh.en the pulinonary artery is absen-t, how
is tie lung supplied with blood? F'indlay and(I
Maier 26 have described the mainay Possible
sources of' sli)ply ii suehl situations. Two

sources, however, shouild be emphiasized, i.e.,

thie bronichial; arteries and vessels arisinc near
the base of thlie imiominate arterv. Thiis latteIr

p)oiuit of origini may ofteni fallaciously he re-

galreld as, representinig a bron- chial artery
(fig. -18). We thlilnkl, however, as o(l othiers,
thlit thle,vessels arising near the base of the

iiiiuomiiniate artery iimav represent persistence
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BLAKE, MANTON

Figure 25
In the.se cawszf do, Iczl intfcrnvtionz of' a si;igle arch (left) hts oeccra(I at points 1 1)nd 1'5
in figure .10. IPreoperative (liagnosis is possible.

of the left ductus.23 Tile situiationi slhowni in

figure 18 closely resemnbles that slhown in fig-
ure 14 with the addition that regression has

involved the proximiial pulmonary arterial

portionl of the left sixth branchial arch. An
analogous situation with the ductus arising
near the base of the right innoininate artery

has been described by Caro et al.28 Shown in

figure 19 is a left arch and a left duetus. The.

proximal portion of the right pulmlonary
artery is absent, and the blood supply to the

right lung is directly from the aorta. This
vessel also, we believe, represents a persistent

ductus rather than bronchial artery. The site

of origin of this artery from the aorta, that

is, at, or niear, the origin of the innominate
artery is consistent with a right-sided ductus

arteriosus. This anomnaly is of clinical inter-

est, since the patient presents with unilateral
pulmonary hypertension. Severe and re-

peated unilateral hemoptyses have been de-
scribed.27 The attempted operative correc
tion of such a case by Caro et al.,28 is depicted
in figure 19.

Bilateral ductus mnay occur in several varia-

tions. Double aortic arches with double ductus

Circulation, Volume XXVI, August 1962
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THORACIC ARTERTAL ARCII ANOMIALIES

Figure 26

A)igf,ioardtgra'i? iii, qoi0g udolescent girl with

congenital eloingation of the aorta. A complete in-
verted U loop is described.

are seeni iii figures 20, 21, and 22. Previously-
men-tioned were eases wlhere the secolnd (luctus
arose from the ascenidinig aorta or base of the

inniiominiate artery. These are show:n in figures
18 anid 19. An additional variation is seen in

figrure 25. Other examnples have been reportedl
by several authors.30-34

WNe believe that the case described by Find-

lay anid Maier 23 (case 3) probably repre-

sents not an example of a bilateral persisteiiee
of the ductus, but rather olnly exaggerated
bronchial arteries (fig. 23). Embryologically
true pulmonary arteries should arise proximal
to the aortic arch branches, otherwise one

must assunme a transposing of the pulmoniary
arteries (a derivative of the sixth branchial
arch) cephalad to the origin of other vessels,
inniominate and carotid arteries, derivatives
of the third and fourth branchial arches.33
In our experience a right aortic arch is oftexn
accompanied by overdevelopment an-d enlarge-
inent of the bronchial arteries. It should be
mentioned that esophageal obstruction from

an enlarged bronchial artery has been de-
scribed and corrected.36

Involution of the arch at point 5 (fig. 10)
may produce two points of tracheal and eso-
phageal obstruction. While involution at point
6 would result in a right aortic arch, the pres-
ence or absence of a vascular ring would de-

pend on the insertion of the left ductus. There

Circutation, Volume XXVI, August 1962

Figure 27
Tlhe paired embryonic dorsal alortae hare numer-
ous cross connections. Obliteration of alternating
poiints on opposite aortae may cause development
of these channels and a resultant elongation or

tortuosity of the aorta. Another explanation offered
for this elongated loop is a failure of descent from
the earlier cervical position.

would, however, be no anterior bowstringingy.
So far we have restricted the analysis to

but a single limb of the genealogy tree (fig.
8 b-2). Similar analyses might be made for

the other five limbs with a result of 36 possible
vascular anomalies-all based on the assumip-
tion of involution occurring at a single point
only. Unfortunately, the problem is not so

simple. Ilnvolutional changes might occur at

two or more points, either on a single arch or

at separate points on each arch with the re-

sultant production of aortic atresia, an aber-

rant orig,in of a systemic artery from the

pulmonary artery, or a congenital elongation
or looping of the aorta. Multiple points of

regression involving both arches result in
aortic arch atresia (fig. 24). We, with others,
have successfully treated this lesion surgical-
ly, so that this anomaly is worthy of more
than academic initerest.37 38 Some configura-
tions inay lend themselves to a staged surgical
correction.

If multiple points of regression affect a

single arch, a systemic vessel may arise from
a pulmonary artery. In the right-sided por-
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tion of figure 25 the anatomic configuration

shown was predieted on the basis of the clin-

ical findings of a ductus murmur, a right
aortic arch and a weakly palpable left radial
pulse. This configuration has been described
by others and is quite common in veterinary
reports.5 39-41

Multiple alternating points of involution
affecting both arches may cause congenital
elongation or "looping" of the aorta.42' 43
When this occurs in an infant without evi-
dence of hypertension or arteriosclerosis, the

elongation is logically, we believe, attributive

to an embryologic maldevelopment (fig. 26).
For a possible explanation of the formationi
of this anomaly, see figure 27. A similar mech-
anism might explain those cases of right
aortic arch in which the aorta quickly crosses

the midline to descend on the left side,44 or

its mirror image, that is the left aortic arch
in which the aorta quickly crosses the midline

to descend on the right side ;45 also, the ex-

planation may be similar for the particularly
tortuous aorta, in which there is a left arch

with the aorta initially passing to the right

but quiekly returning to the left to exit

through the diaphragm. Only with the report-
ing of additional cases will a better unider-

standing of these anomalies be possible.

Summary

Forty-one well-studied thoracie arterial

arch anomalies are related to cases previously
reported in the literature and presented with

simplified drawings in an attempt to provide
a workable understanding of these anomalies.
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