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INTRODUCTION

The purpose of this study was to morphologically
document and compare the origins, courses, and distributions
of the extrinsic cardiac nerves in domestic animals. This
additlonally entailed a re-evaluation of the previous
heterogeneously applied nomenclature and the formulation of
a more useful classification. This was based on the
recommended nomenclature of the Nomina anatomica (1956 and
1961) and the suggestions of Schreiber, Frewein, and Walter
(1963) to the International Commission for Veterinary
Anatomical Nomenclature.

The continued elevation of interest in physiologic and
pathologic cardiology has increased the demand for further
anatomical knowledge of the heart. The morphologic knowledge
of th cardiac innervation is a necessity for the under-
standing of the functions of the heart and other directly or
indirectly related organs of the body. In addition to the
human implications, it is hoped that this study will also
benefit both animal research and clinical veterinary medicine.

The innervation of the human heart is well documented.
Much experimental cardiology, however, has been carried out
with other animals. Traditionally the dog has been used for
many of these studies, but other species may make better
subjects. To apply knowledge gained from these experimental

animals to the human, basic anatomical differences should be



accounted for. This study; therefore, was concerned with

augmenting the already well described accounts on the dog,
with descriptions and comparisons of the cardiac innervation
of the equine, bovine, ovine, caprine, porcine, and feline.

Though the total significance of the neural and hormonal
effects upon the heart have not been recognized, most people
have been aware of some of the consequences which result from
interference with their function. Clinical evaluation of the
cardiac conduction system is no longer restricted to humans.
A better anatomical understanding of this area will benefit
the clinician in interpreting his physiologic findings.

This will facilitate both preventive medicine and treatment,
particularly in gerontologlic patlents.

Considerable strides have been made towards meeting these
needs by investigating and documenting the intrinsic cardiac
innervation. Much less has been accomplished towards this
end in the area of extrinsic cardiac nerves. In the
veterinary anatomical textbooks, only Stromberg (1964) has
reported on the extrinsic cardiac nerves in any detail.

Other texts include i1nadequate descriptions since little work
has been done in this area on other domestic species. The
nomenclature has not been standardized between texts,
resulting in considerable confusion for the readers.

To avoid further confusion this ilnvestigator has chosen
to describe the ganglia of origin for the cardlac nerves as

explained by Wrete (1959). Since he was one of three members



of the subcommittee responsible for the nomenclature of this
area for the Nomina Anatomica (1956), it was felt that his
authorative interpretations would be quite helpful. The pro-
posed nomenclature by Schreiber, Freweln and Walter (1963)
for the Nomina Anatomica Veterinaria also included all the
ganglia considered by Wrete (1959).

Specific cardiac nerves have been related to their
ganglion or nerve of origin, as others have done in the
human. However, differences in the number and origin of
cardiac nerves has necessitated additional and more specific
nomenclature than that used for humans. Because the origins
and courses of the cardiac nerves were found to be similar
within each specles, subclassification of these nerves was
based upon the positional segment of the ganglion or nerve of
origin.

Prior to considering the results or literature review a
short outline of the ganglia of origin for cardiac nerves will
be discussed. Further detalls will be found later, however,
1t is hoped that the following introduction into this area

will expedite further reading.
Thoracic Ganglia (Ganglia thoracica)

Thoracic gangllia were found as independent ganglia in
each of the intercostal spaces from the second, third, or
fourth space caudally along the sympathetic trunk. Individ-

ually they were numbered according to the rib just cranial



fo each. Raml communicantes passed to respective thoracic

spinal nerves at each space. In addition, the thoracic
. Viscera, including the heart, vessels, esophagus, and

respiratory tract, received sympathetic innervation from these

ganglila.
Cervicothoracic Ganglion (Ganglion cervicothoracicum)

This ganglion, in all animals investigated, was composed
of the caudal cervical ganglion and first one to four
thoracic ganglia. It was located on the lateral surface of
the longus collli muscle extending, depending on the speciles,
from just cranial to the first rib to the fourfth rib, caudally.
Rami communicantes extended caudally to at least the fourth
thoracic spinal nerve and cranially by the vertebral nerve as
far as the second cervical spinal nerve. Cervicothoracic
splanchnic nerves in the thorax passed_to the heart, vessels,
esophagus, respiratory tract, pericardium, lymph nodes,
thymus, and to the diaphragm by a communication with the

phrenic nerve.
Intermediate Ganglia (Ganglia intermedia)

This designation was reserved for inconsistent ganglia
situation in the internodal rami, on communicating rami, or
in the main trunks or roots of the spinal nerves, Occaslonally
they were large enough to emit splanchnic branches to the

thoracic organs.



E AR

e P

Vertebral Ganglion (Ganglion vertebrale)

Craniomedial to the vertebral artery the two limbs of
the ansa subclavia Jjolned thilis ganglion. Although, generally,
separate rami communicantes were not present, they may be
found occasionally to the sixth cervical spinal nerve.
Others may reach the cervical spinal nerves through the
phrenic nerve with which it may communicate. Besides vascular
twigs in the lmmediate area, nerves may pass from this
ganglion to the heart, gfeat vessels, respiratory tract,

pericardium, lymph nodes, and thymus.
Middle Cervical Ganglion (Ganglion cervicale medium)

An independent ganglion, meeting the requirements
established by Wrete (1959) was not observed in the majority
of specles. When present it lay cranial to the vertebral
ganglion on the sympathetic trunk at about the level of the
sixth cervical vertebra. Vascular twigs in the immediate

area and to the heart and great vessels were noted.
Cranial Cervical Ganglion (Ganglion cervicale craniale)

Located ventromedial to the tympanic bulla, this gang-
lion may send nerves caudally, but none were found extending
to the heart in the domestic animals studied. Other nerves
from this ganglion followed the arteries to the cranial
region. Some may also pass to the first two or more cervical

Splnal nerves.



For anatomical reasons based on areas supplied and to

facilitate description, the vagus nerves were divided into
two segments. That segment cranial to the origin of the
recurrent laryngeal nerve was cconsidered to be the cranial
portion, and the remaining segment, the caudal portion.
Cardiac nerves arising from each segment retained this
designation, cranial or caudal. As previously described,
names for cardiac nerves arising from specific ganglia were
based on thelr origin.

The cardiac plexus was often a destination for cardiac
nerve branches. Although it commonly has been divided into
several areas it has been found that these areas are
artificial divisions. The plexus was composed of both
sympathetic and parasympathetic fibers interwoven primarily
in the area ventral to the bifurcation of the trachea,
caudal and lateral to the arch of the aorta, and around the
branches of the pulmonary artery at its bifurcation, though
primarily cranial and dorsal. From this area intertwined
nerves extended to both the heart and lung.

With this brief explanation it is hoped that the reader
will more easily assimilate the material presented in this

complex area.
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REVIEW OF THE LITERATURE

Through a review of the literature, an appreciation of
the intense interest in cardiology over the centuries is
readily gained. The evolutlonary progress toward the
anatomical and physiological characterization of the cardiac
nerves in man and animals has been rapid. Though pioneered
in the human much earlier, considerable strides in character-
izing these nerves in animals ogccurred after the middle of
the twentieth century. These investigations have been
centered around the morphological, pathological, and
physiological studies on the dog.

To formulate as complete a study as possible this
investigator felt it was necessary to review not only the
literature directly related to the cardiac innervation of
domestic animals, but to preclude this with the basic human
investigations upon which many of the former were based.

A lag between original research and textbook descriptions
was readily recognized. The number of texts, the incon-
sistency of descriptions, and the complexity of the area
have not permitted consideration of all these detailed
differences in this review. Where possible additional
comparisons will be incorporated in the discussion.

Hippocrates of Cos (340 B.C.) was perhaps the first to
dissect and record anatomical information relative to the

heart and Galen (131 - 200 A.D.) the first to write about



involuntary nerves. However, according to Luisada (1954)

modern cardiology began around 1500 A.D. with the works of
Andreas Vesalius who Kemper (1905) calls the "Father of
Anatomy". In 1543 Vesalius wrote the "Seven Books on the
Structure of the Human Body" in which he dealt with the
innervation of the heart. Another author of this century
Gabriello Fallopius, an Italian anatomlst, recorded his
"Observations Anatomicae" in 1561. He was credited by
Walmsley (1929) with discovering all the cardlac nerves.
Senac (1749) also credited him with first describing the
cardiac plexus.

In the seventeenth century Willis (1664) first described
the sympathetic trunks calling them the intercostal nerves.
The loop now described as the ansa subclavia was described
for the first time by a French physician, Reymond Vieussens
(1685).

The eighteenth century found Winslow (1732) naming the
trunks which Willis found earlier (1664), the sympathetic
trunks. Two additional contributions included Neubauer's
(1772) "Anatomic Description of Cardiac Nerves" and Scarpa's
(1794) "Tables of the Cardiac Nerves'.

Numerous investigations of the many facets of cardilac
innervation ensued in the nineteenth century. Among these
were: the microscopic description of cardiac ganglia for

the first time by Remak (1838, 1839, 1844); the description



of modified cardiac muscle fibers credited with conductive

significance by Purkinje (1845); the exhibiting of a
depressor nerve by Cyon and Ludwig (1866); and the suggestion
of sensory endings in the heart by Berkley (1894). Human
morphologic and functional studies of cardiac innervation

by Miot (1876) and Reynier (1880) were used as the basis for
Paul's (1884) descriptions. During this period animal
investigations of the cardiac innervation were carried out

by Ludwig (1848), Bidder (1852) and Gaskell (1883) on cold
blooded vertebrates. A description of the cardiac nerves

of the dog appeared as early as 1871 by Schmiedeberg. Lim
Boon Keng (1893) was concerned that a fairly complete account
of the macroscoplc anatomy of the cardiac nerves of the dog
did not exist before his publication. Of common concern to
the investigators of this century was the depressor nerve.
This together with other heart nerves was studied in the cat
by Bernhardt (1868), Boehm (1875) and Kazem-Beck (1888)

and in the artiodactyla by Kreidmann (1878), Viti (1884),
Kazem-Beck (1888) and Schumacher (1902).

Since the beginning of the twentieth century, a
voluminous amount of literature has accumulated on the gross,
light microscope, and electron microscope findings regarding
the intrinsic cardiac innervation. Since complete references
in this area were not within the scope of this thesis,

perhaps those interested can refer to Wollard (1926), Tcheng



10

(1949), Hirsch (1963), Wensing (1964, 1965a, b) or Phillips
(1965) for further detail in this phase. Argaud (1911a, b, c¢)
histologically investigated the intracardiac innervation

of the bovine, ovine, equine, porcine, and caprine:
particularly the innervation of the thebesian valve.

Boyd (1941) described the innervation of the ductus arteriosus
in several mammals. Randall (1965) presented a well
documented account of the functional nervous control of the
heart.

In the twentieth century complete morphologic descrip-
tions of the extrinsic cardiac nerves, except in man and
the dog, are still lacking in the English literature and are
sketchy in foreign sources. Perman (1924) reviewed the
latter quite thoroughly.

The necessity for standardization of anatomical
nomenclature was realized quite'early by human anatomists.
In 1895, the first Nomina Anatomica was formulated in Basel,
Switzerland. Since that time this nomenclature has been
reconsidered by the International Congress of Anatomists 1in
Jena, Germany in 1935, in Paris, France in 1955 and in New
York, New York in 1961. A comparison of the nomenclature
relevant to cardiac innervation as listed by Kopsch (1957)
as established at each of these meetings including additions

and changes follows:



Basel (1895)
B.N.A.

GANGLIA
Ganglion cervicale
inferius
Ganglion cervicale

medium

Ganglion cervicale
superlus

Ganglion cardiacum
(Wrisbergi)

. Ganglia thoracalia

NERVES

. N. cardiacus

inferior

N. cardiacus
medius

. N. cardiacus

superior

ik |

Jena (1935)
J.N.A.

Ganglion cervicale
caudale

Ganglion cervicale
medium

Ganglion cervicale
craniale

var, Ganglion

cervicothoracicum
= Ggl. Stellare

Ganglion cardlacum

Ganglia thoracica

N. cardiacus
caudalis

N. cardiacus
medius

N. cardiacus
cranialis

Paris (1955)
P.N.A.

Ganglion
cervicothoracicum
(stellatum)

Ganglion cervicale
medium

Ganglion cervicale
superius

Gangllon
cervicothoracicum
(stellatum)

Ganglion vertebrale
(trunci sympathici)

Ganglia cardiaca

Ganglia thoracica

Ganglia intermedia
(trunci sympathici)

N. cardiacus
cervicalis inferior

N. cardiacus
cervicalis medius

N. cardiacus
cervicalls superior

Nn. cardiaci
thoracici

It should be noted that the 1961 and 1955 Nomina

| LRSS

Anatomica nomenclature in this area was the same. Also, the

World Association of Veterinary Anatomists has published the
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first part of Nomina Anatomica Veterinaria (1963). Schreiber,
Frewein and Walter (1963) representatives for the section on

, the autonomic nervous system have drawn up a list, similar

to that for man, for approval by this Association. The
designation of cranial and caudal in animals, rather than
Superior and inferior, was the only exception to the human
nomenclature of 1955 and 1961. This change was warranted due
to differences in the normal postural relationships between
man and the domestic animals,

Not all investigators in the area of cardiac innervation
have complied with this standardized nomenclature. Many who
did, differed in their designation of a name for a particular
structure. One needed only to survey descriptions of cardiac
nerves and related ganglia in modern human anatomy textbooks
and related perilodical articles to appreciate this fact.

In man the main difficulty seemed to arise in reference
to the cervical sympathetic ganglia. The ganglion immediately
cranial to the subclavian artery was joined caudally with the
cervicothoracic ganglion by the ansa subclavia. Just
cranial to the ganglion immediately cranial to the subclavian
artery, at-about the level of the sixth cervical vertebra,
was another independent, inconstant ganglion. Axford
(1928) referred to these two ganglia as high and low middle
cervical ganglia. Perman (1924), Hardesty (1933), Nonidez

(1939), Luisada (1954), Netter (1962), and Truex and
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Carpenter (1964) recognized only one ganglion in this area
and designated this as the middle cervical ganglion.
Nonidez (1936, 1937a,b) earlier referred to this as the
inferior cervical ganglion. Jonnesco (1923), White ard
Smithwick (1952), Kuntz (1949, 1953), and Durward (1953)
preferred to call the lower ganglion the intermediate
ganglion and the more cranial one the middle cervical ganglion.
Laubmann (1931), Mitchell (1953), Grant (1958), Wrete (1959),
Gardner, Gray, and O'Rahilly (1963), and Davies and Davies
(1964) used the name vertebral ganglion as the preferred
designation for the lower ganglion and reserved the term
middle cervical ganglion for the more cranial ganglion.
Wrete (1959) suggested that this allowed the use of inter-
mediate ganglion for ganglia which may occur along the
sympathetic trunk in the internodal rami, on communicating
rami, or in the main trunks or roots of the spinal nerves.
Those who recognized that two ganglia existed between
the superior cervical ganglion and the cervicothoracic
ganglion on each side, also realized that not infrequently
the middle cervical ganglion may be fused with either the
superior cervical or vertebral ganglion. Wrete (1959)
called these the ganglion cervicale medio-superius and
ganglion medio-vertebrale, respectively. According to
Kuntz (1949, 1953) the middle cervical ganglion was often
absent in man. Grant (1958) indicated that the vertebral and

middle cervical ganglia were both present in about fifty
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per cent of the specimens and that the former was more often
present singly.

Literature concerning the human's cervicothoracic
ganglion was much less complicated. According to Jamieson
(1952) the caudal cervical and first thoracic ganglia were
fused in eighty-two per cent of the cadavers he dissected.
This fusion has resulted in a star shaped ganglion in man;
hence, the less acceptable term stellate ganglion arose.
Mannu (1914) designated the ganglion just cranial to the sub-
clavian artery (vertebral ganglion) as the stellate ganglion
in domestic animals. The term stellate ganglion is being,
unfortunately, still perpetuated in many human and veterinary
anatomy texts in reference to the cervicothoraclc ganglion.
Hardesty (1933) proposed the name gangllon cervicothoracale
for the fused caudal cervical and first two thoracic ganglia.
A modification of this name has gained favorable acceptance
by the Nomina anatomica (1961).

The cardiac nerves in man have quite consistently been
considered as the superior, middle, and inferior cardiac
nerves from the cervical ganglia, and thoracic cardiac
nerves from the thoracic ganglia. Mizeres (1963) however,
thought these should be changed. He proposed the name
cervical cardiac branches of the sympathetic trunk to
replace the superior and middle cervical cardiac nerves. .The

term "cervicothoracic cardiac branches of the sympathetic
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trunk" was preferred over "inferior cervical cardiac nerve'.
In addition, he divided the vagal cardlac branches into cervi-
cal, cervicothoracic, and thoracic cardiac branches. He

noted the omission in the 1961 Nomina anatomica of reference
to branches of the vagus which passed to the heart from within
the thorax. Also, cardiac nerves arising from the sympathetic
trunk were called nerves while those from the vagus were
referred to as branches. He preferred the designation of
cardiac branches instead of cardiac nerves in referring to

all nerves leading fo the heart.

It was of interest to note that the right middle and
Inferior sympathetic cardiac nerves according to Allan (1958)
followed vessels to reach the heart. He noted that in the
presence of an anomalous right subclavian artery these
nerves followed the artery through its aberrant course before
supplying the heart. The course of the vagal nerves was not
affected.

With this background it required little imagination to
visualize what ensued when Veterinary anatomists attempted to
parallel the varied human nomenclature for the cardiac nerves
and related ganglia of domestic animals. To facilitate the
comprehension of the following accounts from previous
authors, the more acceptable nomenclature, as outlined in the
introduction, will follow each ganglion referred to in this

text,

The horse traditionally served as the basic animal for
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veterinary anatomical dissections during the late nineteenth
and early twentieth centuries. However, little detailed
information could be found regarding the cardiac innervation
in this species. Montané and Bourdelle (1913, 1917),
Bourdelle (1920), and Bourdelle and Bressou (1938 and 1953)
omitted reference to the cardiac innervation. Schmaltz
(1911 and 1927) failed to illustrate the course of specific
heart nerves in his atlas. Koch (1965) omitted the descrip-
tion of the cardiac nerves in all species of domestic animals.
Chauveau (1905), in the horse, described .cardiac nerves
arising from the middle cervical (vertebral) ganglia,
inferior cervical (cervicothoracic) ganglia, pneumogastric
trunks, cervical sympathetic cords, and spinal medullary
fibers. On the left side, two nerves arose from the middle
cervical (vertebral) ganglion and disappeared on the vessels
arising from the brachial artery. Another arose from this
ganglion, and joined the spinal medullary fibers, rami from the
sympathetic trunk, and fllaments from the left pneumogastric.
Together, these passed to the great vessels and the ventri-
cles, On the right side two principal and four secondary
nerves were described. The first principal nerve arose from
the right middle cervical (vertebral) ganglion. It received
branches from the inferior cervical (cervicothoracic) ganglion
and sometimes from the second middle cervical (left vertebral?)

ganglion and passed to the heart where it mlixed with the
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left cardiac nerves. The second principal right cardiac
nerve arcse from the pneumogastric and passed to the left
ventricle and roof of the auricles. The four secondary
nerves arose from the right pneumogastric trunk and passed
to the large vessels and walls of the heart. No cardiac
nerves were mentioned from the thoracic ganglia or recurrent
laryngeal nerves. He referred to the cranial cervical
ganglion also as the guttural ganglion.

McFadyean (1903, 1922) referred to the stellate, greyish,
middle cervical tvertebral) ganglia, inferior cervical
(cervicothoracic) ganglia, and vagal trunks as giving cardiac
nerves in the horse. On the left he described two nerves
arising from the middle cervical (vertebral) ganglion. One
goes to the arteries and the medlastinum. The other, by one
branch, passed to the left auricle and along the right
coronary artery, and by a second branch along the left
coronary artery. Cardiac nerves from the left inferior
cervical (cervicothoracic) ganglion passed to the left
auricle. No vagal or thoracic cardiac nerves were noted on
this side. On the right side a large nerve from the middle
cervical ganglion accompanied the right vagus, caudally, to
the ventral face of the trachea. Here it left the vagus,
passed to the left, caudal to the aorta, and continued along
the right coronary artery. A nerve from the inferior
cervical (cervicothoracic) ganglion joined the nerve just

described. Right vagal nerves passed to the right auricle.
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Communications between the cardiac nerves and the recurrent
laryngeal nerves were also noted.

Mannu (1914) investigated the cardiac nerves from their
origin to the cardiac plexus in the equine, bovine, ovine,
caprine, canine, and feline., He described three cérvical
ganglia in all species. These were the superior cervical
(cranial cervical), middle cervical (vertebral), and inferior
cervical (cervicothoracic) ganglia. He noted the fusion of
the latter ganglion with the first thoracic ganglion in the
majority of his specimens in each species. The middle
cervical (vertebral) ganglion was called the stellate ganglion.
One divided or two separate cardiac nerves were reported
from the left middle cervical (vertebral) ganglion passing to
the great vessels and cardlac plexus. Two nerves arose from
the homologous ganglion on the right and proceeded to the
same areas. One nerve arose from each inferior cervical
(cervicothoracic) ganglion and entered the cardiac plexus.

Connections between sympathetic nerves, the vagl, and
recurrent laryngeal nerves were also noted.

Bradley (1922) noted the confluence of the caudal
cervical and first thoracic ganglion in the horse. He
omitted reference, however, to any ganglia between the
cranial and caudal cervical ganglia in either the book on
the thorax and abdomen (1922) or the book on the head and
neck (1923). He did not describe the origin or course

of the cardiac nerves, but ilndicated that branches
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from the recurrent laryngeal nerves, sympathetic ganglia, and
vagl all passed to the cardiac plexus.

Hopkins (1937) included a more accurate description of
the cardiac 1lnnervation of the horse than is found in other
textbooks. He noted that the cervical sympathetic ganglia
at the base of the neck (vertebral ganglia) had been variously
designated as inferior, posterior, middle, or caudal cervical
ganglia. He chose the latter for his descriptions. On the
lef't he noted that a blending of this ganglion with the first
thoracic commonly occurred. Three cardiac nerves arose from
the left side. One from the caudal cervical (vertebral)
ganglion passed to the pericardial mediastinum and great
vessels. Another from this ganglion Jjoined by two vagal
branches passed to the left atrium and the great vessels in
the vicinity of the ligamentum arteriosum. A second branch
of this nerve continued between the pulmonary artery and
aorta to the right ventricle. Sometimes another branch
passed to the left coronary groove. The remaining nerve
also arose from the caudal cervical (vertebral) ganglion.

It Joined a right cardiac nerve to the right of the aorta,
returned to the left side caudal to the aorta, and entered
the left coronary groove. It ramified on both ventricles.

On the right side, two principal and one or more small
cardiac nerves were observed. One principal nerve arose

from the right caudal cervical (vertebral) ganglion and
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Joined the left nerve Jjust described. The other principal
cardlac nerve arose from the flrst thoracic ganglion and

« Joined the vagus near the origin of the right recurrent
laryngeal nerve. From this area one or more cardlac nerves
were distributed to the atria. In one specimen he noted a
nerve from the first thoracic (cervicothoracic) ganglion
passing caudally, ventral to the longus collimuscle. This
dropped ventrally into the plexus at the base of the heart.
No cardiac nerves were noted arising caudal to the first
thoracic gangllion.

Ellenberger and Baum (1943) reported the presence of
the anterior (cranial) and posterior (caudal) cervical
ganglia in the neck of the horse. Additlonal middle cervical
(vertebral) ganglia were found in the cow, dog, and pig.

In the horse these ganglia generally jolned the posterior
(caudal) cervical and first one to three thoracic ganglia

to form the cervicothoracic ganglion. It was noted that
according to its form this was called the ganglion stellatum.
The cardiac nerves of the horse were not described.

Bruni and Zimmerl (1951) considered the middle cervical
(vertebral) ganglion an anterior continuation of the caudal
cervical ganglion when the latter was double. A cardiac
branch arose from the cranial part of the caudal cervical
ganglion or middle cervical (vertebral) ganglion when the
latter was present. Another arose from the posterior portion

of the caudal cervical ganglion. From the left side two or ]
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three cardiac nerves originated from the vagus, but were

fewer in number and thinner than on the right. No explanation
of their courses or distributions, other than to the cardiac
plexus, was noted.

Sisson and Grossman (1953) described the blending of
the posterior cervical (caudal cervical) ganglion and first
thoracic ganglion in the horse to form the ganglion stellatum.
The middle cervical (vertebral) ganglion was noted in some
cases. Three left and two right cardiac nerves were noted
arising from the-caudal cervical ganglia, first thoracic
ganglia and vagal trunks. The descriptions of the distri-
bution of these nerves followed that described earlier by
Hopkins (1937).

Rooney (1956) recognized the blending of the caudal
cervical and first thoracic ganglia in the horse, but
reversed the order of the name applied and called them the
thoraco-cervical ganglia. Nerves from these ganglia and from
the vagl anastomosed with similar nerves on the opposite
side and passed to the heart.

Usenik (1957) referred to the caudal cervical and
first thoracic, whether fused or unfused, as the stellate
ganglion in the horse. A ramus communicans to the second
thoracic nerve was noted. The vertebral ganglion was called
the intermediate ganglion. From this ganglion two or three
cardiac nerves were reported passing to the heart. In two

cases he found no cardiac nerves from this ganglion on the
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right side. From the stellate ganglia one nerve on the right
and one or two on the left passed to the heart.

Akaevskii (1962) included the cranial, middle (vertebral),
and caudal cervical ganglia in his descripﬁions of the
cervical sympathetic trunk. The latter are described as
incorporated into the stellate or cervicothoracic ganglia.
The accellerantes cordis nerve arose from the stellate
(cervicothoracic) ganglia and passed to the heart. From the
vagl, depressor cordis nerves passed to the heart. Further
descriptions of these nerves werenot included.. Tagand and
Barone (1964), in the horse, regarded the vertebral ganglion
on both sides as the ganglion stellaire (ventral part).

The caudal cervical ganglion was considered separate from
the first thoracic and was called the ganglion stellaire
(dorsal part). Cardiac rami were noted from the ventral
parts of the stellaire ganglia, the vagil, the left first
thoracic ganglion and right first and third thoracic
ganglia. Coronary nerves from both sides were illustrated
following the coronary arteries, however, only a very super-
ficial description of their course and distribution was
noted. -

Most authors recognized the presence of three cervical
ganglia in the horse. Generally a blending of the latter
one or two ganglia was noted with the first thoracic ganglia.
Those reporting cardiac nerves often noted their origin from

the caudal two cervical ganglia and the vagi. On the left
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side, from one to three nerves were observed, while on the
right two or three were generally noted. Thelr courses and
distributions were variously and quite superficially described.
Further consideration to the differences will be noted in
the discussion,

Investigations on the cardiac innervation of the
artiodactyla, before the study of Wolhynski, F. A, (1928)
in the bovine, were concerned primarily with the depressor
nerve., Perman (1924) reviewed this literature in the calf,
sheep, goat, and sﬁine. He also dissected eleven calves, one
sheep, and one goat. The superior cervical (cranial cervi-
cal), middle cervical (vertebral), stellate (cervicothoracic),
and thoracic ganglia were noted as giving heart nerves in his
investigation. In the bovine, from the left side, nerves
from the stellate (cervicothoracic) ganglion formed a trunk
which supplied the large arteries and the ventral walls of the
right ventricle. A left vagal nerve passed to the aorta and
ductus Botalli (ductus arteriosus). Left thoracic nerves
between the third and sixth ganglia joined to pass onto the
dorsal walls of both ventricles and the lateral part of the
left ventricle. On the right side one nerve from the
stellate (cervicothoracic) ganglion extended to the right
auricle. Other nerves from this ganglion joined the right
vagal and right recurrent branches forming a large trunk.
This passed to the ventral part of the left ventricle and,

in one case, also to this surface of the right ventricle.
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Lastly, another nerve from this ganglion Jjoined branches from
the third or fourth thoracic ganglia and followed the wvena
azygos to the right ventricle. One nerve arose from the
vagus at the level of the hilus of the 1ung-and passed to
the right auricle.

In the goat a nerve from the right stellate (cervico-
thoracic) ganglion and another from the right vagus passed
to the anterior longitudinal furrow. No nerves were observed
arising from the right third or fourth thoracic ganglia and
passing to the heart. Other heart nerves were described as
corresponding to those 1n the calf.

In the sheep Perman (1924) found the innervation much
like that of the cow and goat. Exceptions included no vagal
nerves to the heart other than one to the aorta and ductus
Botalli (ductus arteriosum).

An important previous work that Perman omitted was by
Mannu (1914). He noted the same number and location for
cervical ganglia giving nerves to the heart of the artio-
dactyla as did Perman (1924). 1In the bovine a large nerve
from the middle cervical (vertebral) ganglion joined a nerve
from the inferior cervical (cervicothoracic) ganglion and
passed to the cardiac plexus. Two cardiac nerves were des-
cribed as originating from the posterior cervical (cervi-
cothoracic) ganglion on each side. In the caprine the only
cardiac nerve described originated from the inferior

cervical (cervicothoracic) ganglion. In the ovine only two
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cardiac nerves were observed. Each arose from the middle
cervical (vertebral) ganglion.

Kazem-Beck (1888), though primarily concerned with the
depressor nerve, included in hils investigation a description
of the other cardiac nerves. Apparently hls description has
been the only morphologic investigation recorded in the
porcine in this area. He described the depressor nerve
enclosed in the vagus nerve in the cervical region. He
noted a large number of nerves to the anterior ventricular
surfaces which arﬁse from the inferior cervical (vertebral)
ganglion, first thoracic ganglion, vagus, and right recurrent
nerve, Behind the aorta, nerve bundles divided and extended
onto the ventricular surfaces and auricles from the coronary
grooves. Left vagal and sympathetic nerves primarily
supplied the posterior surfaces of the ventricles and auricles.
Further detail was not supplied.

Wolhynski, F. A. (1928) described nerves to six areas on
the heart. These included the anterior left longitudinal
plexus, anterior right longitudinal plexus, posterior left
longitudinal plexus, posterior right longitudinal plexus,
anterior atrial plexus, and sinus plexus of Halleri. From
these areas he traced nerves which originated in the inferior
cervical (vertebral) ganglia, stellate (cervicothoracic)
ganglia and thoracic ganglia as far caudal as at least the
8ixth ganglion. No cardiac nerves were found originating

from the inferior cervical (vertebral) ganglia. The largest
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branch from the left sympathetics originated from the caudal
pole of the left stellate (cervicothoracic) ganglion, passed
.caudally to the right of the aorta, joined with a nerve from
the left vagus, returned to the left side éaudal to the aorta,
and descended in the left longitudinal sulcus. Another nerve
from this ganglion passed on the left side of the brachio-
cephalic artery to the anterior portions of the atria. Three
or four remaining nerves from the left stellate (cervico-
thoracic) ganglion continued ventrally on the anterior surface
of the brachiocephalic artery and aorta and ramified on the
right ventricle. A branch from the left vagus also Joined
these nerves, Thoracic cardiac nerves from the left side
followed the vena hemiazygos to the left auricle and ventricle,
From the right stellate (cervicothoracic) ganglion two cardiac
nerves passed along the cranial surface of the aorta to the
right ventricle. Fine nerves from the caudal part of this
ganglion, together with right thoraclc and right vagal nerves,
followed the vena azygos to the right side of the atria and
ventricles. An additional ganglion was found on the vena
azygos which he referred to as Wrisberg's ganglion. Some of
the right sympathetic nerves passing along the vena azygos
passed through this ganglion. According to Hardesty (1933)
the cardiac ganglion (ganglion of Wrisberg) lay in the cardiac
plexus on the right side of the ligamentum arteriosum.

Mizeres (1963) placed this inconstantly occurring ganglion

between the arch of the aorta and pulmonary trunk.
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Ionescu and Enachescu (1928) described thoracic cardiac
nerves arising from both sides in the bovine, but only on
the left side in the sheep. On the right side only one nerve
was found. It originated from the second, third, or fourth
ganglion and passed to the right atrium. Three or four
thick cardiac nerve trunks were formed by numerous nerves
originating from the second through sixth left thoracic
ganglia. These supplied the posterior wall of the left
atrium as they crossed it and then the wall of the left
ventricle, and soﬁetimes the right ventricle from the
coronary groove and anterior longitudinal sulcus.

Ellenberger and Baum (1943) described the anterior
(cranial) cervical ganglion, middle (vertebral) ganglion,
and posterior (caudal) cervical ganglion in the cervical
region of the artiodactyla. The posterior cervical fused
with  the first thoracic in the bovine and caprine, but not
in the sheep. In the bovine a large middle cardiac nerve
Jolned the posterior cardiac nerve and ended in the cardiac
plexus. The cardiac nerves were not described in the ovine,
caprine, or porcine.

Sisson and Grossman (1953) referred neither to the cardiac
nerves nor their ganglia of origin in artiodactyla.

Waltes (1957) traced cardiac nerves in the sheep with
electrical stimulation. He showed that cardiac nerves arose
as far caudally as the sixth thoracic ganglion. On each side,

in addition to thoracic ganglia, he noted the stellate
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(cervicothoracic) ganglion, middle cervical (vertebral)
ganglion B, middle cervical (middle cervical) ganglion A,
and superior cervical ganglion. JSome impulses were traced
from the right stellate (cervicothoracic) ganglion cranially
to a point just caudal to the right middle cervical (middle
cervical) ganglion (A) where they turned and passed to the
heart. Cardio-accelerator fibers occurring in the right
vagosympathetic trunk were reported as originating from the
thoracic sympathetic outflow not from more cranial segments.
Specific anatomical descriptions of the cardiac nerves were
not within the scope of his investigation, however, the sche-
matic illustrations he presented were anatomically similar
to some of my findings.

McLeod (1958) listed the cervical ganglia of the bovine
as anterior (cranial), middle (vertebral), and posterior
(caudal). The latter could be fused with the first thoracic
to form the stellate ganglion. The middle could be absent
or fused with the stellate (cervicothoracic) ganglion. One
cardiac nerves passed from each stellate ganglion to the
base of the heart. Nerves passing to the heart were also
noted from the third to sixth thoracic ganglia and the
vagus nerves.

Habel (1964) omitted the description of the cardiac
nerves in the domestic ruminants.

May (1964) in the sheep noted the presence of cardiac

nerves from the first through third thoracic ganglia on the



ety e T S e e RS IR S o S B

Sty

S At A v o AT

29

right and through the fourth ganglion on the left. He
described the first thoracic and caudal cervical ganglia as
being five to seven centimeters apart. The latter was located
cranial to the thorax. No cardiac branches were noted from
the caudal cervical ganglion. One was observed on each side
arising from the vagal trunks.

In the carnivores, several investigations have been
undertaken on the cardiac innervation; however, few anatomical
textbooks included detailed descriptions. Chauveau (1905),
Harrison (1948), Eruni and Zimmerl (1951), Bourdelle and
Bressou (1953), Breland (1953), Sisson and Grossman (1953),
Akaevskii (1962) and Koch (1965) disregarded the cardilac
innervation of the cat.

Of the preceding, only Sisson and Grossman (1953)
mentioned cardiac nerves in the dog. Related ganglia included
the posterior cervical (vertebral) ganglia, and first thoracic
(cervicothoracic) ganglia. Two or three cardiac nerves
proceeded from these ganglia on the left side to the cardiac
plexus. One or two right cardiac nerves arose from the vagus
and another from the first thoracic ganglion and passed to
the cardiac plexus.

Ellenberger and Baum (1943) noted cardiac nerves in both
the dog and cat. They arose from the middle cervical (verte-
bral) ganglia and the cervicothoracic ganglia. The latter,

in these two animals, included the caudal cervical ganglion
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and first two or three thoracic ganglia on each side.

Cardiac nerves were also described as arising from the vagi
,and at least as far caudal as the fourth thoracic ganglia.

A description of their numbers, courses, aﬁd destinations was
not presented. An illustration from Schurawlew (1928) was
included, however.

In the periodical literature, much of the investigations
before Perman (1924), concerned the depressor nerve. He
reviewed this literature.

Lim Boon Keng (1893) provided the first comprehensive
morphological description of cardiac nerves in the dog. He
described one cardiac nerve from each cervical ganglion.
These ganglia included the superior (cranial) cervical,
middle cervical (vertebral), and inferior cervical ganglia.
He noted the fusion of the latter with the first one or two
thoracic on each side to form the ganglion stellatum
(cervicothoracic ganglion). Cardiac branches were also
noted from the recurrent laryngeal nerves and the vagi.

The auricles and ventricles of each side were partly supplied
by cardiac nerves from the same side. The median half of

the auricles and ventricles were supplied by opposite sides.
No separate depressor nerve was noted in the dog.

Mannu (1914) reported the cardiac nerves of one dog
and one cat. In the dog he found a thin middle cardiac

nerve from the middle cervical (vertebral) ganglion which
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passed to the cardiac plexus. No cardiac nerves were noted
from the combined inferior (caudal) cervical and the first
two thoracic ganglia. In the cat no right middle cervical
(vertebral) ganglion was noted. An inferior cardiac nerve
(though a typographical error makes it read otherwise)
arose from the combined inferior (caudal) cervical and
first thoraclc ganglila.

Perman (1924) referred to the same ganglia as Lim Boon
Keng (1893). In the dog he noted on the right a single
branch derived from the ansa Vieusseni (ansa subclavia),
vagus, middle cervical (vertebral) ganglion, and stellate
(cervicothoracic) ganglion. These united nerves joined
smaller branches from the left recurrent laryngeal nerve and
left middle cervical (vertebral) nerve and passed to the right
and left ventricles. From the left a branch from the vagus
arose cranial to the middle cervical (vertebral) ganglion,
united with a nerve from this ganglion, and passed between
the aorta and pulmonary artery to the right ventricle. One
or two large branches from the left middle cervical (verte-
bral) and left stellate (cervicothoracic) ganglia joined a
branch of the left vagus and then a branch of the left
ecurrent laryngeal nerve and passed to the anterior
longitudinal sulcus. The left atrium was supplied by the left
Stellate (cervicothoracic) ganglion and the left vagus. Two

branches from the right vagus arose between the origin of
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the right recurrent laryngeal nerve and the hilus of the
lung and passed to the lateral wall of the right atrium.

In the cat, Perman (1924) reported the same ganglia
as in the dog. On the left the depressorvnerve Jjoined a
branch of the middle cervical (vertebral) ganglion and one or
two vagal branches and passed between the aorta and pulmonary
artery and joined a nerve from the right side. They passed
to the wall of the right ventricle. On the right side the
depressor nerve Jjoined nerves from the middle cervical
(vertebral) and stellate (cervicothoracic) ganglia and
passed to the ventral walls of the ventricles as in the dog.
The supply to the atria was as described for the dog.

Ionescu and Enachescu (1928) were concerned only with
thoracic cardiac nerves. In the dog they described thoracic
cardiac nerves which arose between the second and fifth
thoracic ganglia on the right and from the third ganglion
on the left. They passed to the right and left atria
respectively.

Anufriew (1928) described the cardiac innervation ex-
tending to six areas of the cardiac plexus as had Wolhynski,
F. A. (1928) in the calf. On the left, nerves passed from
the stellate (cervicothoracic) ganglion, thoracic ganglia,
and left vagus to the caudal portion of the left auricle and
onto the left ventricle. The left depressor nerve sent
branches to the aorta, pulmonary artery, and into the

anterior longitudinal sulcus. A nerve from the right
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stellate (cervicothoracic) ganglion together with a branch
from the right recurrent laryngeal nerve coursed around the
caudal border of the aorta and down the anterior longitudinal
sulcus supplying both ventricles. Another branch proceeded
between the aorta and pulmonary artery to the right ventricle.
Other nerves from the right stellate (cervicothoracic)
ganglion and right vagus passed to the anterior portions of
the atria,

Schurawlew (1928), -in the dog, used the same method
and description as Anufriew (1928) and Wolhynski, F. A.
(1928) for describing the nerves to areas of the cardiac
plexus. On the left side, nerves from the second and third
thoraclec ganglia, stellate (cervicothoracic) ganglion,
inferior cervical (vertebral) ganglion, and left vagus nerve
passed over the posterilior border of the left auricle supplying
this and the left ventricle., Other nerves from the left
inferior cervical (vertebral) ganglion with vagal branches
rassed on either side of the pulmonary artery to the
ventricles, On the right side, nerves from the inferior
cervical (vertebral) ganglion and vagus passed to the right
ventricle, Othersof these nerves together with a nerve from
the stellate ganglion passed to the anterior portions of the
atria,

Nonidez (1939), aware of the previous two articles,
conducted a histologic study in dogs and cats, with differ-

ential staining, to ascertain the components of the cardiac
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nerves and the areas they supplied.

He found that the superior cardiosympathetic nerve
‘arose from the middle cervical (vertebral) ganglion, and
passed to the aorta. It sometimes carriedrnerves from this
ganglion to the cardiac plexus or to the anterior walls of
the atria.

The largest nerve arising from the middle cervical
(vertebral) ganglion in the dog was distributed to the
ventricles. On the left it followed the left coronary artery.
The right nerve passed to the origin of the coronary arteries
and then to the anterior surface of the left ventricle and to
the right ventricle. The middle cervical (vertebral) ganglion
in the cat was too small to emit this large nerve, Instead
it arose from the stellate (cervioothoracic) ganglion or ansa
subclavia and passed to the same areas as in the dog.

The inferior cardiosympathetic nerve arose from the
stellate (cervicothoracic) ganglion. It was inconstant in
the dog on the left and absent on the right. When present it
commonly joined the large accelerator nerve from the middle
cervical (vertebral) ganglion. In the cat several nerves
arose from the right stellate (cervicothoracic) ganglion, but
only one from the left. Most passed to the ventricles. The
presence of thoracic cardiosympathetic nerves, was based
mostly on the work of previous authors. Left nerves were

better developed than right ones.



35

One cardiovagal nerve was observed on each side in the
dog. The left nerve arose at the level of the middle
cervical (vertebral) ganglion, which it received fibers from,
and passed to the aorta, subclavian artery, and pulmonary
bifurcation. In the cat it arose from above the middle
cervical (vertebral) ganglion. Its distribution was similar
to that of the dog. It has often been referred to as the
depressor nerve, On the right the cardiovagal nerve joined
the large middle cervical (vertebral) cardiac nerve and
passed with it to-the heart. In the cat the nerve left the
vagus at the level of the tracheal bifurcation and passed to
the right atrium between the venae cavae. Other nerves to the
heart were noted from the recurrent laryngeal nerves,

Saccomanno (1943) conducted an investigation of the
nerves to the heart of the cat by both degeneration and
grossly stained dissection. He was able to follow these
nerves only to the cardiac plexus. His descriptions included
one cardiac nerve which arose from the middle cervical
(vertebral) ganglion. The stellate (cervicothoracic) ganglion
was described as the fused inferior (caudal) cervical ganglion
with the first one to three thoracic ganglia. He agreed with
the work of Anufriew (1928) on the other cervical sympathetic
cardiac nerves of the cat; however, he indicated that
Anufriew's (1928) descriptions were incomplete. From the

cranial eight thoracic ganglia Saccomanno found an average
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of 20.2 nerves from the right thoracilc ecranial and 20.1 from
the left. Five to seven on each side were illustrated as
reaching the cardiac plexus.

Cardiac nerves arising from the recurrent laryngeal
nerves in the cat were rarely mentioned. Verity, Hughes
and Bevan (1965) indicated that the right recurrent cardiac
nerve contributed the major efferent and afferent innervations
to the bifurcation and extra pulmonary portion of the pulmonary
artery.

Investigations on the extrinsic cardiac innervation of
the dog, following Nonidez (1939), were continued by Greenberg
(1956) and by Mizeres (1955a, b, 1957, 1958).

The most complete textbook description of the cardiac
innervation of any domestic animal was summed up by Stromberg
(1964) in the dog. Most of his descriptions were derived
from Mizeres (1955a, b, 1957, 1958); however, he referred to
Greenberg (1954, 1956), and Nonidez (1939) for supplementa-
tion. Before describing the nerves, a quick review of the
confusion about these ganglia in the dog was necessary.
Nonidez (1939) refuted earlier reference to the ganglion
located just anterior to the vertebral artery, as the caudal
cervical ganglion and stated it should be called the middle
cervical ganglion. Stromberg (1964) and Foust and Getty
(1960) indicated that this ganglion, which they called the

caudal cervical ganglion, was homologous to the middle
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cervical ganglion of man. Mizeres (1955a) and Greenberg
(1956) agreed that it was synonymous with the human inter-
mediate or vertebral ganglion rather than the middle cervical
ganglion. Previously 1n this review this author noted the
preference for the designation of vertebral ganglion to comply
with standardized nomenclature. The ganglion considered
homologous to the caudal cervical ganglion of man is considered
by all the investigators of the dog just mentioned as included
in a fusion with the first one to three thoracic ganglia.
Modified from Stromberg and drawing from the original
investigations of Mizeres (1955a, b, 1957, 1958, 1963),
Greenberg (1956), Nonidez (1939) and other previously listed
workers on the cardiac innervation of the dog, the following
summarization of the nomenclature, origins and distributions
were derived. The first name wlll be the one this investi-
gatdr has found to best .compare with the results of this
present investigation..
Left Side
1. Thoracic cardiac nerves
Origin - the second and third left thoracic ganglia.
Distribution - not described by most - aorta and
cardlac plexus.
2. Cervicothoracic cardiac nerve (stellate cardiac
nerve, caudal or inferlor cardiosympathetic nerve,

inferior cervical sympathetic cardiac nerve).
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Origin - left cervicothoracic ganglion and/or ansa

subclavia.

Distribution - the cardiac plexus and left dorsal
ventricular wall,

Vertebral cardiac nerves

a) Caudolateral vertebral cardiac nerve (ventro-
lateral cervical cardiac nerve, middle
cardiosympathetic nerve, left accelerator nerve,
left middle cervical sympathetic cardiac nerve).

Origin - the left vertebral ganglion.

Distribution - the cardiac plexus, along the
coronary arteries, atrial walls, left
dorsal ventricular wall.

b) Caudomedial vertebral cardiac nerve (ventro-
medial cervical cardiac nerve, left cranial
cardiosympathetic nerve, superlor cardio-
sympathetic nerve, superlor cervical sympathetic
cardiac nerve).

Origin - the left vertebral ganglion and Joined by

a branch from the left vagus arising anterior

i to this ganglion.

Distribution - the ventral aortic arch, pulmonary
artery, cardlac plexus, dorsal atrial
walls, and along the coronary

arteries.
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¢) Craniomedial vertebral cardiac nerve (Brachio-
cephalic nerve, Innominate nerve).
Origin - the left vertebral ganglion.
Distribution - the Brachiocephalic artery and aortic
arch.
d) Dorsal vertebral cardiac nerve (Dorsal cervical
cardiac nerve).
Origin - the left vertebral ganglion.
Distribution - Aortic arch, descending aorta, cardiac
plexus, dorsal atrial walls, along the

coronary arteries.

4, Cranial vagal cardiac nerves
Origin - left vagus.
Distribution - Cardiac plexus, along the coronary
arteries,
5. Caudal vagal cardiac nerves
Origin - left Vagus.
Distribution - cardiac plexus, along the coronary
arterles.
Right Side
l. Thoracic cardiac nerves

Origin - the second, third, and fourth right thoracic
ganglia when reported.
Distribution - lateral surface of the right atrium.

Cervicothoracic cardlac nerves (stellate cardiac
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nerve, caudal or inferior cardiosympathetic nerve,

inferior cervical sympathetic cardiac nerve).

Origin - right cervicothoracic ganglion and/or ansa
subclavia.

Distribution - cardiac plexus, dorsal and ventral
walls of the right atrium, right
ventricle, left longitudinal sulcus.

Vertebral cardiac nerve (right brachiocephalic nerve,

Innominate nerve, superior cardiosympathetic nerve,

superior cervical cardiac nerve).

Origin - right vertebral ganglion.

Distribution - Brachiocephalic artery, aorta, cardiac
plexus, and anterior walls of the
atria, left longitudinal sulcus, right
ventricle.

Recurrent cardiac nerve (middle cardiosympathetic

nerve, middle cervical cardiac nerve).

Origin - right recurrent laryngeal nerve. Other
nerves Joined it from the right vertebral
ganglion, right vagus, and left recurrent

- laryngeal nerve,

Distribution - the cardiac plexus, along the coronary
arterlies to the ventricles, and the
right dorsal atrial wall.

Cranial vagal cardiac nerves
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Origin - the right vagus.

Distribution - the cardiac plexus, right dorsal
atrial wall and along the coronary
arteries,

6. Caudal vagal cardiac nerves

Origin - the right wvagus.

Distribution - cardiac plexus, right dorsal atrial
wall, along the coronary arteries.

It should be emphasized that the foregoing synopsis of
the investigationé of cardiac innervation of the dog, which
were reported by previous authors, was not the complete
innervation for this species. Though similar, it was not
compatible for the descriptions in other species either.
Therefore, the uncomplicated method of describing these nerves
by their origin from each ganglion or nerve has been employed.
These ganglia and their locations were listed in the intro-
duction,

Although a great amount has been written about the
cardlac innervation in the last three centuries it seemed
remarkable that this area in domestic animals had not been
more thoroughly documented anatomically. Of the domestic
animals, only the canine was documented in detail. Other
Species must be well documented morphologically to be useful
for the advancement of science. It is hoped that this study

Will contribute towards this end.
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MATERTALS AND METHODS

Forty embalmed specimens were observed in this study
kfive equine, five bovine, five ovine, five caprine, filve
porcine, five canine and ten feline). Each specimen was
embalmed with a scolution consisting of sixty percent alcohol,

four percent formaldehyde, six percent phenol, two and one-

half percent corn syrup (50% water) and twenty seven and one-

half percent water. Additlonally, in some specimens injection

of latex in the arteries and veins facilitated dissection of
the nerves. Though the staining techniques empioyed by
Perman (1924) and by Saccomanno (1943) in their dissections
of heart nerves were tried, this investigator preferred
unstained, well embalmed cadavers.

On each specimen the thorax and neck were separated
from the remainder of the body. The head was also retained
in at least one specimen in each species. The ribs were
removed near their vertebral articulations with a Stryker
aufopsy saw, exposing the thoracic cavity. Bone cutting
forceps, scissors, scalpels and retractors were helpful in
further preparing the areas of observation. This included
exposure of the course of the vertebral nerve, removal of
excess fat, excision of the pericardium, and removal of the
lungs. Further dissection on each side was accomplished by
macroscoplc techniques with various sizes of thumb forceps.

When extremely fine nerves were encountered the aid of a
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Dazor (2) floating arm fluorescent illuminated magnifier or
a magna-sighter 3-D binocular eye loupe was employed.

The area studied was three dimensional, therefore,
photographs were taken of the left and right lateral aspects
of representative specimens of each species, A Burke and
James "Grover View Camera, 4 x 5", fitted with a Schneider-
Kreuznach "Symmar" 1:5.6/210 mm - 1:12/370 mm. lens in a
Linhof shutter, was employed for this photography. The film
used was Polaroid 4 x 5 Land Film Packets, positive/negative
type SS P/N. Projection of these photographs together with
observations from the live specimens provided the basis for
the lateral, modified, water color i1llustrations. The third
dimension was represented by schematic illustrations of the
dorsum of the heart. The vagi and sympathetic ganglia,
emitting the cardiac nerves, were reflected laterally in the
dorsal illustrations.

Although differentiation by sex, age, and breed was not
incorporated into the present study, the weights and/or

whether adult was noted.



4
RESULTS

In reporting the results of this study, the ganglia of
arigin as well as the cardiac nerves of each specles were
considered. Tables listing the measurements of the related
ganglia and the areas of supply by individual cardiac nerves
are found in Appendix A. Figures of the actual specimens
dissected together with those illustrated are found in
Appendices B and C. Hopefully these figures and tables will

be useful during the reading of the results.
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GANGLIA (FIGURES 1, 2, 15, 16 AND TABLE 1)

Thoracic Ganglia

The thoracic ganglia generally were not as sharply
demarcated as in the other specles studied. Caudal to the
cervicothoracic ganglion, the thoracic ganglia began at the
third or fourth thoracic intercostal space. More than one
ganglion was never found per intercostal space. The sympathe-
tic trunk between the second and fifth intercostal spaces
bilaterally lay on the dorsolateral aspect of the longus
colli muscle two to two and one-half centimeters paramedian.
Caudal to this muscle the trunk lay at the junction of the
heads of the ribs and the bodles of the vertebrae, maintaining

the same paramedian relationship.

Cervicothoracic Ganglion

In the horse this ganglion was composed of the caudal
cervical and first two thoracic ganglia. These two components
could often be differentiated on the left side although they
blended to form the cervicothoracic ganglion. On the right
side they appeared as one ganglion.

The left cervicothoracic ganglion extended from the
ecranial border of the first intercostal space to the caudal
border of the second intercostal space. On the right side

it was more compact and lay in the first intercostal space.
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On both sides the long, flatfened, cervicothoracic ganglion
swept obliquely, dorsally over the lateral surface of the
longus colll muscle from the ventral intersection of this
muscle with the esophagus on the left, or the trachea on the
right.

Rami communicantes extended from the cervicothoracic
ganglion caudally to at least the third thoracic spinal nerve.
Cranially, it was possible to demonstrate rami communicantes
from the vertebral nerve to the seventh through second
cervical spinal nerves, inclusively. A separate ramus
communicans was present to the eighth cervical spinal nerve
from the cervicothoracic ganglion. Although horses of
different sizes were used, relative values showed that the

size of the homologous ganglia varied only slightly (Table 1).
Ansa Subeclavia

The two limbs of the ansa subclavia passed ventrally on
either side of the subclavian artery (brachial artery),
from the cervicothoracic ganglion to the vertebral ganglion.
Typically, the single caudal 1limb passed caudal to the origin
of the costocervical artery and then cranial, ventral to the
Subclavian artery, and joined the vertebral ganglion. In
one case the caudal 1limb was divided on the left side. The

cranial 1limb in the horse was very short and wide, thus the

vertebral and cervicothoracic ganglia may appear as one large
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ganglion. The caudal limb of the ansa subclavia often escapes
casual observation due to its very fine width. It was much

longer than the cranial limb (Table 1).
Intermediate Ganglia

Independent intermediate ganglla were not grossly

observed in the equine.
Vertebral Ganglion

In the horse this ganglion was located at the cranio-
ventral end of the ansa subclavia at the point where the
caudal and cranial limbs joln after passing from the cervi-
cothoracic ganglion. On both sides 1t was located directly
anterior and medial to the vertebral artery on the ventro-
lateral surface of the esophagus on the left, and trachea on
the right. No independent rami communicantes were noted,
however, the wertebral nerve appeared to receive contribu-
tions from both the vertebral and cervicothoracic ganglia.
The size of the vertebral ganglion on either side was about

the same (Table 1).
Middle Cervical Ganglion

No independent middle cervical ganglion was noted in

the equine,.
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Cranial Cervical Ganglion

I was only able to retain one horse head for this
investigation; this being the smallest horse referred to in
Table 1. In this specimen, the cranlal cervical ganglion was
not intimately assocliated with the vagus nerve in the area
of the diffuse, grossly unidentifiable, inferior ganglion of
the vagus. The cranial cervical ganglion lay medial to the
paramastoid process of the occipital bone along the internal
carotlid arteries. . It measured one and one-half centimeters

long by four millimeters in diameter.
Vagosympathetic Trunk

The vagus nerve and sympathetic trunk lay in a common
connective tissue sheath in the cervical region. Although
communicating rami were present, particularly in the caudal
cervical region, the two trunks retained their separate
identities. No independent third trunk was noted on either
side of the horse. However, anone millimeter wide nerve
accompanying the left vertebral cardiac nerve was separated
from the left vagus nerve for several centimeters cranial to
the left vertebral ganglion. Another similar branch arose
from the sympathetic trunk in this area. On the right side an
one to two millimeter nerve arose from the sympathetic trunk
two to four centimeters cranial to the vertebral ganglion. It
accompanied the right vagus nerve ventral to the subclavian

(brachial) artery and passed to the heart.
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CARDIAC NERVES (FIGURES 1, 2, 15, 16, 29 AND TABLE 8)

Thoracic Cardiac Nerves

Left side

Between the second and fifth intercostal spaces several
fine thoracic cardiac nerves arose from the sympathetic
chain, These joined to form a trunk about one millimeter in
diameter which passed cranioventrally along the costocervical
artery and joined the caudal limb of the ansa subclavia.

From here they followed the cervicothoracic nerves to the
heart. Some of these thoraclc nerves terminated on the
brachiocephalic artery.

At the sixth thoracic intercostal space two to four
nerves arose from the sympathetic trunk and passed ventrally
on the sixth intercostal artery. One trunk, about one
millimeter in diameter, combined with a similar trunk from
the right side. This combined trunk was then joined by the
combined right and left dorsal cervicothoracic cardiac nerves
between the esophagus and aorta just dorsal to the trachea at
the level of the sixth thoracic rib. The trunk thus formed
passed between the aorta and trachea, sent a few branches to
the cardiac plexus, and continued ventrally over the left
lateral face of the left branch of the pulmonary artery.

It proceeded caudoventrally between the left auricle and

left pulmonary veins to the coronary groove which it




52

followed cranially to the right longitudinal sulcus giving
fibers to the left atrium and ventricle in its course., At
the Junction of this sulcus and the coronary groove the main
trunk of nerves ramified. Some fibers, passed down the right
longitudinal sulcus to the ventricles, some crossed the sulcus
and supplied the caudal portion of the right atrium and
ventricle, and others penetrated the interatrial and inter-
ventricular septum.

Instead of passing between the left auricle and left
pulmonary veins, én additional trunk may pass caudally on
the dorsum of the left atrium to reach the coronary groove
between the large caudal pulmonary veins and the caudal vena
cava. In route this, and the previously described trunk,
contributed to supplying the left atrium and the portion of
the left ventricle lying to the right side.

—

Right side

Zero to four thoracic cardiac nerves, up to one milli-
meter in diameter, were seen on the right side originating
from the second to fiftﬁ intercostal spaces. They either
Joined the ventral cervicothoracic cardiac nerve or passed
directly caudoventrally along the right azygos vein to the
eranial vena cava. Here they ramified on the cranial vena
cava and gave off short twigs which joined the right caudal
vagal cardiac nerves passing to the cardiac plexus and

lateral right atrial wall.
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From the fifth, sixth, and seventh intercostal spaces
fine thoracic nerves joined to form the right thoracic
'cardiac nerve previously mentioned. This nerve, about two
millimeters in width, passed ventrally, united with a
homologous nerve from the left side and the right and left
dorsal cervicothoracic cardiac nerves and passed to the
heart as described under the left thoracic cardiac nerve.
Areas receiving right thoracic cardlac nerves included the
cardiac plexus, left atrium, caudal right atrium and ventricle,
interatrial and interventricular septa, and the right portion

of the left ventricle.

Cervicothoracic Cardlac Nerves

Left side
Usually three nerves arose from the cervicothoracic
ganglion and passed to the heart.

Cranial cervicothoracic cardlac nerve The cranial

limb of the ansa subclavia was much larger than the caudal
limb in the horse; thereby, carrying most of the cardiac
nerves. Some passed to the vertebral ganglion before tra-
versing to the heart but other ventral cranial cervico-
thoracic cardiac nerves passed from the ventral aspect of the
cranial limb, with the left vertebral cardiac nerves, cau-
dally over the left lateral face of the brachlocephalic artery

and the aorta to the heart. Their distribution was in common
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with the left vertebral cardiac nerve along the course of the
coronary arteries and between the vena cava., Further
descrilptions are included under the left vertebral cardiac
nerve.,

Caudal cervicothoracic cardiac nerves

Dorsal caudal cervicothoracic cardiac nerve This

nerve, measuring about one millimeter in diameter, arose from
the dorsomedial aspect of the cervicothoracic ganglion. It
passed caudally on the left lateral side of the esophagus and
trachea and between the aorta and esophagus and combined with
the right dorsal cervicothoracic cardiac nerve and the right
and lef't thoracilic cardiac nerves at the level of the sixth
rib. It then supplied the cardiac plexus, left atrium,
caudal right ventricle, interventricular and interatrial
septa, and right portion of the left ventricle in common with
these nerves as described under the thoracic cardiac nerves.

Ventral caudal cervicothoracic cardiac nerve

This nerve, about one millimeter wide in the horse, followed
the caudal limb of the?ansa subclavia ventrally to the caudal
face of the subclavian (brachial) artery. From this site it
passed caudally, medial to the costocervical artery. It
continued caudally on the dorsum of the brachiocephalic
artery and obliquely crossed the left lateral surface of the
aortic arch entering the area bounded by the descending

aorta dorsally, the pulmonary artery ventrally, the ligamentum

arteriosus cranially and the apical bronchus caudally. Here
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several branches arose. One branch continued caudally
between the left pulmonary veins and the left auricle to
ramify along the course of the left circumflex coronary
artery in common with the thoracic cardiac nerves and dorsal
cervical thoracic cardlac nerves,

Other branches from the ventral cervicothoracic cardiac
nerve passed to the aorta, pulmonary artery, left pulmonary
veins and into the cardiac plexus. From the cardiac plexus
a branch of this nerve was followed to the right side
anterior to the right branch of the pulmonary artery and
onto the right lateral atrial wall between the vena cava.
One main continuation passed ventrally over the coronary
groove and down the right longitudinal sulcus where it
ramified. Another branch joined the right ventral cervico-
thoracic cardiac nerve and passed caudally dorsal to the
right pulmonary artery onto the dorsum of the left atrial wall
and also sent a twig anterior into the area between the venae
cavae, A large branch, leaving the left caudal ventral
cervicothoracic cardiac nerve before it reached the cardlac
plexus, passed to the right side caudal to the aorta and
combined with the right cranial ventral cervicothoracic
cardiac nerve. A main trunk from this passed ventral to the
left branch of the pulmonary artery and ramified along the
left longitudinal sulcus.

In all cases the main trunk of thls nerve passed between
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the left pulmonary veins and the left auricle to the right
side of the left atrium and ventricle and into the right
longitudinal sulcus.

In one case the caudal cervicothoracic cardliac nerve
was included, after about two centimeters, with the left
cranial ventral cervicothoracic cardiac nerve and the left
vertebral cardiac nerve,

Right side

Cranial cervicothoracic cardiac nerves Fewer cranial

cervicothoracic nerves were demonstrated by-passing the right
vertebral ganglion 1in theilr courses to the heart than on the
left. The right cranial cervicothoracic cardiac nerves
followed the cranial limb of the ansa subclavia ventrally
around the subclavian artery, and passed caudally ventral to
the vagus. As it passed the vertebral ganglion it joined the
vertebral cardiac nerve and caudal to the subclavian artery
was joined by branches from the right recurrent cardiac
nerve, and a left cranial cardiac nerve. The combined trunk
passed on the right doésolateral face of the brachiocephalic
artery over the lateral surface of the aorta and entered the
cardiac plexus. Here it primarily passed to the left side
caudal to the aorta, and entered the left longitudinal sulcus.
Other branches of this nerve supplied the dorsum of the left
atrium. One of them continued between the left auricle and

left pulmonary veins to the coronary groove where it gave
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branches to the right side of the left ventricle, ventral
part of the left atrium, caudal right ventricle and inter-
atrial septum. Twigs alsoc passed between the vena cava onto
the lateral right auricular wall.

In two cases the cranial cervicothoraclc cardiac nerves
and ventral cardiac nerves were linseparable from the vagus.
Presumably they arose from the right vagus, one to four
centimeters caudal to the subclavian artery, and passed in
common with the caudal vagal cardiac nerves to the same
areas Just described.

Caudal cervicothoracic cardiac nerves

Dorsal caudal cervicothoracic cardiac nerve The

dorsal caudal cervicothoracic cardiac nerve, about one
millimeter in diameter, arose from the caudodorsal part of
the cervicothoracic ganglion. It passed caudally on the
right side between the trachea and longus colli muscle and
Joined the left dorsal cervicothoracic cardiac nerve and the
right and left thoracic cardiac nerves at the level of about
the sixth thoracic vertebra. From there it passed to the
cardiac plexus, left aurlcle and atrium, caudal and right
portion of the left ventricle, right ventricle and the inter-
atrial and interventricular septa as described under the
thoracic cardiac nerves.

Ventral caudal cervicothoracic cardiac nerves

This nerve followed the caudal limb of the ansa subclavia
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ventrally about half way to the subclavian artery. Here it
left the ansa subclavia and passed obliquely caudal and ventral
over the right side of the trachea. It continued between the
eranial vena cava and aorta and ramified in the cardiac plexus,
Its main branches passed through the right side of the plexus
to the right lateral wall of the right atrium between the venae
cavae. Some fibers crossed the atrio-ventricular junction and
continued ventrally in the right longitudinal sulcus where

they ramified onto the ventricular walls.
Intermediate Cardiac Nerves
No intermediate cardiac nerves were noted on either side,.

Vertebral Cardiac Nerves

Left side

Together with the left cranial ventral cervicothoracic
cardiac nerve this combined trunk made up the largest nerve
(five millimeters wide) passing to the heart on the left side.
It combined with the ﬁérves directly from the cervicothoracic
ganglion just caudal to the vertebral ganglion and the trunk
thus formed and passed caudally, in close apposition to the
vagus nerve with which it exchanged small twigs. Near the
origin of the brachiocephalic artery, the trunk divided into
Several branches. The mailn branch passed directly ventral

between the aorta and pulmonary artery cranial to the
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ligamentum arteriosum. It sent twigs to the aorta, pulmonary
artery, and between the right auricle and pulmonary artery to
+ the right ventricle., Its main continuation followed from near
the origin of the right coronary artery along this vessel's
trunk in the coronary groove. From this area it ramified
onto the right ventricle, and ventrum of the left auricle,

Another branch from the division of the left vertebral
cardiac nerve continued caudally to the left and laterally
to the ligamentum arteriosum. It then passed either medial or
lateral to the pulmonary artery to join the cardiac plexus.
Its main continuation from the plexus passed between the
left auricle and pulmonary artery to the left longitudinal
sulcus and adjacent right and left ventricles and inter-
ventricular septum. Other branches continued caudally in the
coronary groove supplying the left side of the left ventricle
and the left auricle, —

Before joining the cardlac plexus a twig left the branch
Just described caudal to the ligamentum arteriosum and passed
to elther side of the left branch of the pulmonary artery.
The lateral twig continued caudally between the left auricle
and left pulmonary veins to the coronary groove from which
it ramified into the right side of the left ventricle. The
medial twig supplied the dorsum of the caudal and left
atrium, sent fibers between the left atrium and left

pulmonary veins to the right part of the left ventricle,
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and also dispatched fibers to the right atrium between the
vena cava.

Other important branches from the division of the left
vertebral cardiac nerve passed to the aorta, pulmonary artery,
pulmonary veins, and the cardiac plexus.

Right side

In two cases the vertebral cardiac nerves and cranial
cervicothoracic cardiac nerves Intimately Jjoined the right
vagus nerve., As mentioned when discussing the right cranial
cervicothoracic cérdiac nerve, they apparently, in this case,
lef't the right vagus two to four centimeters caudal to the
ansa subclavia and passed to the same areas as when they
proceed as independent nerves. In three cases a trunk formed
by independent vertebral cardiac nerves passed caudally close
to the right vagus, ventrally to the subclavian artery and
then over the lateral surface of the aorta to the cardilac
plexus. One branch passed through the plexus caudal to the
aorta and proceeded ventrally into the left longitudinal
sulcus, ramifying along:its course onto the right and left
ventricles and into the interventricular septum. It also
Supplied the areas described under the right cranial cervico-
thoracic cardiac nerve with which it was fused. These
included the left atrium, right portion of the left ventricle,
caudal portion of the right ventricle, ventral part of the
left atrium, the interatrial and interventricular septa and

the lateral surface of the right atrium.
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Middle Cervical Cardiac Nerve

No middle cervical cardiac nerves were noted on either

side.
Cranial Cardiac Nerves

Left side

No independent cranial cardiac nerves were formed in the
area of the cranial cervical ganglion or inferior ganglion of
the vagus nerve, However, a twig arising from the sympathetic
trunk cranial to the vertebral ganglion passed to the left
vertebral cardiac nerve and the right cranial cervicothoracic
cardiac nerve., A branch also arose from the left vagus and is

- discussed under the section on the cranial vagal nerves.

Right side

No independent cranial cardiac nerves were formed in
the area of the cranial cervical ganglion or inferior ganglion
of the vagus nerve., However, an one to two millimeter wide
nefve arose from the sympathetic trunk two to four centimeters
cranial to the vertebral ganglion and passed to the heart
with the right vertebral cardiac nerve and cranial cervico-

thoraclic cardiac nerve.

Cranial Vagal Cardiac Nerves

Left side

Anone millimeter wide nerve arose from the left vagus
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nerve, two to ten centimeters cranial to the vertebral
ganglion. It passed caudally along the sympathetic trunk,
ventral to the vertebral ganglion, and accompanied the left
vertebral cardiac nerves and cranial cervicothoracic cardilac
nerve to the heart. It was separable from these nerves in one
case and passed into the area around the ligamentum arteriosum
ramifying to the aorta and pulmonary artery. In the other
cases 1t was inseparable and presumably innervated the same
areas as described for the left cranial cervicothoracic and
vertebral cardiac ﬁerves.

Between the vertebral ganglion and the heart fine
communications occurred between the left vagus and the left
vertebral and cranial cervicothoracic cardiac nerves. In one
case a cranial vagal cardiac nerve from just caudal to the
ansa subclavia joined the dorsal cervicothoracic cardiac
nerve,

Right side

No right cranial vagal cardiac nerves were demonstrated.

Caudal Vagal Cardiac Nerves

Left side

Usually two main caudal vagal cardlac nerves arose from
the vagus between the left recurrent laryngeal nerve and the
division of the vagus into dorsal and ventral esophageal
nerves. The most cranial nerve passed anterio-ventrally to

the right of the aorta, into the cardiac plexus over the right
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branch of the pulmonary artery, and then mainly returned to
the left side dorsal to the left branch of the pulmonary
rartery. It continued caudoventrally over the caudal border
of the left auricle to the caudal and right portions of the
coronary groove from which it accompanied the left circumflex
coronary artery to the right longitudinal sulcus ramifying
along this course,.

The more caudal nerve passed anterioventrally between
the aorta and pulmonary artery to the pulmonary plexus. One
branch joined the trunk formed by the right and left f£ifth,
sixth and seventh thoracic cardiac nerves and the right and
left dorsal cervicothoracic cardiac nerves. Another branch
passed onto the dorsum of the left atrium and coursed ventrally
along the right lateral part of the interatrial septum. It
ramified between the caudal pulmonary vein and the caudal
vena cava and along the left ciféumflex coronary értery on
the right side of the heart.

Right side

Three right caudal vagal cardiac nerves arose from two to
five centimeters distal to the origin of the right recurrent
laryngeal nerve., After approximately two to four centimeters
two of them united and passed caudally between the anterior
vena cava and the aorta where branches passed into the cardiac
plexus. The mailn continuation passed ventrolaterally between

the cranial and caudal vena cava to ramify on the right atrial
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wall and along the right longitudinal sulcus. The third
short nerve joined the right caudal ventral cervicofthoracic
cardiac nerve and accompanied 1t to the right atrium and

right longitudinal sulcus as described for the latter nerve.
Recurrent Cardiac Nerves

Left side

After passing to the right side of the aorta the left
recurrent laryngeal nerve gave several small twlgs to the
cardlac plexus. A communication between the left recurrent
laryngeal nerve and the right caudal cervicothoracic cardiac
nerve also was noted about half-way between the caudal limb
of the right ansa subclavia and the heart.

Right side

Three main recurrent cardiac nerves, approximately five
millimeters each, left the right recurrent laryngeal nerve
and passed with each of the main right sympathetic trunks from
this area. This included the right caudal ventral cervico-
thoracic cardiac nerves; cranlal cervicothoracic cardiac
nerve and the vertebral cardiac nerve. The areas innervated
included the cardiac plexus, great vessels, lateral wall of
the right atrium, left and cranial portions of the ventricles,

and the areas adjacent to the coronary groove and longi-

tudinal sulcus on the right.
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GANGLIA (FIGURES 3, 4, 17, 18 AND TABLE 2)

Thoracic Ganglia

One distinet thoraclic ganglion was located on each side
in each intercostal space caudal to and including the third
intercostal space. The third through seventh thoracic
ganglia were larger than those ganglia further caudal,
particularly on the left side. They reached the size of
ten millimeters craniocaudal by four millimeters dorsoventral
by two millimeters wide in the calf. The thoracic sympathetic
trunks maintained an one and one-half centimeter paramedian
position. Cranially they lay on the dorsolateral surface of
the longus colli muscle. Caudally they passed lateral to
the intercostal arteries lying near the junction of the
heads of the ribs and the thoracic vertebrae,

An additional cardiac ganglion of the left inter-
vascular triangle perhaﬁs can best be described under this
area. It was located caudal to the arch of the aorta at
the junction of the venérhemiazygos and the left branch of
the pulmonary artery. It measured about two millimeters by
four millimeters by three millimeters. It received both dorsal

cervicothoracic cardiac nerves and left thoracic cardiac

nerves,
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Cervicothoracic Ganglion

On both sides this ganglion lay at the level of the first
‘intercostal space., It extended over the ventrolateral face
of the longus collimuscle onto the dorsolateral surface of
the esophagus on the left, and trachea on the right. It was
composed of the caudal cervical and first two thoracic ganglia.
Rami communicantes extended cranially via the vertebral nerve

as far as the second cervical spinal nerve and caudally to at

least the third thoracic spinal nerve,
Ansa Subclavia

The ansa subclavia of the bovine passed on either side

. of the subclavian artery, connecting the cervicothoracic and
vertebral ganglia. Both limbs were single and of about equal
diameter, but the caudal 1limb was longer than the cranial
one. In three cases the vertebral ganglion closely approxi-
mated the cervicothoracic ganglion on the left side. 1In
these specimens the caudal limb 6f the ansa subclavia

passed also on the cranial side of the subclavian artery to
reach the vgrtebral ganglion. As in the horse, the limbs

of the ansa subclavia were very thin and could escape casual

observation, particularly in the adult bovine.
Intermediate Ganglla

No intermediate ganglia were observed grossly in the

bovine.
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Vertebral Ganglion

In the bovine this ganglion was generally located
anterior and medial to the costocervico-vertebral artery
where the two limbs of the ansa subclavia joined after
passing cranial and ventral from the cervicothoracic ganglion.
In three cases, however, on the left side, due to the
intimate assocliation of this ganglion with the cervicothor-
aclc ganglion, the vertebral ganglion lay caudal and medial
to the cervico-vertebral artery. No rami communicantes were

noted to the spinal nerves.
Middle Cervical Ganglion

No independent middle cervical ganglion was noted in

the bovine,
Cranlal Cervical Ganglion

This ganglion in the bovine lay medial to the paramastoid
process of the occipital-bone at the ventral medial border of
the tympanic bulla. It was not fused with the inferior
ganglion of the vagus nerve.

In the calf the cranial cervical ganglion measured
fifteen millimeters rostrocaudally by eight millimeters

dorsoventrally by four millimeters mediolateral.
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Vagosympathetic Trunk

The vagus nerves and sympathetic trunk passed in a

commen connective tissue sheath between the vertebral ganglion

and cranial cervical ganglion. The sympathetic trunk, one to

two millimeters in width, could be separated from the vagus

nerve, about four to eight millimeters in width. Communicating

rami between the two nerve trunks were noted. No independent
third trunk accompanied the vagosympathetic trunk on either

side.

CARDIAC NERVES (FIGURES 3, 4, 17, 18, 30, AND TABLE 8)

Thoracic Cardiac Nerves

Left side

At least ten thoracilc cardiac nerves, one millimeter or
less in width, were seen originéting from the sympathetic
trunk between the cervicothoracic ganglion and the sixth
intercostal space. These nerves passed ventrally and soon
joined larger thoracic cardiac nerves which originated
mainly from the third, fourth, and fifth thoracic ganglia.
The largest of the thoracic cardiac nerves, about two to
three millimeters in width, arose from the fourth thoracic
ganglion,

From the more cranial ganglion the thoracic cardiac
nerves continued ventrally and obliquely caudally across the

longus collimuscle and lateral face of the aorta. The more
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caudal nerves followed the intercostal arteries to the aorta
and continued ventrally on it. These nerve trunks and the
left dorsal cervicothoracic cardiac nerve then continued
ventrally on the vena hemiazygos to the cardiac ganglion of
the left intervascular triangle located caudal to the arch
of the aorta at the Junction of the hemiazygos vein and the
left branch of the pulmonary artery. Twigs sometfimes extended
into the cardiac plexus. Efferent nerves from this ganglion,
usually one or two, passed between the left auricle and
pulmonary veins with the vena hemlazygos to the coronary
groove. In this course twigs passed to the left auricle.
From the coronary groove intermingling nerves ramified

1long the course of the circumflex branch of the left
coronary artery. This included the ventral portion of the
left atrium, the right side of the left ventricle, the
intefatrial and interventricular septa, and the right caudal
vart of the right ventricle from the right longitudinal
sulcus.

Two or three thoraclc cardiac nerves arose from the
third intercostal space and passed ventrally for two or three
centimeters to unite with the right caudal dorsal cervico-
thoracic nerve. The trunk thus formed continued ventrally on
the vena azygos to the dorsum of the ecranial vena cava.

Twigs were given to this vessel as the main nerve trunk
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passed caudally on 1t to the area of the right atrium between
the vena cava. Here the trunk ramified on the lateral wall of
the right atrium. Twigs sometimes extended across the
coronary groove to the right longitudinal sulcus. Other
branches left the nerve trunk dorsal to the cranial vena
cava and entered the cardiac plexus or ramified on the right
pulmonary veins.

Passing directly ventral from the fifth intercostal
space was a two millimeter wide nerve formed from twigs
originating from the sympathetic trunk between the fourth and
sixth thoracic ganglia. It passed ventrally, medial to the
thoracic duct, between the esophagus and aorta and passed to
the left side, Jjust caudal to the aorta, into the cardiac
plexus. Its main continuation through the plexus comprised
a large part of the trunk which continued into the coronary
groove and down the left 1ongi£ﬁdinal sulcus, radiating onto
the caudal and ventral portion of the left auricle, the left
side of the left ventricle and the left caudal portion of the
right ventricle. In one case a right, sixth, thoracic
cardiac nerve coursed to the left between the longus colli
muscle and aorta and joined the left thoracic cardiac nerves.
It accompanied these nerves ventrally along the vena
hemiazygos to the coronary groove. These nerves ramified
along the circumflex branch of the left coronary artery as

described under the left thoracic cardiac nerves.
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Cervicothoracic Cardiac Nerves

Left side

Typically three areas were suppllied by dorsal or ventral
cervicothoracic cardiac nerves arising from the left cervi-
cothoracic ganglion.

Cranial cervicothoracic cardlac nerves None were

observed grossly.

Caudal cervicothoracic cardiac nerves

Dorsal cervicothoracic cardiac nerves A lef't

dorsal caudal cervicothoracic cardiac nerve arose from the
caudodorsal part of the ganglion and passed obliquely
caudoventrally over the left lateral surface of the aorta to
enter the cardiac ganglion of the left intervascular triangle
located at the junction of the vena hemiazygos and the left
branch of the pulmonary artery. Before entering this ganglion
branches sometimes passed to the aorta or between this vessel
and the pulmonary artery, caudal to the ligamentum arteriosum,
and entered the cardiac plexus. Branches leaving this
ganglion continued caudally, between the vena hemiazygos and
left auricle to the coronary groove. From here twigs
radiated along the course of the left circumflex coronary
artery cranially onto the left atrium and ventricle, right
ventricle, and interatrial septum.

Ventral cervicothoracic cardiac nerves Two to

Iour ventral cervicothoracic cardiac nerves arose in common
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with the caudal 1imb of the ansa subclavia. They originated
from the ganglion at its ventral apex and passed caudoventral
on the dorsal and ventral surfaces of the brachiocephalic
artery.

The more dorsal of the left ventral cervicothoracic
cardiac nerves passed to the right of the aorta, after
followlng dorsally on the brachiocephalic trunk to its origin.
Then it again coursed to the left side, caudal to the aorta,
and entered the cardiac plexus. Its main continuation joined
with the right fourth, fifth and sixth thoracic cardiac
nerves to form the large trunk which passed down the left
longitudinal sulcus. The area of distribution for this nerve
included, primarily: the cardiac plexus; the left and caudal

-portion of the left ventricle, and ventrum of the left
auricle, along the circumflex branch of the left coronary
artery; and the right and left véntricular wall from along
the descending branch of the left coronary artery.

A single left ventral cervicothoracic cardiac nerve, or
two such nerves which joined near the origin of the brachio-
cephalic artery after passing caudally on either side of this
vessel, pasSed between the right auricle and the pulmonary
artery. They sometimes joined the right coronary artery ard
followed it, supplying the right ventricle and ventrum of
the right atrium. Others radiated directly cranial onto the

right ventricle or supplied the pulmonary artery. Some
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fibers, instead of passing ventrally and along the course
just described, continued caudally to the right of the aorta,
supplying this surface and contributing twigs to the cardilac
plexus, A right ventral cervicothoracic cardiac nerve of
variable size joined this left nerve on the ventral surface
of the brachiocephalic artery passing with it as just des-
cribed. Left vagal cardiac nerves also Jjoined this nerve
more cranially.

Another constant ventral cervicothoracic cardiac nerve
passed directly caudal on the dorsum of the brachiocephalic
artery and ramified on the aorta from near the origin of the
brachlocephalic artery caudally for six to eight centimeters.
Some of these fibers communicated with the cardiac plexus
caudal to the aorta.

Right side

Cranial cervicothoracic cardiac nerves None were

observed in the bovine.

Caudal cervicothoracic cardiac nerves On the right

Side a single caudal dor%al cervlicothoracic cardiac nerve was
present together with one to three caudal ventral cervico-
thoracic nerves.

The dorsal nerve passed caudoventrally to join the right
third thoracic cardiac nerves medial to the azygos vein, Jjust
dorsal to the trachea. It continued ventrally with this nerve
to supply mainly the area between the vena cava, as previously

described under the right thoracic cardiac nerves.
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One to three caudal ventral cervicothoraclc cardiac
nerves left the caudoventral border of the cervicothoracic
' ganglion just caudal to the caudal 1limb of the ansa sub-
clavia. One or two nerves passed caudoventrally along the
dorsum of the cranial vena cava, then between this vessel
and the aorta to ramify in the cardiac plexus. Their main
limbs could be traced along the right extremity of the plexus
and between the cranial and caudal vena cava to the right
atrial wall. Fine twigs sometimes also accompanied the right
caudal vagal and right recurrent cardiac nerves from the
plexus between the caudal vena cava and left atrium to the
coronary groove on the right side.

One additional caudal ventral cervicothoracic cardiac
nerve coursed ventrally over the right lateral face of the
trachea and onto the ventral aspect of the brachiocephalic
artery where it joined a left véntral cervicothoracic cardiac
nerve. This trunk passed between the right auriclé and pul-
monary artery where it then ramified. Branches accompanied
the right coronary artery supplylng mainly the right ventricle

and auricle as previously described under the left ventral

cervicothoracic cardlac nerves.
Intermediate Cardiac Nerves

No intermediate ganglia were noted on eilther side,

therefore, no intermediate cardiac nerves were observed.
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Vertebral Cardiac Nerves

Left side

No cardiac nerves could be found from the left vertebral
ganglion. Apparently most nerves from this ganglion continued
cranially in the sympathetic trunk. Fine twigs to the sub-
slavian artery from this ganglion were noted.

Right side

Several twigs arose from the ventral extremity of this
zanglion. Thelr length averaged only about one to two
centimeters before they joined other trunks or ramified on
surrounding vessels., Some twigs combined with the right wvagus
nerve and potentially could pass to the heart. I was unable
to specifically trace them there, however. Another twig
Joined the right recurrent laryngeal nerve, along which

Tibers sometimes passed to the heart. Numerous twigs passed

to the right carotid artery.
Middle Cervical Cardiac Nerves

No separate middle cervical cardiac nerves were noted

since no separate ganglion was demonstrated.
Cranial Cardiac Nerves

No cranial cardiac nerves were demonstrated from either
Side,
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Cranial Vagal Cardiac Nerves

Left side

Generally these nerves arose at two specific locations
along the vagus nerve and accompanied the ventral cervico-
thoracic cardiac nerves to the heart. The first group, of
one to three small nerves, arose from the vagus nerve within
two centimeters caudal to the subclavian artery. They
immediately joined the ventral cervicothoracic cardiac nerve
which passed between the right auricle and the pulmonary
artery to ramify along the right coronary artery onto the
right auricle and ventricle.

The second area of origin for the cranial vagal cardiac
nerves was between the first area and the ligamentum arteri-
osum. Usually a single nerve, about one to three millimeters
in diameter, left the vagus here and passed with a ventral
cervicothoracic cardiac nerve to the area of the ligamentum
arteriosum. Here it ramified on the aorta and pulmonary
artery. One branch was followeé caudally between these
vessels and joined the large nerve trunk passing to the left
longitudinal sulcus. Other twigs jolned the cardiac plexus.

Right side

Just as the vagus began to form the right recurrent
laryngeal nerve, a small branch arose from the vagus nerve,
It coursed caudally on the right lateral surface of the

brachiocephalic artery and to the right of the aorta to the
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cardiac plexus. This investigator was unable to establish

any further area of distribution.
Caudal Vagal Cardiac Nerves

Left side

Generally two or three nerves originated from the left
vagus nerve caudal to the origin of the left recurrent laryngeal
nerve, These nerves passed ventrally over the lateral face of
the left branch of the pulmonary artery and onto the dorsum of
the left atrium, into the cardiac plexus; or they combined
with the left thoracic cardiac nerves and entered the coronary
groove between the left auricle and hemiazygos vein, thereby
ramifying along the circumflex branch of the left coronary
artery. Areas innervated in this course included the dorsum
of the left auricle, ventrum of the left atrium, caudal and
right portions of the left ventricle, interatrial and inter-
ventricular septa, and right caudal portion of the right
ventricle.

Right side

Usually one to three right caudal vagal cardiac nerves
were present. These arose from the right vagus nerve, between
two and five centimeters cranial to the right apical bronchus.
They coursed caudoventrally, medial to the azygos vein and
cranial vena cava to the dorsum of the right atrium. Here
they ramified. Branches entered the cardiac plexus, the

Coronary groove from between the caudal vena cava and left
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atrium, and the lateral right atrial wall between the cranial

and caudal vena cava.

Recurrent Cardiac Nerwves

Left side

Several fine branches originated from the left recurrent
cardiac nerve on the caudal and right surfaces of the aorta.
These ?assed ventrally and were lost in the cardiac plexus
and on the dorsum of the left atrium.

Right silde

A small right recurrent cardiac nerve passed caudally
between the aorta and cranial vena cava from near the origin
of the right recurrent laryngeal nerve. It joined a right
caudal vagal cardiac nerve, or continued independently to the
cardiac plexus between the cavae onto the lateral right atrial
wall, or caudally between the éaudal vena cava and the left

atrium into the coronary groove.
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GANGLIA (FIGURES 5, 6, 19, 20 AND TABLE 3)

Thoracic Ganglia

Independent ganglia of inconstant size were present in
each intercostal space from the second or third intercostal
space caudally. Commonly, the most cranial of these
independent ganglia on the right side began at the third
intercostal space. On the left 1t more commonly began at
the second space. These ganglla ranged from about one
millimeter to over ten millimeters cranlocaudally, five
millimeters dorsoventrally, and two millimeters mediolateral.
The third thoraclc ganglion on the left was generally the
largest. Caudal to the cervicothoracic ganglion the sympathe-
fic trunk extended obliquely dorsally over the lateral face
of the longus collimuscle. It was located at the Junction
of the ribs and thoracic vertebra caudal to this muscle and
maintained approximately a ten millimeter paramedianvposition
throughout the thoracic area. An-.additional ganglion sometimes
lay on the left side in the area bounded by the descending

aorta, vena hemiazygos and the pulmonary artery.
Cervicothoracic Ganglion

The left ganglion lay directly ventral to the head of
the first rib while on the right it lay slightly more caudal,

extending between the heads of the first and second ribs. On
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both sides it lay on the lateral face of the longus collil
muscle. Its ventralmost portion sometimes reached the dorsum
of the esophagus on the left, and on the right the dorsum of
the trachea.

The left ganglion usually included the caudal cervical
and first thoracic ganglia. On the right it also included the
second thoracic ganglion.

Rami communicantes were followed as far cranial as the
second cervical spinal nerve., Caudally they extended to at
least the second thoracic spinal nerve on the left and to the

third on the right.
Ansa Subclavia

In the ovine this was formed by single limbs on either
8ide of the subeclavian artery connecting the cervicothoracic
and vertebral ganglia. The caudal 1limb passed caudal and
ventral to the subclavian artery and then ceranial to join the
vertebral ganglion. From the cervicothoracic ganglion the
cranial limb passes craﬁioventral, medial to the vertebral
artery, to join the vertebral ganglion. The cranial and
caudal limbs were of about equal width, however, the caudal
limb was much longer. The right limbs were longer than the

ler't ones (Table 8).
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Intermediate Ganglia

Independent intermediate ganglia were not grossly

observed in the ovine.
Vertebral Ganglion

This ganglion, in the ovine, lay one to two centimeters
cranial to the costocervico-vertebral artery at the cranial
extremity of the limbs of the ansa subclavia. This was,
further, on the lateral face of the esophagus on the left,
or trachea on the right at the level of the seventh cervical
vertebra. There appeared to be two ganglia at this location
which were either fused, incompletely separate, or separated
_ for a short distance. The more cranial component was assumed

to be the middle cervical ganglion.
Middle Cervical Ganglion

Apparently, in most cases, this ganglion was fused with
the vertebral ganglion, when preéent. In one case an
independent ganglion, Jjust cranial to the vertebral ganglion,
was present. It measured four millimeters by two millimeters

by one millimeter.
Cranial Cervical Ganglion

This ganglion lay craniomedial to the paramastold process

just ventral to the tympanic bulla. It was not intimately
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fused with the inferior ganglion of the vagus nerve, which
was slightly ventral to it. It measured fifteen millimeters
in length, five millimeters in breadth and three millimeters

in width.
Vagosympathetic Trunk

The vagus nerve and sympathetic trunks, between the
inferior ganglion of the vagus nerve and cranial cervical
ganglion and the vertebral ganglion, were enclosed in a
common connective tissue sheath. The two trunks could be
separated throughout their length, although they had commu-
nicating twigs between them. The sympathetic trunk measured
approximately two millimeters in width and the vagus nerve,
about four millimeters. An independent third nerve, measuring
ipproximately one-fourth of a millimeter in width, accompanied
the vagosympathetic trunk from the cranial laryngeal nerve

for about four or five centimeters and then was lost in the

vagus nerve.

CARDIAC NERVES (FIGURES 5, 6, 19, 20, 31 AND TABLE 8)

Thoracic Cardiac Nerves

The large, two millimeter wide, third thoracic cardiac
Nerve was joined by lesser nerves from the fourth, fifth and

Slxth thoracic ganglia along the vena hemiazygos. They
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entered or by-passed the cardiac ganglion of the left vascular
triangle and continued along the vena hemiazygos between the
‘left pulmonary veins and the left auricle to the coronary
groove. Branches passed to the left auricle and onto the
caudal left ventricle but the maln continuation followed

the circumflex branch of the left coronary artery to the

right longitudinal sulcus. Along this course it sent branches
to the &entrum of the left atrium, right portion of the

left ventricle, interatrial and interventricular septa, and
the caudal part of the right ventricle. Just caudal to the
ligamentum arteriosum, a left cervicothoracic cardiac nerve
Joined the thoracic cardiac nerves. When the second

thoracic ganglion was independent, a fine nerve coursed
caudally from it to Join the other thoracic cardiac nerves
Just caudal to the ligamentum arteriosum along the vena

hemiazygos. Twigs from the thoracic cardiac nerves, in the
area of the cardiac ganglion of the left intervascular
triangle, passed to the cardiac plexus.

Right side

Right thoracic cardiac nerves were demonstrated from the
second through the sixth thoracic ganglia. These nerves,
usually one per ganglion, measuring approximately one-fourth
of a millimeter in width, connected on the dorsum of the
esophagus to form a trunk which combined with a small

cervicothoracic cardiac nerve, craniodorsal to the right
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apical bronchus. This trunk continued caudoventrally to the
apical bronchus and ramified into the cardiac plexus. Twigs
could be followed between the venae cavae to the lateral wall
of the right atrium, and cranially through the cardiac plexus

ramifying along the right coronary artery.
Cervicothoracic Cardiac Nerves

Lef't side

Cranial cervicothoracic cardiac nerves None were

cbserved grossly in the ovine.

Caudal cervicothoracic cardiac nerves One or two

zervicothoracic cardiac nerves arose from the caudal border of
the cervicothoracic ganglion, and/or the caudal limbs of the
insa subclavia, and passed to the heart. When two nerves
were present the more ventral one followed the brachiocephalic
artery to the anterior left lateral surface of the aorta.
dere it broke up into several small branches. Some continued
:ranlally between the right auricle and the pulmonary artery,
~258sing to the right véntricle and the ventral portion of the
?lght auricle from along the course of the right coronary
artery. Others supplied the aorta and pulmonary artery.

When only one nerve was present the distribution of the
ferves just discussed was assumed by this single nerve. A

dranch left the parent nerve, which had coursed caudally

dlong the brachiocephalic artery, near the Jjunction of this
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artery with the aorta. The further course was as described
before. Other branches of the single cervicothoracic or of
the more dorsal nerve, when two were present, had two main
destinations. The lesser contribution entered the area in
which the brachiocephalic artery originated from the aorta
and ramified. The larger continuing branch, after passing
lateral to the ligamentum arteriosum, Jjoined the thoracic
cardiac nerves or the cardiac ganglion of the left inter-
vascular triangle on the vena hemiazygos. Twigs passed to
the cardiac plexus. The major portion of the left cervi-
cothoracic cardiac nerve continued with the left thoracic
cardiac nerves between the left auricle and the pulmonary
veins, and cranially with the circumflex branch of the left
coronary artery. Areas of distribution were the left auricle,
ventrum of the left atrium, left ventricle on the caudal and
right sides, interatrial and intérventricular septa, and
caudal part of the right ventricle.

Right side

One large nerve, two millimeters in width, and three to
five smaller nerves, less than one millimeter in width, arose
from this ganglion. The large, right, caudal cervicothoracic
cardiac nerve assumed a variable role in the incorporation
of the smaller nerves. In addition to the supply to the
brachiocephalic artery and anterior vena cava by small nerves
arising from the cranial and caudal limbs of the ansa sub-

clavia, respectively, other small nerves joined the right
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recurrent cardiac nerve and the thoraclc cardiac nerves.

Cranial cervicothoracic cardiac nerves None were

observed grossly in the ovine.

Caudal cervicothoracic cardiac nerves One or two,

small, right, dorsal cervicothoracic cardiac nerves sometimes
also left the caudal border of the cervicothoracic ganglion.
They passed caudally to join the right thoraclc cardiac

nerves just cranial to the apical bronchus. Their distri-
bution has been discussed previously as being to the cardiac
plexus with branches continuing to the right atrium between
the vena cava and along the right coronary artery to the right
auricle and ventricle.

A right caudal ventral cervicothoracic cardiac nerve
arose from the ventral pole of the right cervicothoracic
ganglion, or from the caudal limb of the ansa subclavia, and
passed ventrally, Jjolning the right recurrent cardiac nerve
within three centimeters caudal to its origin. Its distri-
bution was along the course of the right coronary artery onto
the right auricle, atrium:and ventricle.

The large ventral cervicothoracic cardiac nerve arose
from the most ventral portion (apex) of the cervicothoracic
ganglion, in close apposition to the caudal 1limb of the ansa
Subclavia, It coursed obliquely caudoventrally over the
right lateral surface of the trachea and between the cranial
Veéna cava and aorta to enter the cardiac plexus. In this

course it assumed or augmented the innervation of some of the



89

smaller right cervicothoracic cardiac nerves just described.
One of its maln branches could be followed through the anterior
part of the cardiac plexus, between the aorta and right
auricle and along the right coronary artery. Another passed
between the venae cavae and ramified on the right atrium. A
third main branch continued caudally between the right branch
of the pulmonary artery and the right pulmonary veins and
ventraliy, Just caudal to the caudal vena cava to the coronary
groove, Twigs passed both medlally and laterally to the
coronary sinus, ramifying in the area. A final large branch
passed through the plexus caudal to the aorta and followed

the cranial margin of the left aurlcle to the coronary groove
at the dorsum of the left longitudinal sulcus. In addition

to the left auricle, twigs from this branch supplied the

right and left ventricles and interventricular septum from

the left longitudinal sulcus, a;d the left side of the left
ventricle and ventrum of the left auricle from the—coronary

groove.
Intermediate Cardiac Nerves
No intermediate cardiac nerves were noted on eilther side.

Vertebral Cardiac Nerves

Left side
One or two small nerves originated from the left

vertebral ganglion and passed to the brachiocephalic artery.
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Direct independent nerves from the vertebral ganglion to the
heart were not noted. However, it was conceivable that
fibers traversing the cranial limb of the ansa subclavia
could synapse in this ganglion, pass caudally in the caudal
1limb of the ansa subclavia to the ventral cervicothoracic
cardiac nerve, and pass with this nerve to the heart.

Right side

As on the left, no independent vertebral cardiac nerves
were observed. As speculated for the left side, perhaps
fibers may accompany the right cervicothoraclc cardiac

nerves to the heart.
Middle Cervical Cardiac Nerves

No independent, left, middle, cervical cardiac nerves
were demonstrated on either side. Because the middle
cervical ganglion and vertebral ganglion were closely asso-
clated, or fused when the latter was present, perhaps nerves
Synapsing in the middle cervical ganglion passed with the
cervicothoracic cardiac:nerves to the heart, as postulated

for the vertebral cardiac nerve.
Cranial Cardiac Nerves

Although nerves were emitted from the cranial laryngeal
nerve on both sides, they were soon lost in the vagus nerves;

hence, I was unable to trace them to the heart.
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No nerves were demonstrated as arising from the cranial

cervical ganglion passing to the heart.
Cranial Vagal Cardiac Nerves

Left side

One or two cranial vagal cardiac nerves arose from the
lef't vagus nerve, just cranial to the origin of the brachio-
cephalié artery. One nerve sometimes passed to the dorsum of
the brachiocephalic artery. The other constant nerve
ramified onto the pulmonary artery and aorta in the area of
the ligamentum arteriosum. Fibers sometimes reached the
cardiac plexus ventrally from this area.

Right side

A nerve left the right vagus nerve, ventral to the sub-
clavian artery, and passed caudally on the brachiocephalic
artery to its origin. Here the-nerve ramified on the aorta

and brachiocephalic artery.
Caudal Vagal Cardiac Nerves

Left side

Several small left vagal cardiac nerves originated from
the vagus nerve within three centimeters caudal to the origin
of the left recurrent laryngeal nerve. Two or three Jjoined
the cervicothoracic and thoracic cardiac nerves on the vena
hemiazygos and, with these nerves, contlnued ventrally to the

heart, as described in the latter. As previously described,
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the areas innervated include the left auricle and atrium,
caudal and right portions of the left ventricle, interatrial
and interventricular septa and the caudal right ventricle.

An additional three or four nerves entered the cardiac
plexus between the branching pulmonary artery and the origin
of the primary bronchi. Its main continuation through the
plexus extended ventrally between the branches of the pul-
monary artery and continued between the caudal vena cava and
the left atrium to the coronary groove. Here it ramifiled
along the circumflex branch of the left coronary artery into
the interatrial and interventricular septa and onto the right
and left ventricles.

Right side

Two to four right caudal vagal cardiac nerves arose from
the right vagus nerve between the origin of the recurrent
laryngeal nerve and the apical bronchus. They passed
caudoventrally between the trachea and cranial vena cava,
communicating freely with the right thoracic and cervico-
thoracic cardiac nerves. 'In most cases the nerves joined
into a single trunk before splitting into major branches.
Their branches could be followed through the cardiac plexus
to the following areas: one branch continued through the
right side of the plexus, sent a twig between the vena cavae,
and ramified on the right lateral wall of the right atrium;
a4 continuing twig passed caudally between the right branch of

the pulmonary artery and the right pulmonary veins and passed
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ventrally between the caudal vena cava and left atrium to
reach the areas of the coronary sinus where it ramified into
. the interatrial and interventricular septa and along the right
longitudinal sulcus; another main branch continued towards
the left side between the cranial vena cava and aorta to
ramify along the course of the right coronary artery.

The remaining large branch continued through the plexus
to the left side caudal to the aorta. It continued along
the anterior aspect of the left auricle and into the coronary
groove and left longitudinal sulcus. Areas supplied by this
branch included the caudal and ventral parts of the left
auricle, the left side of the left ventricle and the 1éft

caudal portion of the right ventricle.

Recurrent Cardiac Nerves

Left side -

Two or three small nerves arose from the left -recurrent
laryngeal nerve after it reached the right side of the aorta.
These entered the cardiac plexus and were distributed pri-
marily to the areas along the circumflex branch of the left
coronary artery on the caudal and right portions of the heart,
as described under the right caudal vagal cardlac nerves.

Right side

One or two nerves, less than half a millimeter in width,
left the right recurrent laryngeal nerve as 1t coursed

ecranially around the medial side of the right subclavian
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artery. It combined with a small caudal ventral cervico-
thoracic nerve and passed caudally between the trachea and
cranial vena cava to the cardiac plexus. Its main con-
tinuation passed between the aorta and right auricle and
ramified along the right coronary artery onto the right

auricle, atrium and ventricle.
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GANGLIA (FIGURES 7, 8, 21, 22 AND TABLE 4)

Thoracic Ganglia

Caudal to the cervicothoracic ganglion, independent
ganglia began at the second intercostal space. They lay
approximately one centimeter from the midline on either side,
one occupying each intercostal space. The ganglion at the
left, fifth intercostal space was larger than the other

thoracic ganglia and gave a large branch to the heart.
Cervicothoracic Ganglion

This ganglion, on both sides, was located on the ventro-
lateral surface of the longus collimuscle, ventral to the
head of the first rib. It was composed of the caudal cervical
and first thoracic ganglia. Raml communicantes were followed
from this ganglion as far cranial as the second cervical
Spinal nerve via the vertebral nerve. Caudally they
Communicated at least to the second thoracic spinal nerve.

The right ganglion was Slightly longer than the left (Table 4).
Ansa Subeclavia

The ansa subclavia passed around the subclavian artery
Irom the cervicothoracic ganglion to the vertebral ganglion
Oy means of single cranial and caudal limbs of approximately

€Qual size, The caudal 1limb passed from medial to lateral
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caudal to the origin of the vertebral artery, then cranial,
ventral to the subclavian artery and Jjolned the vertebral
ganglion just cranial to the vertebral artery on the
ventrolateral surface of the trachea on the right, or
esophagus on the left., The cranial limb passed ventrally
from the cervicothoracic ganglion medial to the vertebral
artery and Jolned the vertebral ganglion also. The caudal
limbs were again much longer than the cranial ones, but they
were of approximately equal diameter (Table 4). About half

of the caudal limb was in close contact with the vagus nerve.
Intermediate Ganglia

Independent intermediate ganglia were not grossly

observed in the caprine,
Vertebral Ganglion

This ganglion was located at the cranial extrémity of
the limbs of the ansa subclavia just cranial to the costo-
cervico-vertebral artery and ventrolateral to the esophagus
on the left, and trachea on the right. Generally it was
quite small. In one case it was indistinguishable from the
middle cervical ganglion. In another it was located 1in close

apposition to the cervicothoracic ganglion.
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Middle Cervical Ganglion

A distinct, oblong ganglion, cranial to the vertebral
ganglion, was found in the caprine, zero to three centimeters
cranial to the vertebral ganglion on the sympathetic trunk
(Figures 7 and 8). 1In all cases it was longer than the
vertebral ganglion. Direct rami communicantes could not be

traced to the spinal nerves.
Cranial Cervical Ganglion

I was able to retain one goat head. In this specimen
the cranial cervical ganglion measured eight millimeters long
by three centimeters in diameter. It lay ventral to the
fympanic bulla, anterior to the inferior ganglion of the vagus

nerve, not intimately fused to the latter.
Vagosympathetic Trunk

Although separable, the vagus and sympathetic trunks
were found in a common connective tissue sheath from the
nodose and cranlal cervical ganglia to near the vertebral
ganglion. Communicating rami were present between these
trunks throughout the cervical region. No third trunk was
noted accompanying these; however, in one case on the right
and another on the left, a nerve left the vagus cranial to

the vertebral gangllion and passed to the heart.
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CARDIAC NERVES (FIGURES 7, 8, 21, 22, 32 AND TABLE 8)

Thoracic Cardiac Nerves

Left side

A large thoracic cardiac nerve, about one millimeter in
width, was formed by nerves from the sympathetic trunk
mainly between the fourth and sixth intercostal spaces.
Twigs from the second and third thoracic ganglia sometimes
also passed with these nerves. The left thoracic cardiac
nerves passed ventrally along the anterlor border of the
hemiazygos vein, divided, and continued between this vessel
and the left auricle, and between the hemlazygos vein and
left pulmonary vein, to enter the coronary groove. In the
groove it passed cranially along the left circumflex coronary
artery to the right longitudinal sulcus, ramifyling along its
course onto the left aéfium and ventricle into the interatrial
and interventricular septa, and onto the caudal portion of the
right ventricle. Small thoracic nerves passed ventrally
along the intercostal arteries to supply the aorta.

Right side

Although small nerves arose from the right sympathetic
trunk from the second thoracic ganglion caudally, I could not
demonstrate any passing to the heart. Instead, they supplied

the esophagus or aorta. Some passed along the azygos veiln.
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Cervicothoracic Cardiac Nerves

Left side

Cranial cervicothoracic cardiac nerves None were

observed grossly in the caprine,

Caudal cervicothoracic cardiac nerves Two caudal

ventral cervicothoracic cardlac nerves generally left the
left cervicothoracic ganglion and passed to the heart.

Both originated from the caudal limb of the ansa subclavia.
One arose ffom the proximal third of this limb and passed
ventrally, cranial to the former. Cranial to the subclavian
artery it Jjoined the middle cervical cardiac nerve and
passed with this nerve to the heart. The more caudal nerve
left the caudal limb of the ansa subclavia near its junction
with the vagus nerve. It joined the middle cervical cardiac
nerve approximately one to two centimeters caudally, and
vassed to the heart. The main areas of distribution of this
trunk included the aorta, pulmonary artery, and cardiac
plexus, and along the coronary arteries. Further, details
will be given with the middle cervical cardiac nerve, since

1t generally contributed the larger part of the combined
trunk,

Alght side

Two right cervicothoracic cardlac nerves were sometimes

present,
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Cranial cervicothoracic cardiac nerves A single

cranial cervicothoracic cardiac nerve arose from the proximal
‘third of the cranial 1limb of the ansa subclavia. It passed
caudoventrally, medial to the caudal limb of the ansa sub-
clavia, and on either side of the vagus nerve. Medial to the
caudal limb of the ansa subclavia it joined both the vertebral
cardiac nerve and the middle cervical cardlac nerve. These
trunks combined, and joined the large trunk formed by the
caudal vagal cardiac nerves and the right recurrent cardiac
nerve, and all passed as one trunk along the brachiocephalic
artery and between the cranial vena cava and aorta to the
cardiac plexus. In one case the nerve passed independently to
the heart but supplied the same areas as described for the
combined trunks. A main branch of this combined trunk
continued through the right side of the plexus and passed
between the cranial and caudal fénae cavae to ramify on the
lateral wall of the right atrium. Another branch céntinued
caudally, dorsal to the right pulmonary veins, then ventrally
around these to pass again cranlally into the area between

the venae cavae or between the caudal vena cava and the left
atrium into the coronary groove. Several communications
between the left recurrent laryngeal nerve and this trunk
were noted. Another main branch continued through the cardiac
plexus, caudal to the aorta, to the left side where it
ramified along the left longitudlinal sulcus, and also

ecranlially along the course of the right coronary artery.
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Caudal cervicothoracic cardiac nerve The second nerve

from the right cervicothoracic ganglion also joined the
combined trunk just described. After leaving the proximal
third of the caudal 1limb of the ansa subclavia this nerve
passed caudoventrally and Jolned the main, combined, right
heart nerve. In one case this nerve passed independently to

the heart, but supplied the same areas as described for the

combined trunk.

Intermediate Cardiac Nerves

No intermediate cardiac nerves were noted on elther

side.

Vertebral Cardiac Nerves

Left side
Small twigs from the vertebral ganglion followed the

caudal limb of the ansa subclavia ventrally to the subeclavian

artery, and joined the caudal left cervicothoracic nerve and

middle cervical cardiac nerve. This trunk supplied the

aorta, pulmonary artery, and cardliac plexus. Main continuations

through the cardiac plexus continued along the right

coronary artery as well as along the branches of the left

coronary artery on both sides of the heart, as described with

the left middle cervical cardiac nerves.

Right side

No individual vertebral cardiac nerves were noted in four
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specimens, however, in one, a vertebral cardlac nerve passed
directly caudal from the vertebral ganglion to join the
.ecranial cervicothoracic cardiac nerve., These then joined
the large right cardiac nerve trunk, passing to the lateral
wall of the right atrium, the left longitudinal sulcus and

along the right coronary artery.
Middle Cervical Cardiac Nerves

Left side

One or two nerves arose from the ventral surface of the
left middle cervical ganglion and passed caudally, ventral to
the subclavian artery. It was joined by both left caudal
cervicothoracic cardiac nerves and the combined trunk passed
caudally along the brachiocephalic trunk, over the left
lateral face of the aorta, sent branches to it and the pul-
monary artery, and entered the cardiac plexus. Main branches
through the plexus could be followed between the left atrium
and the hemiazygos vein to the coronary groove. They then
passed cranially toward the right longitudinal sulcus,
ramifying on the left ventricular wall, ventrum of the left
atrium, interatrial and interventricular septa, and the
caudal portion of the right ventricle. Other branches fol-
lowed through the plexus, passed along the left longitudinal
sulcus, supplying the left auricle and right and left
ventricles, or followed the right coronary artery to supply

the right ventricle and auricle.
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Right side

Two nerves arose from the ventral surface of the middle
cervical ganglion and passed caudally, uniting after approxi-
mately one or two centimeters, The trunk formed, passed
dorsal to the subclavian artery, medial to the ansa subclavia,
and joined the right recurrent cardiac nerve. These two
nerves, together with the caudal vagal, vertebral, and
cervicothoracic cardiac nerves, formed a large common trunk
which passed to the cardiac plexus. One main continuation of
this common trunk passed to the right atrial wall between the
venae cavae or between the caudal vena cava and the left
atrium. Another coursed to the left, caudal to the aorta,
and continued along the right coronary artery or down the
left longitudinal sulcus. A third nerve sometimes arose
from the cranial ventral border of the middle cervical
ganglion and Joined éhe right cranial vagal cardiac nerve,

This combined trunk supplied the same areas Jjust described.
Cranial Cardiac Nerves

Left side

In two cases a separate cranial vagal cardiac nerve
could be traced as far cranial as the level of the sixth
cervical vertebra. No cardiac nerves arose from the

Sympathetiec trunk cranial to the middle cervical ganglion.
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Right side

The only separate cardiac nerves cranial to the origin
. of the right recurrent laryngeal nerve were single cranial
vagal cardiac nerves seen in two specimens. No cardiac
nerves arose from the sympathetic trunk cranial to the

middle cervical ganglion.
Cranial Vagal Cardiac Nerve

Left side

In two cases a left cranial vagal cardiac nerve could
be traced cranially to about the level of the sixth cervical
vertebra. In both cases the nerve passed caudally from this
area accompanying the left vagus nerve, Just caudal to the
left subclavian artery, in one specimen, the cranial %agal
cardiac nerve joined the left common trunk of the sympathetic
heart nerves and accompanied them to the aorta, pulmonary
artery, cardiac plexus, and other areas previously descrilbed.
In the other specimen the cranial vagal cardiac nerve left
the vagus nerve half-way between the subclavian artery and
the heart, passing separately to the aorta, pulmonary artery
and cardiac plexus.

Two additional left cranial vagal cardliac nerves arose
consistently between the subclavian artery and the left
recurrent laryngeal nerve. They usually passed directly to
the dorsolateral surface of the aorta and to the cardiac

plexus. However, they sometimes sent fibers to the large
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combined left cardiac nerve, thus extending along the cir-
cumflex branch of the left coronary artery to the dorsum of
the left auricle, ventrum of the left atrium, caudal and
right portions of the right ventricle, interatrial and inter-
ventricular septa, and the right caudal portion of the right
ventricle; along the circumflex branch of the left coronary
artery on the left side to the ventrum of the left auricle
and to the right and left ventricles on the left side; and
along the right coronary artery to the ventrum of the right
auricle and to the right ventricle.

Right side

In two specimens right cranial vagal cardiac nerves
were found. One arose from the vagus, approximately one
centimeter cranial to the middle cervical ganglion; the other
Just before the origin of the recurrent laryngeal nerve,
The more cranially ériginating single nerve was joined by
the middle cervical cardiac nerves. This trunk passed
caudally, ventral to the subclavian artery, passed along the
brachiocephalic artery, between the cranlal vena cava and
aorta, and entered the cardiac plexus. From the plexus 1its
branches passed between the cranial and caudal venae cavae to
the right atrial wall, to the left longitudinal sulcus, and
along the right coronary artery. In the other case of a

cranial vagal cardiac nerve, this nerve had the same course

and destination as the previously described nerve, but did not
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receive sympathetic fibers before reaching the heart. In
the remaining three specimens no cranial vagal cardiac nerves

were found.

Caudal Vagal Cardiac Nerves

Several nerves originated from the left vagus between
the origin of the left recurrent laryngeal nerve and the
division of the vagus nerve into a dorsal and ventral
esophageal trunk. The majority of these passed to the
trachea or esophagus.

One left caudal vagal cardiac nerve Joined a left
recurrent cardiac nerve passing caudoventrally. This trunk
passed both between the hemlazygos vein and left atrium; or
between the left atrium and caudal vena cava to the coronary
groove. There it passed cranially, ramifying along the
course of the left circumflex coronary artery in the area of
the coronary sinus.

Other fine left caudal vagal cardiac nerves sometimes
reached the cardlac plexus, but I could trace them no further.

Right side

In addition to fine right caudal vagal cardiac nerves,
which at the caudal limit of right subclavian artery jolned
the large combined cardiac nerve on the right side, two
additional right caudal vagal cardlac nerves were noted.

These two arose from the right vagus, two to four centimeters
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caudal to the right subclavian artery. They passed caudo-
ventrally, sent twigs to the large combined right cardiac
nerve, and continued between the cranial vena cava and aorta
to the cardiac plexus. Branches could be traced ventrally
on either side of the caudal vena cava to the right atrium
and coronary groove. Other branches passed through the
cardiac plexus to the left side, ramifying along the left

longitudinal sulcus or the right coronary artery.
Recurrent Cardiac Nerves

Left side

A left recurrent cardiac nerve joined a left caudal
vagal cardiac nerve and passed to the coronary groove
ramifying along its course into the right side of the left
ventricle and atrium, into the interatrial and interventri-
cular septa and onto_the right caudal portion of the right
ventricle, as already described. Other fine left recurrent
cardiac nerves communicated with the large combined right
cardiac nerve trunk and with the cardiac plexus.

Right recurrent cardiac nerves, leaving the right
recurrent laryngeal nerve near its orligin, combined and
Joined with the other sympathetic cardiac nerves to form a
common cardiac nerve trunk. This passed caudally along the

brachiocephalic artery, between the cranial vena cava and
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aorta, and entered the cardiac plexus. Branches could be
traced through the plexus to the left side caudal to the
aorta. They ramified along the left longitudinal sulcus
onto the right and left ventricles, or passed cranlially
between the aorta and pulmonary artery, continued along the
right coronary artery, and ramified onto the right ventricle

and ventrum of the right auricle.
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GANGLIA (FIGURES 10, 11, 23, 24 AND TABLE 5)

Thoracic Ganglia

Independent thoracic ganglia extended from the first or
second thoracic intercostal space caudally. One ganglion was
located 1n each space and each measured approximately three
millimeters by two millimeters by two millimeters, Caudal to
the longus collimuscle, the thoracic sympathetic trunk
maintained a close relationship to the junction of the head
of the ribs with the thoracic vertebrae. More cranially,
along the longus collimuscle, 1t ascended from an almost
dorsal position to a ventral positlon at the cervicothoracic
ganglion., Throughout its length the thoracic sympathetic
frunk maintained approximately a 15 millimeter paramedian
position. In the area bounded by the descending aorta,
pulmonary artery and vena hemiazygos there was found another
ganglion which may be considered a thoracic ganglion. It
received nerves from the cervicothoracic ganglion as well as

the thoracic sympathetic trunk more caudally.
Cervicothoracic Ganglion

In the porcine this ganglion extended from just cranial
to the first rib to the first intercostal space on the
ventrolateral surface of the longus collimuscle. On the

left it was partially divided by the vertebral artery which
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traverses its middle. This artery did not divide the
ganglion into the caudal cervical and thoracic divisions,
however.

In two cases on the left side and in three on the right,
a distinctly separate ganglion was located in the first inter-
costal space. Grossly, this investigator was unable to
determine if this resulted in a complete separation of the
caudal cervical ganglion from the thoracic ganglia. In the
remainder of the specimens the caudal cervical ganglion and
first thoracic ganglion united to form the cervicothoracic
ganglién.

Additionally, on the left side, both limbs of the ansa
Subclavia were associated with this ganglion, lending support
to the inclusion of the vertebral ganglion in the cervico-
thoracic ganglion.

Rami coﬁmunicantés extend caudally from the cervico-
thoracic ganglion to at least the first thoracic spinal
nerve. Cranially, via the vertebral nerve, they extended as

far as the second cervical spinal nerve.
Ansa Subclavia

On the right side the caudal limb of the ansa sub-
clavia from the cervicothoracic ganglion passed ventral and
medial to the costocervical artery, continued caudally then

laterally around the subelavian artery, and ascended anterior
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to the vertebral artery to joln the vertebral ganglion.

The cranial 1limb on the right side was considerably shorter
and thicker than the caudal 1limb., It extended medially to
the vertebral artery from the cervicothoracic ganglion, and
ventrally and cranially to reach the vertebral ganglion.

On the left side, in four of the five specimens, the
vertebral ganglion was joined with the cervicothoracic
ganglion and the ansa subclavia and, therefore, appeared to
complete a circle with itself. In the fifth specimen no ansa
subclavia was identifiable., The portion of the caudal limb
cranial to the subclavian artery was approximately the same
width as the portion caudal to the artery. Both limbs were
very thin and could easlly escape casual observation. In one
case, the caudal part of the caudal 1imb of the ansa Sﬁb—

clavia was double.
Intermediate Ganglia

A ganglion was located on both sides as the ansa sub-
clavia approximated the caudoventral aspect of the sub-
clavian artery. Their size varied only slightly between

sides and between specimens (Figures 10, 11, 23, 24),
Vertebral Ganglion

This ganglion in the porcine was incorporated into the
cervicothoracic ganglion on the left side. On the right

slde, however, 1t remained independent, lylng Jjust cranial
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to the vertebral artery on the lateral face of the trachea,
approximately five millimeters dorsal to the right vagus

nerve. It was quite large (Table 5).
Middle Cervical Ganglion

In two specimens, this small ganglion was located on the
sympathetic chain cranial to the cervicothoracic ganglion.

It was not connected to the ansa subclavia.
Cranial Cervical Ganglion

In the pig this ganglion lay slightly more ventral than
in the other species. It was located medial to the para-
mastoid process of the occipital bone, ventral to the
tympanic bulla, about one centimeter ventral to the inferior
ganglion of the vagus. In a specimen of about forty pounds,
1t measured about ténﬁmillimeters by four millimeters by

three millimeters.
Vagosympathetic Trunk

The vagus nerve and sympathetic trunk were held in a
loose association in a common connective tissue sheath, from
the cranial cervical ganglion and inferior ganglion of the
vagus to the area of the seventh cervical vertebra. No
independent third trunk arose from either trunk in the
cranial two thirds of the cervical course, however, in the

caudal third, on the left side, one or two nerves arose from
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the vagus nerve and accompanied the vagosympathetic trunk

towards the heart.

CARDIAC NERVES (FIGURES 10, 11, 23, 24, 33 AND TABLE 8)

Thoraclc Cardiac Nerves

Left side

Two or three thoracic cardiac nerves, less than one half
millimeter in width, arose from the first and second thoracic
ganglia and passed to the intermediate ganglion. Branches
from this ganglion were then detached to the cardiac ganglion
of the intervascular triangle, located between the vena
hemiazygos, aorta, and pulmonary artery. Here they Jolned the
thoracic cardiac nerves from the fourth, fifth and sixth and
occasionally the seventh thoracic intercostal spaces, and
passed to the heart. From their origin, the fifth, sixth and
seventh thoracic cardiac nerves passed ventrally on the inter-
costal veins to the vena hemiazygos, and continued ventrally
on this vessel to Jjoin this ganglion. The fourth thoracic
cardiac nerves passed ventrally and also jolned this cardiac
ganglion. A few twigs from these nerves sometimes by-passed
the ganglion. Some fibers entered the cardiac plexus,
however, most continued along the vena hemiazygos, between
the pulmonary veins and the left auricle, and joined the left
circumflex coronary artery in the coronary groove. Twigs

continued cranially radiating onto the ventrum of the left
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atrium and over the left ventricle, into the interventricular
and interatrial septa, and the caudal portion of the right
ventricle. Other twigs supplied the caudodorsal portion of
the left auricle as the mailn trunk passed thls area.

Right side

Thoracic cardiac nerves from the first and second
thoracic intercostal spaces coursed ventrocranially and entered
the right intermediate ganglion. Together with the right
vertebral and cervicothoracic cardliac nerves, these nerves
left this ganglion and passed to the heart, as described with
the latter nerves. Branches followed through the cardiac
plexus and along each coronary artery from near ftheir origins.
They supplied the cranial and ventral portions of the atria,
the right ventricle in common with the right coronary artery,
the right and left ventricles from the left longitudinal
sulcus, and the left side of the left ventricle from the
coronary groove.

Nerves from the right sympathetic chain caudal to the
Second thoracic intercostal space could be traced to the
aorta, but the author was unable to demonstrate branches

to the heart.

Cervicothoracic Cardiac Nerves

Left side

Cranial cervicothoraclc cardiac nerves From one to

four cranial cervicothoracic cardiac nerves generally arose
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from the ventral surface of the cranial portion of the
cervicothoracic ganglion. Three passed caudally, ventral
"to the subclavian artery, where one nerve joined the left
intermediate ganglion. Some fibers, or a separate nerve,
sometimes bypassed this ganglion and two or three centimeters
caudal to the intermediate ganglion rejoined the trunk which
passed through it. Together, these nerves coursed caudally,
lateral to the aorta, and mainly Jjoined the cardiac ganglion
of the intravascular triangle located between the aorta, pul-
monary artery and vena hemiazygos. A few fibers bypassed the
ganglion and joined its postganglionic fibers or thoracic
cardiac nerves which also bypassed the ganglion. Together
these nerves entered the coronary groove, caudally, with the
vena hemiazygos. They continued to the right side and
cranially with the circumflex branch of the left coronary
artery. Twigs were given off to the caudal dorsal part of
the left auricle, the ventral portion of the left atrium, the
right side of the left ventricle, the interatrial and inter-
ventricular septa, and along the right longitudinal sulcus
to both ventricles.

Another nerve from this area of the cervicothoracic
ganglion did not go either to the intermediate ganglion or
to the cardiac ganglion of the left intervascular triangle.
It joined the cranial left vagal cardiac nerve and passed

ventral to the subclavian artery, across the left lateral
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face of the aorta, and around its caudal border, and entered
the cardiac plexus. Branches of this nerve supplied the left
slide of the aorta, particularly near the ligamentum arteriosum.

Caudal cervicothoracic cardiac nerves One caudal

cervicothoracic cardiac nerve left the middle of the caudal
border of the left cervicothoracic ganglion. It passed
caudally on the medial side of the left subclavian artery.
It continued caudally on the right side of the aorta and
entered the cardiac plexus. It sometimes joined the left
recurrent laryngeal nerve cranial to the aorta and possibly
reached the cardiac plexus by passing along this nerve
caudally.

Right side

Cranial cervicothoracic cardiac nerves None were

observed grossly in the porcine.

Caudal cervicothoracic cardiac nerves One or two

nerves arose from the caudoventral pole of the right cervi-
cothoracic gangllon and passed directly to the right inter-
mediate ganglion. As is described for the right intermediate
cardiac nerves, these nerves, together with the right verte-
bral cardlac nerves and the cervicothoracic cardiac nerves,
then continued, ﬁsually, as two trunks. One passed between
the right auricle and pulmonary artery, by coursing around
either side of the cranial vena cava, and continued to the

cranial portion of the coronary groove following the right
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coronary artery. The other passed through the cardiac plexus,
coursed caudal to the aorta to the left side, and ramified
along the left longitudinal sulcus. The main supply of the
right cervicothoracic cardiac nerves included the cranial and
ventral portions of the right auricle, the right ventricle,
the cranial and ventral portions of the left auricle, and the
left side of the left ventricle. (Further notations will be
found in the section on intermediate cardiac nerves.)

A few twigs from the right cervicothoracic cardiac nerves
sometimes passed to the right vagus nerve, just caudal to the
subclavian artery. These twigs accompanied the right caudal
vagal and right recurrent cardiac nerves to the lateral wall
of the right atrium, along the right coronary artery, and into

the left longitudinal sulcus.
Intermediate Cardiac Nerves

Left side

As described under the section on the left cervico-
thoracic cardiac nerves, left intermedlate cardiac nerve
fibers accompanied the former to the cardiac ganglion of the
left intervascular triangle located between the aorta, pul-
monary artery and vena hemiazygos. Here they joined thoracic
cardiac nerves and all passed to the heart together along the
vena hemiazygos. The areas supplied included: the dorso-
caudal part of the left auricle, ventrum of the left atrium,

right interatrial and interventricular septa, right side of
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the left ventricle, and the caudal portion of the right

ventricle.

Right side

Two nerve trunks generally arose from the right inter-
mediate ganglion and passed to the heart. These trunks were
formed by the right intermedlate cardiac nerves and right
vertebral and cervicothoracic cardiac nerves. Together they
coursed caudally on the dorsum of the cranial vena cava, or
one trunk dipped ventral to the cranial vena cava into the
area Just anterior to the aorta. In elther case, one nerve
entered this area and followed the craniomedial border of the
right auricle to the anterior aspect of the coronary groove.
Nerve fibers followed the right coronary artery and its
branches to the right ventricle. As the nerve trunk was
following the border of the right atrium it also gave branches
to the medial and antefior portions of this chamber,

The other trunk, passing on the dorsum of the cranial
vena cava, continued between this vessel and the aorta into
the cardiac plexus. Its main continuation was followed to
the left side along the cranial edge of the left auricle and
into the left longitudinal sulcus. In route, it sent twigs to
the cranial and ventral portions of the left auricle, the part
of the left ventricle on the left side, and the left caudal
portion of the right ventricle.

Branches from either, or both, of these trunks also
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radiated out into the lateral surface of the right atrium

from between the two venae cavae,
Vertebral Cardiac Nerves

Left side

Because the left vertebral ganglion was intimately fused
with the cervicothoracic ganglion, no independent nerves were
discussed here, It was assumed that nerves from this ganglion
passed with the left cervicothoracic nerves to the heart.

Right side

Nerves from the right vertebral ganglion passed to the
left phrenic nerve, carotid artery, brachiocephalic trunk,
cranial vena cava and right vagus nerve, in addition to the
main trunk from the caudoventral portion of the right verte-
bral ganglion which joined the right intermediate ganglion.
As described under the right intermediate cardiac nerves,
combined trunks, composed of right vertebral, intermediate,
and cervicothoracic cardiac nerves, passed from the inter-
mediate ganglion along the right coronary artery to the right
atrium and ventricle; between the venae cavae to the lateral
right atrial wall; and on the left side along the left
longitudinal sulcus to the left and right ventricles and
left coronary groove to the left atrium and ventricle. In
one specimen, one independent right vertebral nerve was noted.

This coursed caudally from the right vertebral ganglion,
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ventral to the subclavian artery, alcong the dorsum of the
cranial vena cava, and entered the cardiac plexus giving

branches mainly to the area between the venae cavae.

Middle Cervical Cardiac Nerves

Left side

In two of the five cases, a middle cervical ganglion
was present. One of these had no caudal connections, except
to the cervicothoracic ganglion. The other had two small
cardiac nerves which arose from its ventral border and passed
caudally, ventral to the subclavian artery. The nerves
passed on either side of the aorta and ramified on the cardiac
plexus.

Right side

No independent middle cervical cardiac nerves were

demonstrated on thié side.
Cranial Cardiac Nerves
No cranial cardiac nerves were demonstrated on either
side,.
Cranlal Vagal Cardiac Nerves

Left side
Two cranial vagal cardiac nerves arose from the left
vagus about two or three centimeters cranial to the left

subclavian artery. Each nerve passed ventral to the subclavian
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artery, over the left lateral surface of the aorta, ventrally
between the aorta and pulmonary artery just cranial to the
ligamentum arteriosum, and into the cardiac plexus.

One, left cranioventral cervicothoracic cardiac nerve
joined one cranial vagal trunk along its course.

Right side

In one case a cranlal vagal nerve arose from the right
vagus nerve approximately two centimeters cranial to the
origin of the right recurrent laryngeal nerve. It coursed
caudally between the aorta and cranial vena cava to enter the

cardiac plexus.
Caudal Vagal Cardiac Nerves

Left side

Generally, three to six nerves, approximately one milli-
meter in width, arose from the left vagus nerve, within four
centimeters caudal to the origin of the left recurrent
laryngeal nerve. These nerves either passed into a plexus on
the dorsum of the trachea, or passed directly along the vena
hemiazygos to the heart. Main branches from this plexus
passed to the lungs; however, two or three branches arose
from the cranial aspect of the plexus and passed, with
sympathetic fibers from the cervicothoracic and thoracic
ganglia, along the vena hemlazygos to the caudal and right
portions of the coronary groove. Twigs passed to the caudal

left auricle, right side of the left ventricle, ventral left
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atrium, interatrial and interventricular septa, and along
the right longitudinal sulcus, ramifying onto both ventricles.

Right side

A right caudal vagal cardiac nerve arose within two
centimeters caudal to the origin of the right recurrent
laryngeal nerve. It received the right recurrent cardiac
nerve and twigs from the rlght cervicothoracic cardiac nerves,
and passed caudally on the dorsum of the cranial vena cava.

It gave twigs to the area between the cranial and caudal

venae cavae to the right atrium and continued into the cardiac
plexus. Contributions were made along the right coronary
artery to the right auricle and ventricle, to the left side
along the left longitudinal sulcus ramifying onto both right
and left ventricles, and caudally on the left in the coronary
groove sending twigs to the cranial ventral parts of the left
auricle and also the left side of the left ventricle.

Another one or two right caudal vagal cardiac nerves,
approximately half a millimeter in width, left the right
vagus nerve Just caudal to the right primary bronchus, approxi-
mately at the level of the sixth thoracic vertebra. They
passed ventrally between the bronchi into the area between the
caudal vena cava and the left atrium. Some continued
ventrally to the coronary groove, where they ramified; others
bassed onto the caudal vena cava. Those which passed
Cranially over the caudal vena cava entered the area of the

right atrium between the cavae and ramified.
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In two cases, another small nerve arose from the right
vagus between the two points of origin for the vagal cardiac
nerves just described. In these cases, the nerve passed to

the right pulmonary veilns and into the cardiac plexus.
Recurrent Cardiac Nerves

Left side

A left recurrent cardiac nerve passed ventrally and
laterally to join the left caudal vagal cardlac nerves
descending on the vena hemiazygos to the coronary groove.
Its distribution, along the course of the left circumflex
coronary artery, was the same as that for the left caudal
vagal cardiac nerves. After turning onto the right face of
the aorta, two or three small twigs passed ventrally ffom the
left recurrent laryngeal nerve and entered the cardiac plexus.

Right side

The right recurrent cardiac nerve left the right
recurrent laryngeal nerve within five millimeters after the
latter's origin. It Jjoined fibers from the caudal vagal and
right caudal cervicothoracic cardiac nerves, and together
they passed caudally on the dorsum of the cranial vena cava
to the cardiac plexus, Its distribution was the same as
described under the right caudal vagal cardlac nerves onto
the lateral wall of the right atrium, along the left longi-

tudinal sulcus, and along the right coronary artery.




126

AT A A R R R L

FELINE

H
o=t
£
<
ny

R g AR Y SRR IR e T ey 1y e g BT R g



127

GANGLIA (FIGURES 11, 12, 25, 26 AND TABLE 6)

Thoracic Ganglia

Independent thoracic sympathetic chain ganglia began
cranially at the third or fourth intercostal space, approxi-
mately three-quarters to one centimeter from the midline,
and maintained this relationship caudally. One ganglion,
approximately two millimeters craniocaudal by one millimeter
dorsoventral by one millimeter mediolateral, was found at each

of these interspaces.
Cervicothoracic Ganglion

This ganglion was located on the lateral face of the
longus colll muscle at the level of the flirst intercostél
space on the right, and extended between the first and second
intercostal spaces on the left (Figures 11 and 12). It was
composed of the caudal cervical and first two or three
thoracic ganglia with rami communicantes extendlng caudally
to at least the third thoracic spinal nerve. Cranially, I was
able to demonstrate rami communicantes only to the sixth,
seventh, and eighth cervical spinal nerves. Bilaterally,
this ganglion averaged approximately seven millimeters
craniocaudally by four to five millimeters dorsoventrally by

two millimeters mediolaterally (Table 6).
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Ansa Subclavia

The two limbs of the ansa subclavia pass ventrally, on
either side of the subclavian artery from the cervicothoracic
ganglion to the vertebral ganglion. The caudal 1limb was
typically double. Both caudal parts passed caudal to the
origin of the internal thoracic artery before passing crani-
ally to the vertebral ganglion. Both limbs of the ansa sub-
clavia on the left side were shorter than thelr corresponding
homologs on the right. The posterior limbs also were pro-
portionately longer than the anterior limbs on both sides
(Table 6). The left caudal limbs lay in close apposition to
the vagus nerve for approximately one centimeter of its one
and one-half centimeters average total length. The right
caudal 1limb lay in the same relationship for one and one-half
centimeters of its two and one-quarter centimeters average
total length. The dilameter of the caudal limbs (about one
millimeter) was greater than that of the cranial 1limb (about

five-tenths of a millimeter).
Intermediate Ganglia

In three instances on the left side, a grossly visible
intermediate ganglion was noted at the point where the caudal-
most caudal 1limb of the ansa subclavia approximated the vagus
Neérve, 1In two of these instances 1t measured approximately

Ohe-half of a millimeter in diameter. 1In the third, it
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measured four millimeters craniocaudal by three millimeters
dorsoventrally by two millimeters medlolaterally. No ganglion
was noted grossly at this location in the other seven speci-
mens. No grossly visible counterpart was noted on the right
side.

Vertebral Ganglion

This ganglion in the cat was located at the cranio-
ventral end of the limbs of the ansa subclavia (Figures 11 and
12). On the left side it lay directly anteriomedial to the
vertebral artery just dorsal to the vagus nerve. On the right
side 1t maintained this relationship, except that i1t was
slightly more cranial. It measured approximately three to
four millimeters craniocaudally, one and one-half millimeters
dorsoventrally, and one millimeter mediolaterally (Table 6).
Rami communicantes were usually not demonstrated, but when

present passed to the sixth cervical spinal nerve.
Middle Cervical Ganglion

No independent middle cervical ganglion was noted in

the cat.
Cranial Cervical Ganglion

Lying ventromedial to the tympanic bulla this ganglion
was in close apposition to the nodose ganglion. It measured
approximately eight millimeters rostrocaudally, three milli-

meters dorsoventrally, and two millimeters medlolaterally.
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Rami communicantes passed to the first and second cervical

spinal nerves.
Vagosympathetic Trunk

Although separate, the vagus nerve and sympathetic trunk
bn each side were enclosed in a common connective tissue
sheath from the nodose and cranial cervical ganglion nearly
to the vertebral ganglion. Communicating twigs were present
along their course. A third separate trunk arose from the
left cranial cervical ganglion, together with twigs from the
left anterior laryngeal and vagus nerves, and passed caudally
to the heart. It lay 1n close apposition to, although
distinctly separate from, the sympathetic trunk until it
reached the ansa subclavia and then 1t accompanied the vagus
nerve to the heart. No discretely separate nerve was noted on
the right, although one nerve, of similar size (one-fourth

millimeter), originated from the right vagus nerve cranial to

the vertebral ganglion and passed to the heart.

CARDIAC NERVES (FIGURES 11, 12, 25, 26 AND TABLE 8)

Thoracic Cardiac Nerves

Lef't side
Fine nerves from the third thoracic ganglion, caudally,
passed from the sympathetic chain, ventrally, along the inter-

costal arteries to the aorta. The left thoracic cardiac
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nerves, from the third to fifth thoracic ganglia, were noted
as Joining the dorsal cervicothoracic cardiac nerve, thereby
‘ultimately entering the cardiac plexus.

Right side

Although numerous fine nerves passed ventrally from the
thoracic sympathetic trunk, particularly along the azygos
vein, I could ascertain only three or four nerves which could
reach the heart. These originated from the third and fourth
thoracic ganglia, Jjoined the right vagus nerve, and pre-
sumably passed to the right atrium with the caudal vagal

cardlac nerves.

Cervicothoracic Cardiac Nerves

Left slde

Typically two or three cervilicothoraclc cardlac nerves
originated from the left cervicothoracic ganglion.

Cranial cervicothoracic cardiac nerves None were

observed grossly.

Caudal cervicothoracic cardiac nerves A dorsal

cervicothoracic cardiac nerve, measuring approximately
twenty-five hundredths of a millimeter in diameter, arose from
the caudodorsal border of the cervicothoracic ganglion. It
passed caudally along the dorsolateral border of the left
subclavian artery. Slightly anterior to the origin of this
vessel from the aorta, this nerve Jjoined the left ventral

cervicothoracic cardiac nerve. The left ventral
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cervicothoracic cardiac nerves, usually one or two in number,
arose from the left cervicothoracic ganglion in common with
the caudal limb of the ansa subclavla. These nerves followed
this limb for a short distance then passed caudally as one
trunk, approximately seventy-five hundredths of a millimeter
in diameter, following the left vagus nerve towards the heart.

This trunk Jjoined the left dorsal cervicothoracic cardiac
nerve near the origin of the left subeclavian artery. The
combined trunk passed over the left lateral face of the aorta
and ramified near the caudolateral border of the aortic arch.
In this small area between the left primary bronchus, pul-
monary artery, and aorta the cervicothoracic cardiac nerves
were also joined by the left cranial vagal cardiac nerves.

The principal branches from this ramification passed
caudally, lateral to the pulmonary artery, and coursed
caudoventrally betweén the left auricle and left pulmonary
velns., After entering the coronary groove they ramified
along the course of the left circumflex coronary artery and
1ts branches onto the right side of the left ventricle,
ventrum of the left atrium, interventricular and interatrial
Septa, and caudal portion of the right ventricle.

The remainder of the branches from the area bounded by
the primary bronchus, pulmonary artery, and aorta, passed to
the aorta, pulmonary artery, left pulmonary veins, and into

the cardiac plexus. Some flbers continued cranially through
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the cardiac plexus between the aorta and pulmonary artery to
Join with the trunk formed by the right caudal vagal, right
rcervicothoracic, right vertebral, and right recurrent cardiac
nerves. These nerves followed the right and left coronary
arteries from their origin to their ramification over the
right ventricle, the left cranilal portion of the left ventri-
cle and the cranial and ventral portion of the right and left
gurlele.

Right side

In eight of the ten cats, all the right cervicothoracic
cardiac nerves passed with the caudal 1limb of the ansa sub-
clavia as far as their junction with the vagus nerve, just
caudal to the subclavian artery. From this point, right
caudal vagal cardiac nerves, right vertebral cardiac ﬁerves,
and right recurrent cardiac nerves joined one cervicothoracic
cardiac nerve and passed caudally on the ventral surface
of the trachea. This trunk passed between the anterior vena
cava and aorta into the cardiac plexus. The main continuation
was followed to the left side of the heart to the aorta. It
proceeded cranially around either side of the pulmonary artery,
and then along the right and left coronary arterles into the
right coronary groove, or the left coronary groove, and
longitudinal sulcus, respectively. From these locations twigs
passed primarily onto the right ventricular wall, but also

onto the cranial and left portions of the left ventricle, and
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the ventral and cranial portions of the auricles.

In two cats, two additional nerves left the right
cervicothoracic ganglion and passed caudoventrally, dorsal
to the vagus. Just anterior to the right apical bronchus
these nerves joined with the right caudal vagal cardiac nerves
and passed to the areas of the heart just described.

The remainder of the right cervicothoracic cardiac
nerves, from the junction of the caudal limbs of the ansa
subclavia and the vagus nerve, passed caudally with the
vagus. At a point immediately anterior to the origin of the
right apical bronchus, these and the caudal vagal cardiac
nerves passed ventrally to the heart. They proceeded between
the right branch of the pulmonary artery and the cranial venae
cavae and ramified on the dorsolateral face of the right
atrium. Their course onto the atrium was either between the
cranial and caudal vené cava, or caudally around the caudal
vena cava, from dorsal to ventral, and then ramifying anter-
iorly onto the right atrial wall. Twigs also passed to the
cardiac plexus, right pulmonary artery, right pulmonary
velns, and cranial and caudal vena cava, and some extended

into the coronary groove in the area of the coronary sinus.
Intermediate Cardiac Nerves

Left side
When the intermediate ganglion was present on the left

Slde, an intermediate cardiac nerve passed caudally from this
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ganglion along the left vagus nerve, with the left ventral
cervicothoracic cardiac nerves. Near the origin of the
brachiocephalic artery it was joined by the dorsal cervico-
thoracic cardlac nerve. The intermediate cardiac nerve
passed to the coronary groove along the left circumflex
coronary artery together with the left cranial vagal cardiac
nerves, the left dorsal and ventral cervicothoracic cardiac
nerves, and the left vertebral cardiac nerves. They supplied
the right and caudal parts of the left ventricle, ventrum of
the left atrium, interventricular and interatrial septa, and
caudal portion of the right ventricle. Other branches passed
to the aorta, pulmonary artery, left pulmonary veins or
cardiac plexus.

Right side

No right intermediate cardiac nerves were ldentified.
Vertebral Cardiac Nerves

Left side

Two to four nerves, approximately two millimeters each,
arose from the left vertebral ganglion along its ventral
border. After passing approximately five millimeters caudally
they joined and continued as one trunk in close apposition
to the left vagus nerve. This trunk joined the common trunk
of the left cervicothoracic cardiac nerves and sent fibers to
the right and caudal walls of the left ventricle, ventrum of

the left atrium, interventricular and interatrial septa,
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caudal portion of the right ventricle, aorta, pulmonary
artery, left pulmonary veins, and cardiac plexus. Twigs
sometimes also indirectly reached the left longitudinal
sulcus and along the right coronary artery.

Nerves from the left vertebral ganglion also sometimes
joined the cranial cardiac nerve, as it passed the vertebral
ganglion, and proceed between the brachiocephalic artery and
left subclavian artery to supply the aorta.

Right side

Three or four nerves, each about two millimeters wide,
left the right vertebral ganglion and joined the right vagus
nerve. They joined both of the cervicothoracic cardiac nerves
to the heart. Thus, their area of supply included the dorso-
lateral face of the right atrium, the pulmonary artery, right
pulmonary veins, cardiac plexus, the anterior halves of the
right and left ventriéles, and the cranial and ventral

portions of both auricles.
Middle Cardiac Nerves
No middle cervical cardiac nerves were identified.

Cranlal Cardiac Nerves

Left side
An independent, five-tenths of a millimeter, nerve,
formed from contributions of the cranial cervical ganglion,

Vagus nerve and cranilal laryngeal nerves, passed caudally
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towards the heart in close apposition to the sympathetic
trunk. At the level of the ansa subeclavia it continued with
the left vagus nerve along the left subeclavian artery and
passed between this and the brachlocephalic trunk to ramlify
on the aorta.

Right side

I could not demonstrate a separate nerve on the right
side to correspond to that described on the left. The only
branch cranial to the right subclavian artery was a cranial
vagal cardiac nerve which originated about one centimeter

eranial to this artery.
Cranial Vagal Cardiac Nerves

Left side

In addition to the vagal fibers passing in the cranial
cardiac nerve, cranial vagal cardiac nerves arose from the
intimately intertwined association with the sympathetic
nerves at the junction of the aorta, pulmonary artery, and
left bronchus. These nerves followed the sympathetic nerves,
previousiy mentioned, into the cardiac plexus, to the aorta and
pulmonary artery, to the caudal and right aspects of the left
ventricle, ventrum of the left atrium, interventricular and
interatrial septa, and caudal portion of the right ventricle.
Twigs sometimes indirectly reached the lef't longitudinal

sulcus and along the course of the right coronary artery, also.
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Right side

One nerve left the right vagus nerve cranial to the
origin of the right recurrent laryngeal nerve and passed
ventrally with the right recurrent cardiac nerves, right
vertebral cardiac nerves, right cervicothoracic cardiac
nerves, and right caudal vagal cardiac nerves. These nerves
passed between the aorta and cranial vena cava and ramified
along the coronary arteries onto the right ventricle, left
cranial part of the left ventricle, and the cranial and

ventral portions of the auricles.
Caudal Vagal Cardiac Nerves

Left side

Two or three nerves arose from the left vagus nerve,
about five millimeters caudal to the origin of the left
recurrent laryngeal ﬁerve, and passed cranio-ventrally to
accompany sympathetic and cranial vagal nerves between the
left pulmonary veins and the left auricle into the coronary
groove., From this groove the nerves ramified onto the right
and caudal left ventricular wall, ventrum of the left atrium,
interventricular septum, interatrial septum, and caudal por-
tlon of the right ventricle. Fine twigs sometimes also
accompanied sympathetic fibers to the cardiac plexus, to the

left longitudinal sulcus, and along the right coronary

artery.



Right side

From the intimate association of the vagus with the
sympathetic nerves as the caudal 1limb of the ansa subclavia
approximates the vagus, caudal vagal cardiac nerves combined
with the recurrent cardiac nerves and the sympathetic cardiac
nerves and passed caudoventrally, ventral to the trachea.
Thelr distribution, as previously described, included the
right ventricle, the left and cranial parts of the left
ventricle, and the cranial and ventral portions of the
auricles. Two or three other caudal vagal cardiac nerves
arose, Just anterior to the right apical bronchus, and
accompanied the cervicothoracic cardiac nerves ventrally to
the dorsolateral portion of the right atrium, sent twigs to
the cardiac plexus, right pulmonary arteries, right pulﬁonary
veins and cranial and caudal vena cava, and sometimes ex-
tended into the coronary groove in the area of the coronary

sinus.

Recurrent Cardiac Nerves

Left slde

I was unable to trace left recurrent cardiac nerves to
the heart; however, small twigs ramified on the caudal border
to the aorta.

Right side

One or two fine right recurrent nerves joined the caudo-

ventrally passing trunk of the sympathetic and vagal nerves,
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which originated near the caudal limb of the ansa subeclavia.

AT CE B TR e

This trunk, as previously described, passed between the
% cranial vena cava and the aorta, from right to left around
% the caudal aspect of the aorta, and followed the coronary
? arteries into the coronary grooves and left longitudinal
? sulcus. The area thus supplied included the right ventricle,

the left cranial part of the left ventricle, and the ecranial

and ventral portilons of the auricles.
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CANINE

PART VII.
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GANGLIA (FIGURES 13, 14, 27, 28 AND TABLE 7)

Thoracic Ganglia

Independent thoracic ganglia were present in each inter-
costal space caudal to and includlng the third or fourth
intercostal space. They were quite uniform in size and
measured about three millimeters craniocaudal by two milli-
meters dorsoventral by one millimeter mediolateral. Cranially
the thoracic sympathetic chain lay on the dorsolateral border
of the longus colll muscle., Caudally it lay along the junctions
of the ribs with the vertebrae and then on the ventrolateral

surface of the quadratus lumborum muscle.
Cervicothoracic Ganglion

The caudal cervical and first two or three thoracic
ganglia fused to form fhe cervicothoracic ganglion in the dog.
This generally lay on the lateral surface of the longus colli
muscle, extending from the cranial border of the flrst inter-
costal space to the caudal border of the second intercostal
Space. In the thoracic region rami communicantes were present
between this ganglion and at least the first four thoracic
Spinal nerves. Cranially I was able to demonstrate rami,
extending via the vertebral nerve, as far cranial as the
Second cervical splnal nerve, The cervicothoracic ganglia

wWere approximately the same size on either side (Table 7).
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Ansa Subclavia

Single cranial and caudal limbs extended from the
cervicothoracic ganglion around the subclavian artery to
the vertebral ganglion. On the left side the limbs were of
approximately equal length. The right limbs were longer than
the left, due to the more cranial position of the vertebral
ganglion and a tendency for the cervicothoracic ganglion, on
this side, to be slightly more caudal than the left one. The
caudal 1limb on the right was also proportionately longer than
the cranial one (Table 7). As in other species, the caudal
limbs passed from medial to lateral, caudal to the subclavian
artery, and continued cranially to join the vertebral ganglion.
The cranial limb passed cranioventrally from the cervico-
thoracic ganglion, medial to the vertebral artery, and jolned

the vertebral ganglion.
Intermediate Ganglia

Independent intermediate ganglia were not grossly

observed in the canine.
Vertebral Ganglion

In the dog this ganglion was located just cranial to the
origin of the vertebral artery at the cranial extremity of
the limbs of the ansa subclavia. It lay on the dorsolateral

surface of the carotid artery and was intimately fused to




¢ ) gl b LR AN i O s {5 1 N R

R

144

the wvagus nerve, particularly on the right side. It was

slightly larger on the left side (Table 7).
Middle Cervical Ganglion

No independent middle cervical ganglia were noted

grossly in the canine.
Cranial Cervical Ganglion

This ganglion lay directly caudoventral to the tympanic
bulla in a close relationship to the inferior ganglion of the
vagus nerve., The latter ganglion lay lateral to the cranial
cervical ganglion and extended slightly more ventral. The
cranial cervical ganglion measured appfoximately thirteen

centimeters in length and four centimeters in diameter.
Vagosympathetic Trunk

The vagus nerve and sympathetic trunk were enclosed in
a common connective tissue sheath, from the inferior
ganglion of the vagus and cranial cervical ganglion to the
vertebral ganglion. They were closely fused and were not
easily separated, due to intermingling fibers. No third
independent trunk from the cranial area accompanied the
vagosympathetic trunk to the thorax.

The width of the vagosympathetic trunk varied between

three and five millimeters.
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CARDIAC NERVES (FIGURES 13, 14, 27, 28, 35 AND TABLE 8)

Thoracic Cardiac Nerves

Left side

In the majority of cases, morphologically, no thoracic
nerves were traced directly to the heart from the left
thoracic ganglia; however, nerves were folloﬁed to the aorta
from these ganglia in all cases. In two specimens nerves
from the third to seventh thoracic ganglia passed caudally
to the seventh intercostal space where they joined a branch
from the eighth thoracic ganglion., The combined trunk
continued with the bronchoesophageal artery cranioventral
between the aorta and esophagus. Fine twigs sometimes
continued over the left primary bronchus and entered fhe
cardiac plexus. In one specimen a cervicothoracic cardiac
nerve joined the thoracic cardiac nerves. In this case the
third thoracic cardiac nerve and the cervicothoracic cardiac
nerve joined on the fourth intercostal artery, continued
ventrally on this vessel, and then passed over the left
lateral surface of the aorta. It continued medially to the
bronchoesophageal artery where it jolned the other thoracilc
cardiac nerves and passed with them to the cardiac plexus.

Right side

I was able to grossly demonstrate right thoracic cardiac

nerves in only one of the dogs. In this case nerves arose
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from the third, fourth and fifth right thoracic ganglia and
followed the vena azygos ventrally. In addition to branches
to the right bronchi and pulmonary vessels, one trunk con-
tinued along the dorsum of the cranial vena cava to the right
atrial wall. Here it ramified between the cavae onto the
right atrium.

In the additional specimens right thoracic nerves were

followed grossly to the great vessels but not to the heart

itself.
Cervicothoracic Cardiac Nerves
Left side
Cranial cervicothoracic cardiac nerves One nerve

arose from the cranial limb of the ansa subclavia and joined
the left craniomedial vertebral cardiac nerve, passing with
it to the heart along the coronary arteries as described for
the latter nerve.

Caudal cervicothoracic cardiac nerves Two to six

caudal cervicothoracic cardiac nerves arose, from the caudal
portion of the cervicothoracic ganglion and the caudal limb
of the ansa subclavia, and passed to the heart and great
vessels, One, previously described, sometimes joined the
thoracic cardiac nerves which entered the cardiac plexus.
The others followed caudally on the brachiocephalic artery
and over the left lateral face of the aorta, supplying these
vessels, the esophagus, and small twigs to the cardiac

plexus.
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Right side
Cranial cervicothoracic cardiac nerves None were
observed in the canine.
Caudal cervicothoracilc cardiac nerves Right caudal

cervicothoraclic cardiac nerves followed the caudal limb of
the ansa subclavia to its ventral limit where they branched
and joined the right wvertebral, vagal and recurrent cardiac
nerves, as well as passing directly to the cranial vena
cava and extending to the cardiac plexus. Those branches
which joined the other right cardiac nerves extended through
the cardiac plexus and along both coronary arteries. This is
more completely explained under the section on the right
vertebral cardiac nerves.

Only in one specimen was a cervicothoracic cardiéc
nerve seen as passing directly from the right cervicothoracic
ganglion to the heart. In this case, a large, one millimeter
nerve left the caudoventral border of the ganglion and
coursed caudoventrally between the cranial vena cava and the
aorta to the cardiac plexus. Twigs were also followed
directly to the dorsolateral surface of the cranial vena
cava, the adjacent right atrium, and the pulmonary vessels

on the right.

Intermediate Cardlac Nerves

No intermediate cardiac nerves were observed in the

canine.
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Vertebral Cardiac Nerves

Generally, four main cardiac nerves originated from the
left vertebral ganglion. These, by location, were found to be
constant in these specimens as the caudolateral, caudomedial,
craniomedial and dorsal vertebral cardiac nerves.

Left caudolateral vertebral cardlac nerve From the

lef't vertebral ganglion this nerve followed the left vagus
caudally and exchanged branches with i1t. After coursing
across the left léteral surface of the aorta and pulmonary
trunk its main branch continued between the left auricle and
left pulmonary veins to the coronary groove. Twigs sometimes
extended to the cardiac plexus. Another branch followed
dorsally onto the left branch of the pulmonary artery. One
or two small twigs left this branch and passed to the cardiac
plexus, Others ramified on the aorta and pulmonary artery.
The main branch of the caudolateral vertebral cardiac nerve,
in its course to the coronary groove, gave nerve fibers to
the caudodorsal part of the left auricle. After reaching the
Coronary groove this nerve followed the circumflex branch

of the left coronary artery. Along thils course it gave twigs
to the ventrum of the left atrium, the right side of the left
Ventricle, the interatrial and interventricular septa and

the caudal portion of the right ventricle from the right

longitudinal sulcus.
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Caudomedial vertebral cardiac nerve This nerve

coursed caudally over the left lateral face of the aorta to
‘the area of the ligamentum arteriosum. Here i1t ramified into
the aorta and pulmonary artery around this structure. One
branch was followed caudally, ventral to the ligamentum
arteriosum, between the aorta and pulmonary artery and into
the cardiac plexus, where it ramified. A twig was followed
to the origin of the right and left coronary arteries and
then along their course with the more important, combined,
right cardiac nerves.

Craniomedial vertebral cardiac nerve This nerve

passed caudally, ventral to the esophagus and trachea,
continued between the left subclavian artery and bracﬁio—
cephalic trunk to the right side, after combining with the
lef't dorsal vertebral cardiac nerve, and ramified in the
cardiac plexus. The largest branch was followed through the
cardiac plexus and back to the left side caudal to the aorta.
It continued between the aorta and pulmonary trunk, just
caudal to the ligamentum arteriosum, and ventrally into the
coronary groove and left longitudinal sulcus, where it
ramified onto the left and cranial sides of the right and
left ventricles. Before reaching the plexus, two branches,
which passed elsewhere, arose from this nerve. One arose
near the origin of the brachiocephalic artery and continued

caudally, lateral to this vessel and the aorta, to join
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the caudolateral vertebral cardiac nerve which it accompanied
along the course of the circumflex branch of the left
coronary artery. A second branch, originating just cranial
to the origin of the brachiocephalic artery and left sub-
clavian artery, ramified in the area between the origin of
these vessels from the aorta.

Dorsal vertebral cardiac nerves One or two dorsal

vertebral cardiac nerves assumed the same pathway to the heart
as the craniomedial vertebral cardiac nerve and terminated
also in the cardiac plexus. Often they combined with the
latter nerve before reaching the plexus. A branch from this
nerve sometimes joined the caudomedial vertebral cardiac nerve.

Right side

In addition to short communications between the right
vertebral ganglion and the right vagus and right recurrent
laryngeal nerves, oné or two independent vertebral cardiac
nerves arose from the caudal pole of this ganglion. One
passed ventrally between the subclavian artery and right
common carotid artery, sending twigs to both, and continued
caudally between the cranial vena cava and aorta. Here it
sent twigs to the cardiac plexus, but its main trunk joined
the more dorsally running right vertebral cardiac nerve.
The more dorsal nerve followed the right vagus from the
vertebral ganglion to a point just caudal to the right sub-

clavian artery. Just caudal to the right subclavian artery
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it was also joined by the right recurrent, right cervicothor-
aclic and caudal vagal cardlac nerves. In one case,the right
dorsal vertebral cardiac nerve did not follow the vagus, but
passed to the area just caudal to the right subclavian artery
by passing medial to this vessel., It then resumed the course,
as in the other specimens. The nerves entered the cardiac
plexus from between the cranial vena cava and aorta where they
were Jjoined by the other right vertebral cardiac nerve. The
main trunk of the combined right cardiac nerves continued
through the cardiac plexus and around the caudal border of
the aorta to the left side, where it joined the origins and
passed along the courses of the coronary arteries. It,
therefore, contributed to the innervation of the right ventral
portion of the right atrium, from along the right coroﬁary
artery, and to the left portion of the right and left ventri-
cles and ventrum of the left auricle, from along the des-
cending and circumflex branches of the left coronary artery.
A branch of the right, more dorsal vertebral cardiac nerve was
also sent to the right atrium between the vena cava before
this nerve reached the cardiac plexus. It radiated on the
right atrium towards the terminal sulcus.

When only one right vertebral cardiac nerve was present,
it assumed the same area of supply as when two were present.

Middle Cervical Cardiac Nerves
No independent middle cervical cardliac nerves were

noted in the dog.
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Cranial Cardiac Nerves

No nerve trunk, separate from the vagosympathetic trunk,

was noted as passing from the cranial region to the heart.

Cranial Vagal Cardiac Nerves

Left side
Small twigs from the vagus nerve, just cranial to or in

the direct viecinity of the vertebral ganglion, joined the left

vertebral cardiac nerves., The largest branch, from cranial

to the ganglion, passed with the caudomedial vertebral nerve,

which also received two or three small nerves from the left

vagus nerve between the left vertebral ganglion and the

origin of the left recurrent laryngeal nerve. One nerve,

from this more distal area, commonly communicated with the

caudolateral vertebral cardiac nerve also. This cranial

vagal cardlac nerve passed with the left vertebral and left

cervicothoracic cardiac nerves to their destinations., This

included the caudal aspect of the left auricle, the right

Side of the left ventricle and ventrum of the left atrium,

interatrial and interventricular septa, and right caudal

part of the right ventricle with the left caudolateral verte-

bral cardiac nerve. With the left dorsal vertebral, left

caudomedial and cervicothoracic cardiac nerves it passed to

the cardiac plexus, with main branches to the left side of the

right and left ventricles, right side of the right ventricles,

and ventrum of the right auricle from along the course of
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the coronary arteries.

Right side

Near the origin of the right vertebral cardiac nerves
small right cranial vagal cardiac nerves joined the former
and accompanied them to their destinations along the coronary
arteries or between the venae cavae onto the right atrium.
Further description of this course can be found under the

right vertebral cardiac nerves.
Caudal Vagal Cardiac Nerves

Left side
Zero to two left caudal vagal cardiac nerves were

observed in the dog. When present these nerves passed directly

cranioventral between the pulmonary artery and left pfimary

bronchus to the cardiac plexus where they ramified.

Right side

Two to five caudal vagal cardiac nerves arose from the
right vagus within three centimeters caudal to the sub-
clavian artery. One caudal vagal cardiac nerve immediately
combined with the more dorsal right vertebral cardiac nerve
and right recurrent cardiac nerve and passed to the heart, as
discussed under the right vertebral cardiac nerve. Its main
supply extends along the course of the coronary arteries and
onto the right atrium between the cavae. Other caudal vagal
cardiac nerves sometimes Joined the more ventral right

vertebral cardiac nerve or passed directly between the cranial
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vena cava and aorta to the cardiac plexus, where they

ramified.

Recurrent Cardiac Nerves

Several left recurrent cardlac nerves originated from
the left recurrent laryngeal nerve after it reached the caudal
right aspect of the aorta. The left recurrent laryngeal nerve
entered into the cardiac plexus in this area and, in most
cases, its identity became lost in the plexus. More
cranially, the left recurrent laryngeal nerve agaln reformed
into a single trunk. After reforming, twigs could be found
between it and the trunk formed by the right vertebral,
vagal, and recurrent cardiac nerves. One left recurrent
cardiac nerve could be traced caudoventrally from its origin
from the left recurrent laryngeal nerve just before the
latter entered the cardiac plexus, and then continued between
the left branch of the pulmonary artery and the left pulmonary
veins and then between the latter vessels and the left auricle
to the coronary groove. Here i1t accompanied the other
autonomic nerves along the circumflex branch of the left
coronary artery. Areas supplied included the ventrum of
the left atrium, right side of the left ventricle, interatrial
and interventricular septa, and right caudal portion of the

right ventricle.
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Right side

From the caudomedial border of the right subclavian
artery one or two short, right recurrent cardiac nerve arose
from the right recurrent laryngeal nerves. They coursed
directly caudoventrally and united, after a short course with
the more dorsal right vertebral cardiac nerve, or right caudal
vagal cardiac nerves. They accompanied these nerves to the
cardiac plexus; along the course of the right coronary artery
to the ventrum of the right auricle, and right ventricle;
along the descending and circumflex branches of the left
coronary artery to the right and left ventricle on the left
side, and to the ventrum of the left auricle; and between

the venae cavae onto the right atrium.
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DISCUSSION

The ganglia and nerves considered in this study often
differed greatly in their particulars between species.,.
Conversely many similarities were also noted. Although some
variations were noted within species, patterns could be
ascertained for each species., In the discussion the order of
the results will be maintained.

It is hoped that the reader will now be accustomed to
the nomenclature used by the present author. In the dis-
cussion, ganglia and nerves referred to by previous authors
by different names than those proposed by the present author

will be transposed to the present terminology.
Ganglia

Thoracic ganglia

In all species the thoracic sympathetic chain lay near
the junction of the ribs with the thoraclc vertebrae. Caudal
to the cervicothoracic ganglion, one independent ganglion was
located bilaterally in each intercostal space. Generally,
these ganglia were less distinct in older animals, parti-
cularly in the equine and bovine. In the ruminants there
was less uniformity in the size of these ganglia, due to the
comparatively greater role played by the more cranial thoracic
ganglia in the thoracic visceral innervation in these species.

In the bovine, ovine, and porcine a distinct macroscopic
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ganglion lay on the left side, caudal to the ligamentum
arteriosum in the vascular triangle bounded by the descending
aorta, pulmonary artery and vena hemiazygos. In domestic
animals, previous researchers have not described this
ganglion which this investigator chose to call the cardiac
ganglion of the left intervascular triangle (Figures 3, 9, 17,
19 and 23). According to the descriptions of Hardesty (1933)

and Mizeres (1963) in man, the ganglion which the present

investigator found in the artiodactyla may correspond to
Wrisberg's ganglion or the cardiac ganglion.

According to Kopsch (1957) the designation, ganglion
cardiacum, (Wrisberg's ganglion) referred to in the Basel
(1895) and Jena (1935) Nomina Anatomicas, was changed to
cardiac ganglia in the 1955 Paris Nomina Anatomica. The
new term assumes that all the ganglia of the heart, including
those numerous microscopic ganglia surrounding the great
vessels, be called cardiac ganglia. Gardner, Gray, and
0'Rahilly (1963) further regarded any ganglia along the
cervicothoracic sympathetic nerves as cardiac ganglila.

This latter designation of cardiac ganglia seems too inclusive
to the present author. Perhaps, inconstant ganglia along the
cervical and thoracic sympathetic nerves to the thoracic
viscera could best be called accessory intraneural ganglia

of the specific nerve in which they are found.

Wolhynski, F. A. (1928) described an accessory intraneural
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ganglion in the bovine on the right side located along the
vena azygos dorsal to the heart, which he called the cardiac
ganglion or Wrisberg's ganglion. According to the descrip-
tions of Wrisberg's ganglion given by Hardesty (1933) and
Mizeres (1963) this cannot be the cardiac ganglion of
Wrisberg. In my investigation I occassionally found very
small ganglia along the course of the cardiac nerves, which
arose not only from the thoracic ganglia but from the
cervicothoracic and cervical ganglia also. The small thoracic
accessory intraneural ganglion along a thoracic cardiac
nerve, which was referred to by Wolhynski, F. A. (1928) as
Wrisberg's ganglion is shown on Figure 4.

Cervicothoracic ganglion

In all species the caudal cervical ganglion and first
one to three thoracic ganglia were commonly fused on each
slde of the body to fbrm the cervicothoracic ganglia. In
the equine this was less complete on the left side than in
all other species, except the porcine.

Independent, first thoracic ganglia may be present in
the porcine., In the porcine, and sometimes in the bovine,
the left vertebral ganglion blends with the cervicothoracic
ganglion. This has not been reported by previous authors
for these species, except by McLeod (1958) in the bovine.

Ellenberger and Baum (1943), Bruni and Zimmerl (1951)
and Sisson and Grossman (1953), noted that the vertebral

ganglion sometimes was 1ncorporated into the cervicothoracic
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ganglion in the horse. On the left side this investigator
found a close relationship between the vertebral ganglion and
cervicothoracic ganglion; however, in all cases these ganglia
could be individually differentiated in the horse. On the
right side of the horse, a greater distance was noted between
these ganglia.

Rami communicantes extended caudally from the cervico-
thoracic ganglion to at least the first thoracic spinal nerve
in the porcine, the second in the caprine, the third in the
equine, bovine, ovine and feline, and the fourth in the canine.
Cranially, rami were followed to the second cervical spinal
nerves in all specles, except the cat.

Christensen, Polley, and Lewis (1952), however, histo-
logically followed the vertebral nerve cranially to the third
cervical spinal nerve in the cat. Silverman (1963), grossly
and histologically, was able to demonstrate rami from the
vertebral nerve cranially only as far as the sixth cervical
spinal nerve in the dog and cat.

Ansa subclavia

In all cases the ansa subclavia was considered as
extending around the subclavian artery, joining the cervico-
thoracic and vertebral ganglia. When these ganglia blended
in the porcine and bovine on the left side, the ansa subclavia
was still present. It extended around the subclavian artery

and returned to the fused ganglia. On the left side Sisson




T

160

and Grossman (1953) did not illustrate an ansa subclavia or
brachialis in the horse. In the present author's dissections
however, it was found in all specimens. Because, compara-
tively, it was very thin on the left side in relation to
other structures in this area it could be easily overlooked
in the equine, porcine, and bovine. Generally, the caudal
limb was longer and thinner than the cranial limb in all
species. The difference in length was less pronounced on

the left side in all species, and on both sides in smaller
specimens. Apparently the caudal 1limb becomes more elongated
in conjunction with the stresses of growth. In the horse

the ratio was high when comparing the lengths and widths

of the caudal limb of the ansa subclavia to the cranial one.
The cranial limb, apparently, generally assumed a greater
role in carrying sympathetic impulses from the cervicothoracic
ganglion to the head; neck, and thorax than did the caudal
limb in this species.

Intermediate ganglia

According to the definition given in the introduction,
these ganglia were grossly found with some regularity only in
the porcine and feline (Figures 10, 11, 12, 23, 24, and 25).
In the feline they were limited to the left side. In both
Species they were located at the caudal ventral border of the
Subclavian artery along the caudal limb of the ansa subclavia.
In neither species had this ganglion been described by

previous authors.



161

Vertebral ganglia

Typically, in all species, the vertebral ganglion lay
just cranial to the origin of the vertebral artery or
combined costocervico-vertebral trunk at the cranial
convergence of the limbs of the ansa subclavia. When the
cranial limb of the ansa subclavia was not present the caudal
limb still proceeded to the vertebral ganglion which was
fused with the cervicothoracic ganglion. As previously
mentioned, the left vertebral ganglion was fused with the
cervicothoracic ganglion in the porcine, and sometimes in
the bovine.

The vertebral ganglia were quite significant in pro-
viding cardiac innervation in the equine, canine, and feline.
Less importance was noted in the porcine, and little -
significance was noted in the ruminants.

Middle cervical ganglia

Independent, grossly visible, middle cervical ganglia
were noted consistently only in the goat. In two cases in the
porcine and three in the sheep a middle cervical ganglion was
noted. In physiologic studies, Waites (1957) illustrated a
ganglion corresponding to the middle cervical ganglion, on
both sides in the sheep. Other investigators have not
noted, in domestic animals, the presence of a ganglion
corresponding to the middle cervical ganglion of man described

by Wrete (1959). More embryologic studies, similar to those
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reported by Laubmann (1931) and Wrete (1959) in man, are
necessary in domestic animals to complete our knowledge of
this ganglion in domestic animals.

Cranial cervical ganglion

In all species this discrete ganglion was found ventro-
medial to the tympanic bulla. Only in the canine and feline
was this ganglion in close apposition to the inferior
ganglion of the vagus. No cardiac nerves were demonstrated
from this ganglion. However, in the cat a twig from the
left ganglion joined twigs from the cranial laryngeal nerve
and from the vagus to form a trunk, independent of the vago-
sympathetic trunk, which passed to the great vessels dorsal
to the heart. This nerve was designated as the dépressor
nerve by early investigators of the cardiac innervation and
has been the subject of numerous investigations in all
domestic animals., It is generally agreed that it is pri-
marily a sensory nerve. Physiologists indicate that the
Sympathetic nerves from the cranial cervical ganglion which
Join the depressor nerve do not reach the heart.

Vagosympathetic trunk

This trunk was composed of the sympathetic trunk to the
head and the vagus to the thoracic and abdominal cavities.
A third independent depressor nerve accompanied the vago-
Sympathetic trunk on the left side in the cat. In the dog

the vagus nerve and sympathetic trunk were fused in the
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cervical region. In the ruminants, equine and feline they
lay 1n close apposition, but could be separated. These nerve
‘trunks, in the porcine, were loosely held in a common

connective tissue sheath.

Cardiac Nerves

Thoracic cardiac nerves

Thoraclc cardlac nerves assumed a greater role in the
cardiac innervation in the ruminant than in other species of
domestic animals investigated, particularly on the left side.

This researcher was in agreement with Perman (1924) and
McLeod (1958) in the calf, and Ionescu and Enachescu (1928)
in the calf and sheep, in reporting left thoracic cardiac
nerves which arose between the cervicothoracic ganglién and
sixth thoracic ganglion on the left side in the bovine, ovine,
and caprine. Wolhynski, F. A. (1928) illustrated left
thoracic cardiac nerves which arose caudal to the seventh
thoracic ganglion in the calf. Perman (1924) was not
specific about the left thoracic cardiac nerves of the goat
and illustrated left thoracilc cardiac nerves only from the
third thoracic ganglion in the sheep. May (1964) indicated
the origin of these nerves as being between the first and
fourth thoracic ganglia on the left i1n the sheep. Wailtes
(1957), in the sheep, psylologically, found no cardio-
accelerator fibers caudal to the fifth thoracic spinal root

on the left side.
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Other investigators have not included the left thoracilc
cardiac nerves in their descriptions of the cardiac innervation
in the equine, bovine, ovine, caprine, and porcine. An
exception 1s the reference to a left cardiac nerve from the
first thoracic ganglion by Tagand and Barone (1964) in the
horse. This nerve, however, is considered by this author
and most others as arising from the cervicothoracic ganglion.
It has been found by this author that the left thoracic
cardiac nerves arose between the left cervicothoracic ganglion
and the sixth thoracic ganglion in the equine and porcine,.

In the porcine they occasionally arose from the seventh
thoracic ganglion also.

Left thoracic cardiac nerves in the equine, bovine,
ovine, caprine, and porcine passed primarily between the
left auricle and left pulmonary veins to the coronary groove.
They continued in the coronary groove to the right side and
cranially into the right longitudinal sulcus. Along this
course they supplied the dorsum of the left auricle, ventrum
of the left atrium, caudal and right walls of the left
ventricle, interatrial and interventricular septa, and
caudal portion of the right ventricle. Perman (1924) and
Ionescu and Enachescu (1928) mentioned only branches to the
ventricles and left atrium in the calf and sheep. The
findings of this researcher, on the areas supplied by the
left thoracic cardiac nerves in the bovine, agreed with

Wolhynski, F. A. (1928) and Wolhynski, T. (1928). In their
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course towards the heart most left thoracic cardiac nerves
passed through the cardiac ganglion of the left intervascular
triangle in the bovine, ovine and porcine. Previous authors
have not noted the entrance of thoracle cardiac nerves into
this ganglion.

In one case, the present author was able to demonstrate
left thoracic cardiac nerves arising from the third to eighth
thoracic ganglia in the canine. In the cat these nerves
were present between the third and fifth left thoracic
ganglia. Saccomanno (1943) indicated that thoracic cardiac
nerves on the left in the cat may arise at least as far
caudal as the fifth or sixth thoracic ganglion. Anufriew
(1928) illustrated them as arising as far caudal as the third
thoracic ganglion. The latter also illustrated a ner&e from
the second thoracic ganglion. Mizeres (1958) found pri-
marily cardiac augmentor fibers from the left thoracic
ganglion but did not give the caudal limits of their origin.
Stromberg (1964) considered the thoracic cardiac nerves on
both sides as inconstant and did not refer to the level of
their origins. Perman (1924) and previous investigators did
not recognize thoracic cardiac nerves in the dog or cat.

In agreement with Schurawlew, (1928), Anufriew (1928),
Saccomanno (1943), and Mizeres (1955a), the present investiga-
tor was able to follow the left thoracic cardiac nerves to the

aorta and cardiac plexus in the canine and feline. These
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nerves may Jjoin the left cervicothoracic cardiac nerves
passing to the cardiac plexus. This investigator was unable
to follow nerves directly to the left atrium and ventricle
in the cat, or directly to the left atrium in the canine, as
did Ionescu and Enachescu (1928). It is possible however
that impulses from these nerves may reach these areas after
passing through the cardiac plexus.

Right thoracic cardiac nerves were found originating
between the cervicothoracic ganglion and the seventh thoracic
ganglion in the horse. They arose as far caudal as the sixth
thoracic ganglion in the bovine and ovine, the fifth thoracic
ganglion in the canine, the fourth thoracic ganglion in the
feline, and second thoracic ganglion in the porcine. Like
Perman (1924), grossly, the present author found no thoracic
cardiac nerves from the right side in the goat. As in all the
other species, however, thoracic nerves of the goat passed to
the aorta. Perman (1924) found right thoracic cardiac nerves
that arose from the third and fourth thoracic ganglia in the
calf. These passed to the right atrium and across the
coronary groove to the right ventricle. No right thoracic
cardiac nerves were illustrated in the sheep. Ionescu and
Enachescu (1928) also included a nerve from the second
thoracic ganglion in the supply of the right atrium in the
sheep and calf. Wolhynski, F. A. (1928) illustrated right
thoraclc cardiac nerves from the third thoracic ganglion

which passed on either side of the caudal vena cava. They
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supplied the right and left atria and continued across the

coronary groove to the right and left ventricles. Twigs from

the right thoracic cardiac nerves, in my findings, may
accompany caudal vagal cardiac nerves across the coronary
groove in the bovine. The present gross dissections agreed
with Waites (1957) in regards to the caudal limits of the right
thoraclic cardiac nerves in the sheep. He determined that
cardlo-accelerator fibers entered cardiac nerves from the
first to sixth thoracic spinal roots. Reference to right
thoracic cardiac nerves in the horse included Tagand and
Barone (1964) mentioning them from the first and third
ganglia and Hopkins (1927) from the first in the horse. In
the canine, Schurawlew (1928) does not illustrate right
thoracic cardiac nerve. Mizeres (1958) elicited caraiac
acceleration from thoracic cardiac nerves as far caudally as
the fourth right thoracic ganglion. Grossly, my results
agreed with Ionescu and Enachescu (1928) who demonstrated the
origin of these nerves caudally as far as the fifth thoracic
ganglion. Right thoracic cardiac nerves were followed
between the vena cava to the lateral wall of the right atrium
in the horse, bovine, ovine, porcine, canine and possibly the
cat. In addition, the right thoracic cardiac nerves in the
horse joined the left thoracic cardiac nerves and the right

and left dorsal cervicothoracic cardiac nerves and passed to

the heart. The main ramifications of these nerves were

along the circumflex branch of the left coronary artery, as ;
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described for the left thoracic cardiac nerves. In the ovine
and porcine right thoraclc cardilac nerves accompanied the
right coronary artery to the right atrium and ventricle.
Additionally, in the porcine and also in the bovine, these
nerves passed to the left and descended in the left longi-
tudinal sulcus. Areas supplied included the left auricle

and right and left ventricles. The right thoracic cardiac
nerves in the cat joined the vagus nerves and_presumably
accompanied the caudal vagal cardiac nerves to the right
atrium.

Cervicothoracic cardiac nerves

In all species except the canine, the left cervlicothoracic
cardiac nerves were followed between the lef't pulmonary veins
and the left auricle to the coronary groove. These nerves
continued to the right side and cranially into the right
longitudinal sulcus. In this course branches were distri-
buted to the dorsum of the left auricle, ventrum of the left
atrium, caudal and right sides of the left wventricle, the
interatrial and interventricular septa, and the right caudal
portion of the right ventricle. Many branches were present
near the cranial end of the coronary sinus. Presumably,
besides their influence on the coronary sinuses, these
nerves and the thoracic cardiac nerves contributed the major
sympathetic innervation to the atrioventricular node. The
latter nerves assumed the major supply to these areas in the

ruminants. The former predominated in the supply of this
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area in the porcine. The left cervicothoracic and left
vertebral cardiac nerves shared the major supply to these
areas in the feline and eduine. In the canine the caudo-
lateral vertebral cardiac nerve provided sympathetic innerva-
tion to this area.

Bisenkov (1965) noted that a depression of the human
during catheterization of the coronary sinus may occur.
Afferent pathways initiating this response were carried by
the left vagus nerve, Perhaps afferent fibers follow the
sympathetic nerves to the thoracic spinal cord from this
area also.

Two left cervicothoracic cardiac nerves in the caprine,
one or two in the ovine, and two to five on the porcine, three
in the equine, three to five in the bovine, two to Six in the
canine and two to three in the feline, were observed. In
the latter four species, besides the areas of the heart just
described as receiving contributions from these nerves,
branches passed along the descending and clrcumflex branch of
the left coronary artery supplylng the left side of the
ventricles, left auricle and interventricular septum. Other

lef't cervicothoracic cardiac nerves accompanied the right

coronary arteries to the right ventricle and auricle in the
equine, bovine, ovine, caprine, canine, and feline.
Previous investigators who indicated cardilacnerves from

the left cervicothoracic ganglion in the horse included (]
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McFadyean (1903, 1922), Mannu (1914), Bruni and Zimmerl
(1951), Sisson and Grossman (1953), Rooney (1956), Usenik
(1957), and Akaevskii (1962). Only McFadyean (1903, 1922)
and Mannu (1914) included the destination for this nerve,
however. The former found that 1t passed to the left auricle.
The latter reported that it passed to the cardiac plexus.

No descriptions of the left cervicothoracic cardiac nerves
were found in the porcine. In the ruminants, Perman (1924)
indicated that the nerves from the left cervicothoracic
ganglion in the calf passed only to the large arteries and
ventral wall of the right ventricle. In the sheep, he
followed them down the left longitudinal sulcus. The course
of the left cervicothoracic cardiac nerves in the goat was
described as the same as that of the calf and sheep. In this
investigator's present research direct left cervicothoracic
cardiac nerves were not followed to the left longitudinal sul-
cus in the ovine. Instead, right cervicothoracic cardiac
nerves passed to the left side, caudal to the aorta, in both
the sheep and goat, and contributed a major sympathetic
portion of the left longitudinal sulcus. In the bovine,
ovine, caprine and feline, Perman (1924) indicated only one
left cervicothoracic cardiac nerve for each species.

McLeod (1958) referred to only one in the bovine, which he
described as passing to the base of the heart. Wolhynski,

F. A. (1928) presented a much more complete description of

the left cervicothoracic cardiazc nerves of the bovine than
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previous investigators. This investigator's findings agreed
with his descriptions of the areas innervated by these nerves.

Two left cervicothoracic cardiac nerves were noted by
Perman (1924) in the canine. In the feline, Perman (1924)
indicated that the innervation of the heart was, for the most
part, similar to that of the dog. The left cervicothoracic
cardiac nerves passed to the atria, dorsal walls of both
ventricles and the lateral wall of the left ventricle.
Saccomanno (1943) illustrated nerves from the left cervico-
thoracic ganglion to the cardiac plexus in the cat. Anufriew
(1928), in the cat, followed them to the areas described in
the present investigation as common to all specles studled,
except the canine. Schurawlew (1928) and Mizeres (1955a)
illustrated left cervicothoraclc cardiac nerves to tﬁe areas
found common to all species in this study. In addition,
Mizeres (1955a) indicated that they pass to the cardiac plexus.
Other authors presented a less complete description of these
nerves. Therefore, their findings will not be discussed.

The present investigation found that three areas were
commonly supplied by the right cervicothoracic cardiac nerves,
One area included the right ventricle and ventral portion of
the right atrium from along the course of the right coronary
artery. A second area was Supplied by the right cervico-
thoracic cardiac nerves which coursed to the left side caudal

to the aorta and descended into the left longitudinal sulcus.
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Branches extend onto both ventricles from this sulcus as

well as to the left side of the left ventricle and ventrum

of the left auricle from branches extending caudally along
the circumflex branch of the left coronary artery. The third
area supplied by the right cervicothoracic cardiac nerves was
the right lateral wall of the right atrium. Most of these
nerves swept over the right atrial wall towards the sino-
atrial node, sometimes others extended across the coronary
groove to the right longitudinal sulcus.

In the equine, nerves were not found to the first area
described. The left vertebral and left cranial cervicothor-
acic cardlac nerves assumed the ilnnervation of this area in
the equine. An additional right cervicothoracic cardiac nerve
in this species was followed, however, with the left cervico-
thoracic and right and left thoracic cardiac nerves, along
the course of the circumflex branch of the left coronary
artery on the caudal right side of the heart into the right
longitudinal sulcus. In the bovine, caprine and ovine a
portion of this latter area described in the equine was
reached by a right cervicothoracic cardiac nerve entering
the coronary groove between the caudal vena cava and the
left atrium,.

In the bovine no nerves were followed directly to the
second area. This area in the bovine was primarily supplied
by right thoracic and left caudal cervicothoracic cardiac

nerves,
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In the equine, Chauveau (1905), McFadyean (1903, 1922),
Mannu (1914), Hopkins (1937), Bruni and Zimmerl (1951),
Sisson and Grossman (1953), Rooney (1956), Usenik (1957),
and Akaevskii (1962) all indicated, directly or indirectly,
that cardiac nerves may arise from the right cervicothoracic
ganglion. McFadyean (1903, 1922) indicated a single branch
accompanied the right coronary artery to the right ventricle.
The present author was unable to demonstrate such a branch
in this investigation, but, instead, found that the left
cervicothoracic and vertebral nerves assumed the sympathetic
innervation along this artery. Mannu (1914), Hopkins (1937)
and Bruni and Zimmerl (1951) indicated that the right cervico-
thoracic cardiac nerves passed to the cardiac plexus. The
latter also mentioned their supplying the atria. Otﬁer
original investigations and textbooks did not include the
destination of these nerves 1n the horse even when their
presence was recognized.

A description of right cervicothoracic cardiac nerves was
not noted in the porcine in previous literature.

Right cervicothoracic cardiac nerves in the bovine and
ovine were illustrated, along the left longitudinal sulcus
to the ventricles; to the right atrium; and onto the wventral
right ventricular wall by Perman (1924), only the former was
found in the goat. As mentioned previously a direct nerve to
the left longitudinal sulcus was not found in the bovine by the

present investigator. Instead, a left cervicothoracic cardiac




ATICARR SRR T

S
b e

SR

!

s

NN -

174

nerve, in agreement with Wolhynski, F. A. (1928), and right
thoracic cardiac nerves contributed the main sympathetic
innervation to this area. In the ovine and caprine the
present author was in agreement with the three areas described
by Perman (1924) as supplied by the right cervicothoracic
cardiac nerves in the ovine. In the caprine, Perman (1924)
indicated only one area supplled by these nerves. In addition
to these three areas, the present investigator found that in
the caprine the right cervicothoracic cardiac nerves passed
between the caudal vena cava and left atrium to ramify along
the circumflex branch of the left coronary artery. The
present findings on the right cervicothoracic cardiac nerves
of the bovine were in accord with those of Wolhynski, F. A.
(1928).

Descriptions by other textbooks or investigators of the
cardiac innervation 1n the ruminant by the right cervico-
thoracic cardiac nerveswere lacking.

In the cat and dog, Perman (1924) found right cervico-
thoracic cardiac nerves joining vagal and recurrent cardiac
nerves., Branches from this combined trunk passed to the ven-
tral portion of the right ventricle and along the left
longitudinal sulcus, ramifying on the ventricles. Schurawlew
(1928) and Nonidez (1939) found no nerves directly from the
right cervicothoracic ganglion in the dog, but noted them

from the posterior 1limb of the ansa subclavia. Schurawlew
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(1928) followed these nerves to the right atrium and auricle
and between the caudal vena cava and left atrium to the
coronary groove in the dog. Schurawlew (1928) attributed

the right vertebral cardiac nerves with supplying the areas

described by Perman (1924) as partially supplied by the right

cervicothoracic cardiac nerves., Mizeres (1955a, 1958) indi-
cated that the right cervicothoracic nerves arose from the
right cervical thoracic ganglion and/or ansa subclavia and

passed to the cardiac plexus and right atrial wall. In the

present study the right cervicothoracic cardiac nerves mainly

joined the right vertebral, vagal and recurrent cardiac nerves,

which passed through the cardiac plexus to the areas des-
cribed both by Perman (1924) and Mizeres (1955a). Anufriew
(1928), 1in-the cat, agreed with Perman (1924) in his éreas
of distribution for the right cervicothoracic cardiac nerves,
but noted, also, branches to the right auricle and atrium.
The present findings were in agreement with Anufriew (1928).

Intermediate cardiac nerves (Refer to Figures 9, 10, 11)

These nerves were found only in the porcine and feline
and only on the left side in the latter. No record of their
previous description was found.

In both species the left intermediate cardiac nerves
passed between the left pulmonary veilns and left auricle to
the coronary groove., They continued cranially to the right

side of the left ventricle and descended into the right
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longitudinal sulcus. In this course they contributed, with
other left thoracic, cervicothoracic, vertebral, and vagal
cardiac nerves, to the dorsum of the left auricle, ventrum of
the left atrium, caudal and right sides of the left ventricle,
interatrial and interventricular septa, and caudal portion of
the right ventricle. In the porcine the left intermediate
cardiac nerves passed through the cardiac ganglion of the

lef't intervascular triangle on their way to the heart.

Right intermediate cardiac nerves were found in the
porcine only. Together with the right vertebral and cervico-
thoracic cardiac nerves they contributed sympathetic fibers
to the right atrium and ventricle from along the right
coronary artery, and to both ventricles and the left auricle
as one branch coursed to the left longitudinal sulcus.

Vertebral cardiac nerves

Considerable variation in the importance of the left
vertebral cardiac nerves was noted. In the porcine, and
sometimes in the bovine, the left vertebral ganglion was
incorporated into the cervicothoracic ganglion, hence, the
cardiac innervation to which it contributed would probably
be included in the cranial cervicothoracic cardiac nerves.
In the rumlinants, the vertebral cardiac nerves assumed
relatively little significance in cardiac innervation, Of
the ruminants studied, only in the caprine were grossly
visable twigs noted which passed to the heart from the

vertebral ganglia. In the equine, canine, and felilne vertebral
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cardiac nerves assumed a large proportion of the sympathetic
cardiac innervation from the left side. In all three of these
species the left vertebral cardiac nerves passed with branches
of the other left cardiac nerves between the left auricle

and left pulmonary veins to the caudal part of the coronary
groove. They continued cranially on the right side and
descended in the right longitudinal sulcus. Along this
course branches passed to the dorsum of the left auricle,
ventrum of the left atrium, caudal and right sides of

the left ventricle, interatrial and interventricular septa,
and right caudal wall of the right ventricle. Probably the
largest branch of the left vertebral nerve in the horse
descended between the aorta and pulmonary artery and con-
tinued along the course of the right coronary artery pro-
viding, in this specles, the major supply to the right
ventricle and ventrum of the right auricle. 1In the caprine,
canine, and feline the right and left vertebral cardiac
nerves were followed along the right coronary artery, as well
as to the left side where they followed the descending and
circumflex branches of the left coronary arteries to this
side of the heart in common with the left vertebral cardiac
nerves. The right vertebral cardiac nerves were followed to
these areas in the porcine. In the equine the right verte-
bral cardiac nerves passed only to the second area. In

addition, right vertebral cardiac nerves were followed between
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the cavae to the lateral right atrial wall in all species,
except the bovine and ovine. In the canine and feline they
also reached the coronary groove on the right side, from
between the caudal vena cava and the left atrium. In the
horse the left vertebral nerve, passing along the right
coronary artery, was recognized by McFadyean (1903, 1922),
Hopkins (1937), and Sisson and Grossman (1953). A right
vertebral cardiac nerve was <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>