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THREE FIGURES

Each of the cases of persistent left superior vena cava about
to be described is of special interest from the fact that each
presents an interesting and somewhat rare condition of the
relations of the left superior vena cava to the other venous sys-
tems and to the heart. In the first case there is a persistence of
the primitive venous system—the cardinal veins—without an
apparent attempt at the metamorphosis to the adult condition.
In the second case the left superior vena cava not only has the
usual origin, course, and termination of this vein but also com-
municates by a large oval foramen with the left atrium. The
left superior vena cava in case three terminates in the left superior
pulmonary vein.

Upon reviewing the literature for the reported cases of
double superior vena cava the writer has had the opportunity
to consult the excellent papers on this subject by Marshall
(’50), Gruber (’64), Bauer ('96) and Ancel and Villemin (’08)
from whose publications he has freely drawn for certain cited
cases, for which the original account was inaccessible.

The above mentioned authors have collected and reported
91 cases of persistent left superior vena cava. To this number
the writer will add 29 older and more recent observations. For
convenience they have been placed in tabulated form.
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Summary of reported cases of double superior vena cave

ADULTS Cf_‘{‘lngff NEWBORN | FETUSES UNSII‘,Q’I)SSI' TOTAL

Double superior vena cava

without anastomosis. . ... 17 5 10 19 13
Double superior vena cava

with small anastomosis. ..} 10 p 2
Double superior vena cava

with normal anastomosis 9 3 4 2
Left superior vena cava

without right............ 6 1 3 2
Persistent left superior

vena cava unclassified... . 2 2 2 6

Total.................... 44 7 16 30 23 120
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Fig. 1. The dorsal aspect of the heart and great vessels of an adult female
showing the origin, course and tributaries of the right and the left superior venae
cavae. One-third natural size.

Case 1 was a well nourished female subject of about 35 years of
age. The clinical history was not obtainable. The heart shown in
figure 1 was of normal size. The grooves on the surfaces were well
marked. There were no defects in the interventricular or interatrial
septa. The foramen ovale is completely closed. The systemic
and pulmonary aortae take origin from the base of the heart and fol-
low the normal course of these vessels. The right superior vena cava
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is formed in the usual way by the union of the internal jugular and
subclavian veins. It courses downward in front of the root of the
right lung, to the right and posterior to the ascending aorta and ter-
minates in the superior portion of the right atrium. At about 5 cm.
below its formation the superior vena eava receives the azygos vein
on its posterior wall. The left superior vena cava like the right is
formed by the confluence of the internal jugular and subclavian veins
and courses downward anterior and to the left of the aortic arch, an-
terior to the left pulmonary veins, then passes over the surface of the
left atrium to enter.the coronary sulcus. It courses to the right around
the base of the heart in this groove and terminates in the right atrium
anterior and to the left of the opening of the inferior vena cava. At
about 5 ecm. below its formation it receives the left azygos vein. There
is no cross branch uniting the two superior venae cavae, which are of
equal size.

By referring to the table it will be seen that there have been
64 cases of this type of duplication of the superior vena cava
reported, only -17 of which could be definitely determined as
having been observed in adults. Of the remainder 13 could not
be classified with regard to the age of the subject.

Case 2 was a well developed male subject about 45 years old. The
heart from this subject is very much enlarged. The atria are equal
in volume to the ventricles. The left ventricle shares equally with
the right in forming the anterior surface. The auricles are much
elongated and have fimbriated margins. The aortae have the usual
position and relations. The right superior vena cava is formed as
usual and takes the ordinary course downward to the right atrium.
At about 2.5 cm. below its formation it receives a cross branch (innomi-
nate) from the left superior vena cava. 7 cm. below its formation it
receives the azygos vein.

The left superior vena cava originates from the union of the left
internal jugular and subclavian veins, It passes downward for 2.5
em. where it sends a branch to the right superior cava. Below this
point it becomes reduced to about one-half its former diameter and
courses downward anterior to the left pulmonary artery and left superior
pulmonary vein and onto the surface of the left atrium. Here it becomes
dilated to about four times its former diameter and erosses the surface of
the left atrium to reach the atrio-ventricular groove. It courses in this
groove to the right around the base of the heart and terminates in the
right atrium anterior and to the left of the termination of the inferior
vena cava. At the level of the inferior pulmonary vein in its course
over the surface of the left atrium in the terminal dilated portion of
the left superior vena cava is a large oval foramen, 3.5 cm. in a vertical
diameter and 1.5 em. in a horizontal diameter, which communicates
with the left atrium.
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Although the -duplication of the superior vena cava has been
observed to be relatively frequent in man the writer has been
unable to find a reported case where the left superior vena cava
communicated with the left atrium. However, of interest in
this connection-is the case of Ring (1805), in which the left supe-
rior vena cava terminated in the left atrium together with the
inferior vena cava. Biittner-Weese (1769-1819) described one
case and Breschet (26) two cases where the left superior vena
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Tig. 2. The heart and great vessels of an adult male viewed from the left
and dorsally. It shows the origin and course of the left superior vena cava and
its communication with the right and the left atrium. One-third natural size

cava terminated in the left portion of a common atrium in
the newborn. Martin ('26) states that he saw, in a 1.5 months
old child, the left superior cava ending in the left atrium. There
were also many other disturbances of development. In Gruber’s
(’46) case the left superior vena cava terminated in the highest
portion of the left atrium. Luschka ('62) described the left
superior vena cava in a newborn child that terminated in the
left atrium just anterior to entrance of the left pulmonary veins.
It will be seen that the reported cases of left superior vena cava
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have been observed only in very young infants and in the
majority of them this anomaly was accompanied by other
disturbances of development. It is questionable if Gruber’s
case should be included in this group because this anomaly might
be produced by a union between the left superior pulmonary vein
and the left superior vena cava, the union between the former
and the lung having been lost early.

In this catagory may be included, also, those cases where the
coronary sinus communicated with the left atrium but where
the left primitive anterior veins have passed through the usual
metamorphosis to the adult human condition. Four of these
cases have been reported. Lindner (1787) observed an instance
where the coronary sinus terminated in the left atrium. Jeffray
describes the same condition in the heart of a fetus. Meckel
(1816) reports a similar condition in his text-book. A case was
seen by Bauer (’96) in which he describes very carefully a coro-
nary sinus that communicated with the left atrium by an oval
foramen 14 mm. and 11 mm. in transverse and antero-posterior
diameter respectively. The usual communication between the
coronary sinus and right atrium was completely closed.

Case 3 is a well developed male subject 57 years of age. The heart
as shown in figure 3 i¢ apparently normal. The aortae and the right
superior vena cava have their usual relations. The left superior vena
cava is formed by a very large subclavian vein uniting with a small
internal jugular. It courses obliquely downward and to the right for
3 ecm. where a large branch passes across the mid-line to the right su-
perior cava. Below the point where the branch is given off to the right
side the left superior vena cava is about one-third its original diameter.
After coursing downwards for 4 cm. it terminates in the left superior
pulmonary vein. The pulmonary vein, which appears to be situated
higher in the hilum than usual, is formed by the confluence of three
veins from the upper lobe of the left lung. After coursing downward
and to the right it terminates in the upper part of the posterior wall
of the left atrium. The left inferior pulmonary vein has the usual
course and termination.

The somewhat rare condition of a communication between the
left pulmonary veins and the persistent left superior vena cava
or with a persisting portion of this channel has been reported
eleven times. These cases may be separated into four groups
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according to the portion of the anterior cardinal vein that re-
mains patent and offers a drainage channel for a portion of the
left lung either into the right atrium by way of the innominate
vein or the coronary sinus or as a channel by which a large part
of the venous blood from the upper part of the left side of the
body reaches the left atrium.

In those cases where the left superior vena eava has the usual
origin, course and termination, Wilson (1798) was the first to
report a case where left pulmonary veins terminated in the
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Fig. 3. The heart and great vessels of an adult male viewed from the left
and dorsally. It shows the origin and course of the left superior vena cava and
its termination in the left superior pulmonary vein. One-third natural size.

left superior vena cava. His case was a malformed child. There-
min ('95) described a similar condition in a child two months
old. In the second class of cases the left superior vena cava
has the usual origin of this vein; it courses downward and ter-
minates in the pulmonary vein which terminates as usual. In
these cases there is a well formed coronary sinus. Case 3 as
deseribed in this communication is of this type. Hyrtl (’39)
observed 2 cases, one in a newborn female child the other in a
60-year-old male, where the left superior vena cana joined the
left superior pulmonary vein which terminated as usual in the
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left atrium. Somewhat more recently Revilliod (’89) described
a condition where the upper persisting portion of the anterior
cardinal veins entered the left atrium together with the left
pulmonary veins. This anomaly occurred in a 3 months old
female child.

The third group of cases presents the proximal portion of the
anterior cardinal veins alone persisting and gives the appear-
ance of the coronary sinus originating in the pulmonary veins.
The pulmonary veins have lost the usual connection with the
left atrium. Hickman (’69) states that in a female 28 years of
age the pulmonary veins from the left lung enter the right atrium.
This interesting condition is produced by the union of the pul-
monary veins with the coronary sinus through a persistent por-
tion of the duct of Cuvier. Somewhat more clearly Nabarro
(’03) describes this condition in a 5% months old child. In this
case all of the pulmonary veins opened into the right atrium by
way of a large coronary sinus.

Finally, in the fourth group the persistent portion of the left
anterior cardinal has lost its connection with the left duct of
Cuvier (coronary sinus) which gives the appearance of the pul-
monary veins terminating in the left innominate vein. The pul-
monary veins in these cases have lost the connection with the left
atrium. Blair ('02) claims that a pulmonary vein, normal in
size, originating in the superior lobe of the left lung terminates
in the left innominate vein. Somewhat similar was the case
of Thane ('06) where a superior pulmonary vein entered the left
innominate in an adult. Patterson ("13) discovered a case where
the upper lobe and the superior half of the inferior lobe drained
into the left innominate vein. Niitzel ("14) states that Rams-
botham observed a case where the left superior pulmonary vein
terminated in the left subelavian vein. Johnston (’15) very
clearly deseribes a case where the left superior pulmonary vein
joins the upper persisting portion of the left superior vena cava,
the left superior vena cava terminated in the left innominate
vein and the coronary sinus was completely formed.

Under this general grouping may also be included those cases
reported where there is a communication between the right
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superior pulmonary veins and the normal superior vena cava.
The causative factors are the same in either case. Meckel
(’20) observed the right superior pulmonary vein terminating
in the superior cava in an adult. In his short notes Otto (’30)
shows the pulmonary vein ending in the right atrium. Cooper
(’36) and Chassinat (’36) each describe a case where the right
pulmonary vein ended in the superior cava. Somewhat more
clearly Lambl (’60) describes this abnormality. He reports
the communication of the right pulmonary vein with the right
atrium. Torster (’61) presents in his work on the anomalies
of the human body a note on the origin or the termination of
the pulmonary veins in the superior or the inferior vena cava
without giving the details in these cases. Somewhat indefinitely
Duchek (’62) states that he observed the left superior vena cava
arising in the right superior pulmonary vein, in a male adult.
Gruber (’76) states that he saw the right superior pulmonary
vein communicating with the superior vena cava. Gegen-
bauer ('60) deseribes a case in a 2 year old child where the right
superior pulmonary vein ends in the superior vena cava. Chiari
(’80) observed the abnormal termination of the right pulmonary
vein in the right atrium. Gruber ('80) described a case where
the right pulmonary vein terminated in the superior vena cava
in an adult female. Topley ('82) observed this interesting ab-
normality: in a 20-year old male subject the superior vena cava
is formed as usual; shortly after receiving the azygos vein it
divides into two limbs, the ventral terminating as the ordinary
vena cava superior and the posterior limb, after passing between
the branches of the right pulmonary artery and bronchus, enters
the left atrium. In a case having anomalies of many organs
Epstein ('86) described the right and left pulmonary veins unit-
ing to form a common trunk which courses behind the heart
and terminates in the superior vena cava. Rokitansky ('86)
mentions in hig text-book on pathological anatomy a case of
abnormal termination of the right pulmonary vein in the right
superior cava. He also describes a case where the right pul-
monary veins terminated in the right atrium. In his descrip-
tion of a double superior vena cava Hepburn ('87) has shown
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that the right pulmonary vein opened into the right atrium.
Miura (’89) describes the finding at autopsy on a 6 months
old child the two right and the two left pulmonary veins
united into a small vein on each side and these finally unit-
ing to form a single trunk before terminating in the azygos
vein. The azygos vein communicates with the upper part
of the right atrium. Shepherd (90) observed a case where
the single right pulmonary vein terminated in the azygos vein
just before it arched over the root of the lung. Audry and
Lacroix (’90) mention a case where the right pulmonary veins
joined the right atrial wall. Etlinger (’91) briefly states that
he observed a similar case where the right pulmonary vein en-
tered the right atrium. Ingalls ('07) states that two right
pulmonary veins communicated with the superior cava just
before it terminated in the right atrium in his case. A third
pulmonary vein terminated as usual. Stoeber (’08) reported a
case of ‘cor triatriatum’ where the pulmonary veins from the
right and left lower lobes of the lungs terminated in the left
atrium. The pulmonary veins from the upper lobes terminated
in the right atrium. Schréeder (’11) described a case which
he observed in a 26-day old child where the left superior vena
cava terminates in the left atrium and the right pulmonary veins
communicate with the right innominate vein. Merkel (’12)
has observed a case in a 70-year old male subject in which the
right pulmonary vein communicated with the superior vena
cava and also with the left atrium. Brown (’13) in describing
Doctor Park’s case states that the right pulmonary veins joined
the superior cava. There were no right pulmonary veins that
entered the left atrium. Gerard (’14) interestingly describes
a case where the right superior pulmonary vein entered the
superior cava. Nitzel ("14) also describes a similar condition
observed in a 47-year old subject.

The embryological significance of the persistence of the left
superior vena cava as shown in figure 1 has been so frequently
described that a detailed discussion of this unusual condition
is deemed unnecessary at this time. Case 2, however, in which
in addition to the complete persistence of the left anterior car-
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dinal vein and duct of Cuvier there is a communication be-
tween this venous channel and the left atrium deserves further
consideration. In the text-book of human embryology edited
by Keibel and Mall it is stated that there develops in the early
fetal heart, beside the atrial and ventricular chambers, a third
chamber, known as the sinus venosus. The sinus venosus be-
comes elongated laterally into the right and left sinus horns. The
sinus communicates with the common atrial chamber by a large
oval foramen with its long axis placed transversely. During
the normal course of development the left sinus horn becomes
reduced In size, and finally loses its connection with the left
cardinal vein. At about the same time the left half of the
large oval foramen connecting these two chambers becomes
constriected so that the opening becomes reduced to less than
half its original diameter. The interatrial septum develops
just to the left of this constricted opening. It appears quite
probable that in Case 2 the left sinus horn and the oval fora-
men uniting the sinus venosus and the common atrial chamber
did not undergo the usual changes as very briefly deseribed above
but developed proportionately with these structures on the
right side. With the development of the interatrial septum,
dividing the common atrium into right and left portions, the large
oval foramen uniting the sinus venosus and common atrium,
and which remained undiminished in size, also became divided
into right and left portions and maintained a communication
with the right and left atrial chambers respectively.

In his description of the development of the pulmonary veins
for the cat Brown (’13) has shown in 4.5 mm. embryos and in
his figure 1 that the anlage of the pulmonary veins and the
anterior cardinal veins are connected with an indifferent capil-
lary plexus surrounding the foregut and lung anlage. Undoubt-
edly, then, the communication of the pulmonary veins with
the left superior vena cava as is shown in figure 3 is the per-
sistence of the primary condition described above. In the
writer’s case that portion of the left anterior cardinal vein be-
tween the level of the superior pulmonary vein and the heart
has undergone the usual changes that are found in man. The
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left superior vena cava in this case gives the appearance of ter-
minating directly in the superior pulmonary vein.

In conclusion I beg to thank Mr. Atwell for the execution of
the drawings which were prepared according to the methods
he described in volume 10 of the Anatomical Record.
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