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Variations and anomalies of blood vessels are frequently 
met with and are thought to be due to various developmental 
factors, among which we may name the following: the potency 
of the fertilized ovum, the mechanical influence of the neigh- 
boring organs, and the direction, rapidity, and pressure of the 
blood stream. There is, as yet, much confusion concerning 
the development of even the large blood vessels. I n  clearing 
up this confusion the interpretation of every experiment of 
nature-every anomaly and variation-is important. The 
anomalies described here do not illustrate extremely rare 
cases. However, certain authors state that, for a complete 
explanation of the variations and anomalies of blood vessels, 
there is still a deficiency of material illustrative of the less 
rare cases. Therefore, we are describing the following two 
cases of anomalies which were found in the anatomical labora- 
tory of the ITniversity of Latvia during the  dissection of two 
adult, normally developed, male bodies. 

CASE I. ANOMALOUS RIGHT SUBCLAVIAN ARTERY (figs. 1 and 2 )  

The heart is normal. The aortic arch and the thoracic 
aorta have a normal shape, size, and an almost normal 
course; the thoracic aorta shows a bend to the right. The 
branches of the aortic arch are: the right common carotid, 
the left common carotid, the left subclavian, and the right 
subclavian. The right common carotid arises from the upper 
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surface of t h ~  aortic arch, d i e r e  tlic latter is placed on the 
right side of the trachea, and goes directly upward. The left 
conimon carotid originates immediately to the left side of the 
right common carotid (with which it corresponds in size) 
mid from the ventral surface of the aortic arch. It runs over 
the ventral surface of the trachea to tlie left side of it. Close 
to the origin of the left common carotid is the beginning of 
the left subclavian, which is of normal size and direction arid 
I ~ r n i i c h ~ s  normally. The right subclavian artery arises from 
the upper part of the dorsal surface of the aortic arch and 
at the left side of the left subclavian artery. The origin of 
this artery is just to the left of the oesophagus and trachea: 
thrw tlic vessel passes over the dorsal surface of the oesopha- 
gus to the right side; where it crosses the oesophagus it is 
5 em. distal from the beginning of that organ. On the right 
side of the oesophagus it curves downward and branches. 

The right vagns nerve, in the beginning, follows a normal 
c’ourse along the right side of the oesophagus and trachea 
and in front of the right subclavian artery. It has no recur- 
rent nerve. All the branches passing to the larynx, trachea, 
and oesophagus are independent and arise close to the level 
of their final distribution. The general direction of these 
branches is downward and medialn-ard. The left vagus iierve 
is normal in its direction and branching. 

CASE 11. IXIGHT AORTIC ARCH (figs. 3 ant1 4) 

The heart is enlarged. The beginning of the aorta is 
covered by the pulmonary artery and the right auricle of 
the heart. The ascending part of the aorta passes directly 
upward along the right side of the trachea a id  oesophagus, 
then curves suddenly backward and to the left. On the left 
side of these organs it makes a sharp curve downward; on 
its farther course it is on the dorsal surface of the oesopha- 
gus, in this position exhibiting a curve toward the riglit. On 
the right side of the ascending part of the aortic arch is the 
superior vena cava, which receives the azygos vein lying 011 

the dorsal surface of the aorta. The origin of the pulmonary 
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artery is normal; this artcry passes to  the left and, at the 
level of the bifurcation of the trachea, divides into its two 
branches. From the upper surface of the bifurcation origi- 
nates the ligamentum arteriosum, which crosses the ventral 
surface of the trachea on the left side running upward to 
join the left subclavian artery. The branches of the aortic 
arch are: the left common carotid, the right common carotid, 
the right subclavian, and the left subclavian arteries. The 
first branch arises on the medial border of the ventral surface 
of the descending aorta, where the latter reaehes the right 
side of the trachea and then swings around the ventral sur- 
face of the trachea passing somewhat forward in its course. 
The right common carotid arises a little more cranially and 
to the right of the first branch, while the right subclavian 
artery takes its origin from the uppermost part of the aortic 
arch and still farther to the right. The fourth branch-the 
left subclavian artery-arises from that part of the aortic 
arch which begins to curve downward, the origin, which is 
conical in form, being on the ventral surface of the arch. 
This conical enlargement lies just a t  the left of the oesopha- 
gus and is joined by the ligamentum arteriosum. The walls of 
the aortic arch are sclerosed, and the vessel itself is cn- 
larged. The relations between the trachea and the oesopha- 
gus are normal. In addition to the abnormal course of the 
aortic arch, the courses of the vagi and the recurrent nerves 
are not quite normal. 

The left vagus nerve has a normal course; its recurrent 
nerve goes around the ligamentum arteriosum to its place 
of distribution. The right vagus nerve courses over the 
dorsal surface of the aortic arch, then goes between the 
azygos vein and the lower surface of the arch, where it gives 
off the recurrent nerve, which passes under the aortic arch 
running in the veiitromedial direction to reach its normal 
position. 
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DISCUSS ION 

The literature concerned with the variations and anomalies 
of the aortic arch and its branches is large, particularly that 
dealing with the abnormal course of tEic right subclavian 
artery. The first cxtcbnsivc compilations of the difr'erent 
iillo~lnlics and variations of this kind were given by Quairi 
( '44) mid by Henle ( '74). In 1883, Krenner referred to thc 
relatioiis lwtwcen these anomalies ;tiid the course of the vagi 
antl recurrcnt nerves. Holzapfel listed all the cases (200) 
of the right subclavian artery as the last branch of the aortic 
arch which had been described in the literature up to 1899, 
m d  gave very complete details of the characteristics of lhis 
aiiomalg ; lie also described the relations existing I)etween this 
anomalg and the neighboring organs. This contribution 
givcs the most complete consideration of this question to the 
present time. All later cases (from 1899 to 1907) of this 
anomaly have been compiled by Ranchi. Afiliani tch and 
Kadanoff, in 1924, published two cases of the aortic-arch 
anomalies ; Kadanoff also cited the most recently published 
( w c s .  The last paper, within our lmowledge, concerned with 
this question is the one published in 1925 by Cairney. This 
author clescrihed two cases of the right suhclaviun artery a h  

the last branch of thtl aortic arch, and gave, also, a review of 
such eases of this anomaly as had been published in England 
antl America. It appears to us that the authors of some of 
thcse later papers have arrived a t  certain erroneous con- 
c*lnsioiis by reason of their unfamiliarity with the earlier 
litt~rature ; this criticism would apply particularly to the 
work of 1Iilianitch. 

'1'110 two rinomalics dcwrihed in the present payer illustrate 
the most frequent and most, characteristic cases, and there- 
fore it is nnnecessarp to discuss them more completely. From 
the literature, it may he seen that the most frequent anomaly 
in the development of the aortic-arch system is the abnormal 
heginning and course of the right subclavian artery (case 1). 
1 T p  to  llie present time, there have been published about 360 
siwh castis (231 up to 1907'). Of coiirse, there arc iindouhtedly 
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many cases which have not hecn published; for example, in 
the Anatomical Museum of the University of Michigan there 
are four such cases. On an average, this anomaly is found 
in 0.4 to 0.8 per cent of cases, i.e., nearly 1: 167. In  such 
specimens the course of the right suhclavian artery behind 
the oesophagus is to he regarded as the usual position. Out 
of the 165 cases compiled by Ranchi ('07), the right suh- 
clavian artery coursed between the oesophagus and trachea 
in twenty-one cases (12.5 per cent) and in front of the trachea 
in seven cases (4 per cent). The most frequent disposition 
of the aortic-arch branches is: the right common carotid, the 
left common carotid, the left subclavian, and the right sub- 
clavian arteries. A true right recurrent nerve does not exist 
when the right subclavian has this anomalous origin. A11 the 
nerve branches which usually are included in the right recur- 
rent nerve pass gradually to the region of distribution di- 
rectly from the right vagus nerve. Rrause and Telgman (Die 
Nervenvarietiitcn des 3lenschen, Lcipzig, 1868) were the first 
to give an explanation for such a course of the branches of 
the right vagus nerve. Much more rare are the cases where 
the right recurrent nerve exists and embraces the vertebral, 
the inferior thyroid, or the right subclavian arteries. Some 
cases are known (Pingc, Dubrueil, Banchi) where the right 
vagus nerve passed behind the right subclavian artery. 

The anomalies in which the normal left aortic arch is substi- 
tuted for by a right aortic arch are more rare than the previ- 
ously mentioned group of anomalies. Twenty-eight such cases 
have been described in the literature, our case making the 
twenty-ninth. I n  all the published cases the right aortic arch 
reached the right border of the oesophagus and then passed 
behind this organ and to  the left of it. Only in Dubrueil's 
case (Les anomalies artBrielles, Paris, 1847) it passes be- 
tween the trachea and the oesophagus. The left subclavian 
artery, in the presciice of a right aortic arch, lies behind the 
oesophagus, with the exception of the case described by Kada- 
noff, in which it passed between the oesophagus and trachea. 
When there is a right aortic arch, the ligamentum artcriosum 
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(sometimes a persistent ductus Botalli) is, as a rule, on the 
right side. Cases with a right ligamentum arteriosum arc 
very seldom found. Such cases have been published by 
A4bernethy (1793), Quain ( '44), Brcchet (1826), and Brenner 
('83). Usually, when the right aortic arch is present, the 
right recurrent nerre embraces the aortic arch and the left 
recurrent nerve swings around the ligamentum arteriosum. 
(iottschau's case ('87) represents the only one where both 
recurrent nerves embraced the subclavian arteries. The 
course of the right vagus nerve behind the aortic arch can 
he very simply explained in the case we are presenting (figs. 
3 and 4). Ry turiiing the aortic arch from the right to  the 
left, the anterior surface becomes the posterior surface and 

In connection with the two groups of anomalies just dis- 
cussed, cases of double aortic arches should be mentioned, 
i.e., the reptilian form of the aortic arch. These anomalies 
are comparatively rare, only about fifleen such cases being 
described in the literature. I n  these cases the double arches 
join behind the oesophagus. Only one case (Zagorsky, 1824) 
is reported where the junction occurred between the trachea 
and the oesophagus ; in this last-mentioned case the right 
aortic arch passed between the trachea and the oesophagus. 
TYc shall not consider further the different characteristics of 
these three groups of anomalies, since detailed discussions 
of them are easily available in the works of Rrenner ('83), 
Holzapfel ( '99), Cairney ( 'as ) ,  and others. Our aim is to 
consider here the factors underlying the occasional develop- 
ment of parts of the aortic-arch system which ordinarily dis- 
appear and, likewise, those factors which occasionally pro- 
t l u c ~  the disappearancv of such parts of the aortic system 
as are normally present. 

Rathke and 17011 Baehr were the first to point out that 
the developmelit of the heart and of the six doubled arches 
is the same in all vertebrates. Turner ('62), 011 the funda- 
mental basis of a common cmbryological origin, systematized 
all Ihe variations of the aortic arch and of its brandies. 

the nerve is displaced in the same direct' ' 1011. 
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Tnriier’s work was extended by Krause (’56 and ’76, in 
Henle’s Anatomy) by means of diagrams. From the em- 
bryological point of view, it is not difficult to explain many 
of the different anomalies of the aortic arch. It is not easy, 
however, to explain those cases in which the blood vessels 
pass ventral to the oesophagus. 

I n  this connection it is necessary to mentioil that Cairneg, 
relying on the work of Geddcs (’ll), is iiiclined io  deny 
entirely the possibility of the presence of the right sub- 
clavian artery in front of the trachea; he says there is “no 
reliable case in which the artery is shown to pass in front 
of the trachea.” Cairney doubts all those cases referred to 
by Holzapfel in which the right subclavian artery passes 
between the oesophagus and the trachea, and states that only 
one case (Bradley, ’71) has been published in which such a 
course was found. Cairney, at thc time his paper was pub- 
lished, did not hare a first-hand acquaintance with Holz- 
apfel’s work (he writes, “Holzapfel, ~7hose paper I have un- 
fortunately not been able to consult”), and it is also evident 
that he was unfamiliar with tlie cases described by Dubrueil, 
Bagorsky, and Kadanoff. There is no doubt that, when cer- 
tain aortic-arch variations and anomalies are present, the 
pre-oesophageal course of the large blood vessels occurs, i.a., 
the course betweeii the trachea and the oesophagiis and iii 
front of the trachea. These last-named anomalies cannot 
be explained by the aid of Rathke’s diagrams; indeed, thus 
fa r  we have not been able to fiiid an adequate explanation 
for  them, altliough hypotheses, attempting to cxplain the con- 
ditions, have been given by several authors. Holzapfel 
regarcled thew cases as dependent upon the existence and con- 
siderable development, in early emhrpologic stages, of pre- 
oesophageal anastomoses hdwet~n the roots of the ascending 
aortic arches and the anlage of the subclavian artcrp. The 
Kadanoff figures (nos. 4 and 5) illustrate this theory. Ranchi 
tried to explain the anomalies on the hasis of a total or 
partial persistence of the fiftli aortic arch. That this last 
hypothesis i8 not acceptable has been clearly shown hy 
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ICadaaofl, who pointed out that tlic relations between the 
recwrrent nerves and the right subclavian artery demanded 
by- tlie acceptance of this theory arc quite different than the 
relations existing wlien the actual anomalies are present. 
(’airney wrote: “Che can but suggest that in tliis ease li.e., 
the h a d l e y  case], the fusion of the paired aortae to form tlie 
unpaired aorta may have occurred, a t  any rate in its cephalic 
part, ventral to the alimentary canal instead of dorsal to i t ;  
and that subsequently tlie anomalous artery was cleveloped 
by tlie incorporation of the terminal segment of the right 
dorsal aorta in the usual manner.” This audacious sugges- 
tion of Cairney, in explanation of these anomalies, is very 
difficult to accept; in fact, it appears impossible. Regarding 
these hypotheses, Kadanoff ( ’24) wrote as follows : “DIese 
Erkliirnng [i.e., Holz;xpfel’s] sclieint mir die Einzige mir Zeit 
niogliehe sein. Sie hat nur  deli Wert einer Notbriickc, solangc 
iiiclit weitere Hefundc vorliegen.’ ’ 

Tt is evident, from the preceding bricf discussioii, that 
Ilathke’s diagram needs further consideration and modifica- 
tion. Congdon, working with tlie human embryo7 has already 
given some important results in this direction. The question 
about the relations existing betwceii thc different anomalies 
of tlie aortic arch and the course of thc vagus and recurrent 
nerves has been thoroughly solved, from an embryological 
point of view, by Brenner ( ’83). We know definitelj- now 
that these relations dcpend upon the transformation of the 
hraiichial and aortic a r chs  and npon the displacc.ment of t l i c b  

lieart. 
Iii coiiiiectioii with the above-ment ioned discussion, attcii- 

tion should be called to Hackman’s suggestion (based mainly 
upon Funcius’ investigations) that the heart is a ‘ punctum 
fixum’ and that the anterior part of the body grows cranial- 
ward along the heart; this latter condition giving the ap- 
pearance of a descent of the heart. It seems to us that both 
voiditions must be rccognized hcre; that is, the heart does 
reach its final position by a caudal displacement, but that at  
the same timc tliero is forward growth of the anterior part of 
the body, part icularlj- of the neck region. 
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With reference to the underlying causes of the different 
forms of aortic-arch anomalies and of the anomalies of its 
branches, most authors agree that they are caused by the dif- 
ferent directions of flow of the blood stream itself. Ho~7- 
ever, we have been unable to find any definite statements in 
the literature regarding the causes underlying the changes 
in direction of the blood stream. We regard it, at present, 
as dependent upon three factors : 1) incomplete development 
or total lack of development of some part or parts of the 
aortic-arch system; 2) different external, mechanical in- 
fluences, which do not allow the blood to pass through some 
portion or portions of the aortic arches-for instance, pres- 
sure of the neighboring tissues or organs, and, 3)  different 
position of all or of a portion of the heart, as, for example, 
of the truncus arteriosus, atria, etc. It is possible that some- 
times two of these' factors or even all of them ma;v operate 
together. The first two factors mentioned above are prob- 
ably the main causes for the appearance of those anomalies 
where the single parts of the dorsal or  descending aortae 
disappear, i.e., do not develop ; for instance, the anomalous 
cases of the right subclavian as the last branch of the aortic 
arch. In  some of these cases Cairney's explanation may be 
the correct one. It must be admitted that, up to the present 
time in the cases described, no anomaly has been explained 
on the basis of the first two factors enumerated ahom by US, 
but this does not preclude the existence of such factors. 
Of course, the possibility of finding direct evidences of the 
influeiice of these factors in the fully developed aortic system 
is very slight, because these factors act during very earl)- 
embryological stages and the traces of their action may 
entirely disappear later on. 

The last of the three factors mentioned above has been 
taken in account by various authors in considering the 
anomalies of the ventral or ascending parts of the aortic 
arches; but here also the possible operation of the first two 
factors must not be neglected. For example, von Baehr 
(Entu~icklniigsgeschichte der Tiere, Tome 11, Konigsberg, 
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1837) wrote : “dass die Stellung der heiden Herxkammcrn 
untf die davon ahhiingige Richtung des Blutstromes das eine 
Mtil vorwaltende Beiiiitziiiig uncl Ausweitung des linken 
vicrten Gefasshogclns hd ing t ,  (]as andere I la l  wieder des 
rwhten.” Rathke (hfiiller’s Archiv, 1843) stated that the 
difference in the development of the aortic-arch system de- 
pended upon the direction of the truncus arteriosus and the 
axis of the heart itself. From this statement one can draw 
the conclusion that, in cases showing the development of a 
right aortic arch, the heart, in early development, must have 
the same position, which is normal for  birds where the fourth 
right arch always gives the normal existing arch. IIolzapfel 
did not give detailed consideration to the question, hut said : 
“ weshalb tler Rlutstrom in eixizelncn Fiillen sich anc1ere Wcge 
ofienliiilt, kanii weder im allgemeinen, nocli im Hpeciellem 
angegcben werdcn. ” Kegel wrote : “die verscllieclciicii Fehl- 
bildnngen a m  Herzeri und den grossen Cefkissen siiid nach 
Ziegler wohl besser als Hemmungsbildungen aufzufassen 
(wie wohl auch mancher Sit. inver. part. eine Solche sein 
tliirfte).” 

I t  seems to u s  that the development of the right aortic 
arch depends mainly upon the position of the axis of the 
tieart. However, when we accept the statement that the 
development of the right or  the left aortic arch is dependent 
iipon the ctircction of the blood stream in connection with the 
tliffercnt positions of the heart, then we must g o  fiirtlier a i d  
ask: Upon what clops tlie position of the 11eiiy.t itself ilepeiitl? 
‘1’0 this question scientists caniiot, as yet, give a clefiiiite 
answer, although certain hvpotheses have bee11 offered. Kegel 
( ’%), in his work “ h e r  Situs inversus totalis,” caonsideretl 
in detail t t i c k  difTerent thcwries explaining the position of the 
heart. Since the presence of a right aortic arch in human is 
really a case of partial sitns inversus, Regel’s statements 
also demand consideration in tlie explanation of such an 
anomaly. Of all the theories discussed by liegel, tlic two 
following appoar to us to be the most acceptable for explain- 
ing a right aortic arch : 1) ‘I’he first theory takep into (WII- 
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sideration the well-known fact that the embryo lies with the 
left side normally toward the yolk sac. Any change from 
this normal position might well induce a corresponding shift 
in the direction of the axis of the heart (von Baehr, Remak, 
Schulz, Dareste, and Ahlfeld). 2) A second theory which 
deserves consideration is that a change in the normal spiral 
turn of the embryo may be accompanied, presumably, by an 
alteration in the direction of the developing heart’s axis 
(D’Alton and Gunther). When, in the future, further in- 
vestigations shall have been made along these lines, it may 
be possible to explain why in mammals the left aortic arch 
develops? in birds the right aortic arch, and in reptiles the 
double aortic arch; we shall also understand the causes of 
some of the aortic anomalies. Furthermore, such investiga- 
tions will give a better basis for estimating the truth repre- 
sented by the diagrams of Ilathke. Cairney wrote in regard 
to this matter: “Reference is made to the recent research 
of Congdon on the developmental changes in the aortic arch 
system in the human embryo, from the study of which it 
appears evident that the classical descriptions of this portion 
of embryology as they appear in most of our standard 
text-books require revision. ” The investigations in this 
direction, it is hoped, will throw further light on the pre- 
oesophageal course of the large blood vessels of the aortic 
arch-a condition existing in certain of the anomalies. We 
are convinced that we shall have a better conception of the 
different anomalies and variations of the aoi’tic arch and its 
branches when, in the future, other cases have hecn described 
with care and exactness. 

I n  conclusion, we wish to mention that the occasional de- 
velopment of the embryologic right fourth aortic arch as the 
adult aortic arch of man or certain other mammals (as rabbit 
or hedgehog) has significance in the discussion of the iso- 
potency of all homologous body parts of the metazoan organ- 
ism. The occasional presence of the right aortic arch in mam- 
mals indicates that the isopotency of this structure, which 
has been in abeyance for many, many thousand years, may 



346 JACOB PRIMBN 

sometimes, under certain circumsfaiices, become active a id  
make possible the development of ail organ functioiially 
normal in all respects. TF7e map even regard this isopotencj--- 
i.e., this latent morphogenetic poteiicy-as not really qui- 
cscciit in such a case, but as developing with the left side of 
tlie body, i.e., with the fourth left aortic arch. Only on tlie 
hasis of the esisteiicc of this isopoteiicy is the possibility 
given of the development of the riglit aortic arch. Accord- 
ing to Lebediiisky, we liavc in tlie righi, aortic arch of mam- 
mals and of mail an  example of the isopoteiicy of the homo- 
typic parts of the body. 

I desire to express my sincere tliaiiks to my teachers, Prof. 
(1. Backmaii, of the University of Latvia, and Prof. Q. Carl 
Huber, of the University of Nirhigan, for their unfailing 
kiiidncss and for  their' Iiclp and advice. 
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P L A T E  1 

PXPLANATIOK OF F I ( : U I ~ S  

1 Anomalous riglit subclavian artery; heart and iria jor wswls, case 1, vcntral 
view ; one-third natural size. Z.C.U.,  left  carotid :irterg; Z.r.m., left recurrent 
laryngeal nerve; Z . S . U . ,  left subclavian artery ; l.v.n., left vngus nerve; T.c.u., 
right carotid artery ; r.s.u., right subclavian artery; ).v.n., right vagus nerve; 
tr . ,  trachea. 

Anomalous right subclavian artery; heart and major vessels, ease 1, dorsal 
view; one-third natural size. h a . ,  left  carotid artery ; Z.r.n., left  recurrent 
laryngeal nerve; Z.s.a., left subclavian artery; Z.v.n., left  ragus nerre;  om., 
oesophagus ; r.c.a., right parotid artery ; r.s.a., riglit subclavian artery; T . T . ~ . ,  

right ragus nerve. 
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PLATE 2 

EXPIANA'PlOS OF FlGU!LES 

3 Riglit aortic arch; 1icsr.t :itid m;ljor vessels, case 2, ventral virw; onr-t!iird 
natural size. Z.e.a., left carotid itrtery ; 2.r.n.: left reuuncnt larynged nerve; 
h a . ,  left subclavian artcry ; I . v . ~ . ,  left vsgus ncrve; Ziy.url., ligamentuni artcri- 
osum; oes., oesophagus ; r.c.a., right carotid artery; r.s.a., right subclavian artery ; 
T.?i.n., right. vagus nerve ; tr.. t,raelie:i. 

Right aortic arc11 ; heart and major vessels, oasr 2 ; oar-third n:i.tiir:rl sin!. 
ka., left carotid artery ; I.+.w., left recurrent laryngeal nerve; I.s.a., left. sub- 
choian :ntery ; I.v:.s., left vagus nerve : ocs., oesophagus : r.r.n., riglit rrciirlnit 
lilvyngcw I n r r w ;  r.v.n., riglit rigiis i i r r w ;  ' IW. ,  w i i i l  anygon. 
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