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Translators’ preface

The publication of this translated volume provides English versions of three of the five books which
comprise the “Lehrbuch der Anatomie der Haustiere”. Some revision was necessary in the English
edition of the second volume largely to adapt the nomenclature, but this was not required in the
present book in which terms listed in the Nomina Anatomica Veterinaria were used in the original
German text. This is, therefore, an unrevised, unabridged translation which follows faithfully the
German text. As in the English version of Volume V, translated by ourselves, the Latin terminology is
used the first time a name occurs but subsequently the Englisch equivalent is generally substituted.

It should be pointed out that some of the breeds of farm animals mentioned may not be well known
outside their native Central Europe, but descriptions of many of them can be found in Mason, I. L.
(1951) “A world dictionary of breeds, types and varieties of livestock,” Commonwealth Agricultural
Bureau, England.

In the chapter on the lymphatic organs, many references will be found to meat inspection and the
German legal requirements for the examination of lymph nodes in the abatoir. We were in some doubt
whether these should be omitted from the English edition because obviously legislation is not identical
in all countries. However, it was decided to retain them because they may be found useful as a general
guide but it must be remembered that they are based on the German regulations.

It is our pleasant duty to acknowledge the invaluable advice on the integument given by Dr. W. M.
Stokoe of the Department of Anatomy, Faculty of Veterinary Medicine, University of Edinburgh, and
Dr. M. L. Ryder of the Agricultural Research Council’s Animal Breeding Research Organisation,
Edinburgh. We would also like to thank Mrs. Kathleen Wight for the accurate preparation of the
typescript. Finally, we must thank Dr. F. Georgi and his staff at the publishing house Paul Parey,
Berlin, for their patience and friendly consideration.

Edinburgh, March, 1981. W. G. Siller and P. A. L. Wight.

Preface to the German Edition

The publication of volume III completes the five-volume Textbook of Anatomy of Domestic
Animals.

The authors of the chapter on the blood vascular system are Professor A. Schummer of Giessen
(blood vessels — general considerations, blood and heart) and Professor H. Wilkens of Hanover (blood
vessels — arterial and venous systems). The section on the lymphatic system was compiled by Professor
B. Vollmerhaus of Munich and that on the skin and cutaneous organs was written by Professor K.-H.
Habermehl of Giessen. Dr. W. Miinster of Hanover also contributed to the section on arteries and
veins.

This summarizes the general content of volume III in which the individual species of animals are
treated according to the same basic principle as in the previous volumes.

The introductory chapter discusses the cardiovascular system in a general way because the clinical
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diagnosis of pathological conditions depends on a thorough knowledge of the entire system. The
formation, composition, function and destruction of the blood are dealt with and this is followed by a
discourse on the structure and function of the blood vessels, including their nervous and hormonal
control. The description of the heart follows the same scheme, the first part dealing with fundamental
cardiac anatomy applicable to all mammals while subsequently consideration is given to species
peculiarities and the comparative characteristics of the organ.

In describing the origin, course and topography of the blood vessels it was important to include all
pertinent detail and yet avoid too lengthy a text. This could only be achieved by a comparative
presentation of the vessels of all species, region by region. This chosen method also served to
emphasize the fact that in each region the organization and distribution of the blood vessels is
basically similar in all species, thus allowing rules of nomenclature to be established for individual
blood vessels. Once this fundamental concept is understood, it is possible to extract all the desired
information about any one species from the descriptive text and illustrations. The principle is used
throughout except in the blood vessels of the foot where, because of the obvious differences in the
structure of the extremities, it is necessary to give a detailed description for each species of animal.

The discussion on the function of the lymphatic system is appropriate to the importance of this
subject, because much current research on it is of great medical interest. For this reason it seemed
advisable to record the present (1975) state of our knowledge in this field, although we are well aware
that theories are more quickly outdated in this area than in other medical disciplines. In accord with
the general principal of the book, the systematic description of the lymphatic organs in the various
species has been compiled so as to provide both basic knowledge and information of value in
veterinary practice.

The fundamental descriptions of Baum and his students and the more recent investigations of other
authors proved of great service in compiling this chapter. Numerous valuable illustrations from older
monographs, long out of print, were reproduced by kind permission of Springer Verlag.

As befits the importance of the carnivores, pig and ruminants, these species are dealt with more
liberally in the chapter on skin and the cutaneous organs than has been the custom in previous
textbooks of anatomy. Particular stress is placed on the account of special skin glands which are of
great importance as scent, marker and signal glands in conspecific communication.

We had numerous collaborators in the Institutes of Veterinary Anatomy in the Universities of
Giessen and Munich and of the Veterinary School of Hanover and we thank them all for their valuable
assistance.

Our thanks go to Mrs. V. Gube of Giessen for illustrating the chapters on the heart and skin and
cutaneous organs, which she accomplished with the artistic skill, understanding and insight for which
she is well known. We also thank Mrs. S. Pletscher of Zurich for some illustrations in the section on
the hoof. Dr. K.-H. Wille of Giessen provided expert criticism and correction of these chapters and,
last but not least, we are grateful to the secretary of the Institute at Giessen, Miss H. Seip, for the
careful preparation of the typescript.

We thank Mrs. R. Rochner, Mr. W. Heinemann and Mr. G. Kapitzke of Hanover for the careful
graphic work and exemplary artistic illustrations to the chapters on the blood vascular system and the
skin and cutaneous organs. We thank M.-L. Meinecke for the conscientious typing and Mrs. G. Voigt
and many other members of the institute for their help. We are grateful to Professor Dr. Wissdorf for
his valuable and stimulating cooperation.

We are indebted in Munich to Mrs. L. Kérner for the drawings, to Dr. H. Roos, Dr. B.
Hossenfeldner, Dr. H. Waibl and Dr. H. E. Konig for their valuable help in preparing the list of
contents and the index and for proof-reading. Our thanks also go to Mrs. A. Speiser and Miss Ch.
Drechsler for typing the manuscript.

It is largely due to the constant and personal interest of Dr. Friedrich Georgi, a proprietor of the
publishing house, that this third volume, and, indeed, the whole project, was so satisfactorily
completed. He had great patience and understood the problems which confronted the authors. Our
special thanks are likewise extended to Mr. E. Topschowsky, manager of the publishing house, whose
vlj.st bexperlence spanning many decades, contributed considerably to the outstandingly high standard of
the book.

We hope that this third volume will be as well received as those which preceded it.

Giessen, Hanover, Munich August Schummer, Karl-Heinz Habermehl,
Summer 1976 Helmut Wilkens, Bernd Vollmerhaus
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List of Abbreviations

(In the plural form the last letter of the abbreviation is duplicated)

a. = arteria int. = internus proc. = processus
art. = articulatio lam. = lamina prof. = profundus
can. = canalis lat. = lateralis propr. = proprius
caud. = caudalis lc. = lymphocentrum prox. = proximalis
com. = communis lig. = ligamentum r. = ramus
cran. = cranialis In. = lymphonodus reg. = regio

dext. = dexter lob. = lobus rostr. = rostralis
dist. = distalis m. = musculus s. = seu, sive
dors. = dorsalis mand. = mandibularis sin. = sinister
duct. = ductus max. = maxillaris str. = stratum
ext. = externus med. = medialis sup. = superior
fiss. = fissura min. = minor supf. = superficialis
for. = foramen n. = nervus transv. = transversus
ggl. = ganglion nl. = nodus lymphaticus trunc. = truncus
gl(d). = glandula palm. = palmaris tub. = tuberculum
inc. = incisura plant. = plantaris V. = vena

inf. = inferior post. = posterior ventr. = ventralis

Text references to figures

These appear in parenthesis in the text, mostly thus: (36/4). The number before the oblique line refers to
the illustration; the symbol in italics following the oblique refers to a labeled part in that illustration.
Therefore, notation (36/4), for instance, refers to structure 4 in figure 36. The notation (36, 37, 38/b)
refers to structure & in all three figures 36, 37 and 38.

When the italicized index applies to several illustrations, then all the preceding figure numbers are
separated by commas thus (36, 37, 38/b); if, on the other hand the italicized indices apply only to some
figures, then the figure numbers are separated by semicolons as, for instance (54; 60, 61/a). This refers
to figure 54 and structure « in figures 60 and 61.



ORGANS OF THE CIRCULATION

The organs of the circulation (angiologia) include the bloodvascular system and the lymphatic system.
The bloodvascular system (systema cardiovasculare) consists of the heart, its central organ, and the
blood vessels among which we differentiate the arteries, running centrifugally from the heart, and the
veins which are directed towards the heart. The arterial and venous networks are connected by the
capillaries. The blood circulating within these vessels, the organs of blood formation (haematopoiesis)
and the organs responsible for the breakdown of the blood cells are also part of the bloodvascular
system.
yThe lymphatic system (systema lympbaticum) is composed of the lymph and the lymph vessels, the
latter generally accompanying the veins. Another important component of this system is the
lymphoreticular tissue which varies in structure and appearance and is widely distributed throughout

the body.

Bloodvascular system
“

The functions of the blood circulating within the vascular system include supplying the cells and
tissues of the body with the nutrients required for their maintenance and function, removing
break-down products and conveying them to the organs of excretion and transporting surplus
metabolites to the storage organs. Further functions are regulation of water and electrolyte metabolism,
involvement in the maintenance of body temperature and assisting the body’s defence against foreign
substances and pathogenic organisms.

An essential prerequisite for the fulfilment of these duties is the correct functional construction of the
system as a whole and its appropriate relationship with the other organs.

Very high demands are made on the efficiency of the circulation, and especially the heart, in
warmblooded animals. In the transition to a terrestrial existence numerous changes in life pattern took
place as the animals adapted to their new environment and these led to an intensification of metabolism.
An increase in the oxygen requirement was mainly involved and this was achieved by a transition to pure
pulmonary respiration which necessitated the division of the heart and the circulation into two “halves”.
Both anatomically and functionally, therefore, the heart of birds and mammals is divided into two
(double heart) consisting of an arterial part which carries oxygenated blood and a venous part in which
the blood is rich in carbon dioxide. The left (arterial) and the right (venous) halves of the heart each
consist of an atrium and a ventricle and they supply completely separated vascular systems known as the
systemic or large circulation and the pulmonary or small circulation respectively.

Blood

The blood consists of blood plasma, a viscous fluid possessing the ability to coagulate, the blood cells
and the blood platelets, the latter being formed elements which are non-cellular in nature.
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Blood plasma

The blood plasma is an aqueous solution of blood proteins, such as fibrinogen, albumin, various
types of globulins and blood sugar. The inorganic substances contained in the blood plasma ensure the
maintenance of the chemico-physical properties of the blood and they include, amongst others, sodium,
potassium, calcium and magnesium ions. As bicarbonate and phosphate salts they have a buffering
effect, taking up, for instance, the carbon dioxide and lactic acid liberated by the tissues and so keeping
the reaction of the blood at the requisite slightly alkaline level.

Other components of blood plasma are lipids in fine suspension. The plasma serves as a carrier of
nutrients, taken up during digestion, for the supply of the body’s cells and tissues. Similarly it carries
vitamins, hormones and enzymes. It contains products of intermediary metabolism which are
break-down products that have to be eliminated from the body. As part of the defence mechanism, the
plasma contains enzymes, such as proteinases or peptidases, and antigens, antibodies and antitoxins for
the neutralization of foreign protein and bacterial toxins.

The blood remains fluid while within the circulation but it clots when it leaves the vessels. Blood
coagulation, a vital protective mechanism, depends on the ability of the fluid fibrinogen contained in the
plasma to become transformed by the interaction of thrombin, into a delicate elastic network of fibrin.
This complex process, initiated by the breakdown of thombocytes, is, according to modern theories,
dependent on the interaction of nearly thirty different factors. In the pathological condition of
thrombosis blood coagulation can also take place in the unopened blood vessel, when its inner lining,
which in the healthy state prevents coagulation, bears lesions which bring about the formation of
thrombi.

Blood collected in a container will clot unless some anticoagulant substance has been added. The
coagulation time varies considerably among the different species. In birds it is only 1-2 minutes, the pig
10-15 minutes and the horse 15-20 minutes. When blood coagulates, a clot of fibrin and sedimented
blood cells forms at the bottom of the vessel, the supernatent being the clear, yellowish, fibrin-free
blood serum which contains antibodies and is thus employed in serum therapy.

Mention should also be made of the sedimentation rate of the erythrocytes. If blood which has been
prevented from clotting is allowed to stand in a test tube, the blood cells will settle out after some time.
The duration of this process is termed the sedimentation rate. In certain diseases this rate may deviate
from the values established for the respective species under physiological conditions, the reason for this
presumably being the altered composition of the blood plasma.

Blood cells
(1 and table)

The blood cells or corpuscular elements of the blood derived from cells are listed according to
frequency as follows: 1. the red blood corpuscles (erythrocytes), 2. white blood cells or corpuscles
(leucocytes) and 3. platelets (thrombocytes) (1).

Blood films are used in haematology to examine the morphology, number, size and reaction to
chemical substances such as dyes, of the blood cells. A very thin film of freshly drawn blood is spread
onto a slide so that the individual blood cells lie side by side in a single layer to facilitate recognition. The
tinctorial differentiation of the different types of cells and their intracellular structures is carried out with
a mixture of neutral, acid and basic dyes. Special facilities are required to examine the cells in the living
state, for which purpose the blood is greatly diluted with an isotonic fluid. The blood cells are counted
with the aid of a haemocytometer.

Erythrocytes

In the domestic mammals the red blood corpuscles (erythrocytes) of the blood are circular, biconcave
and anucleate discs. Tylopods (e.g. camels, llamas, etc.) have erythrocytes which are anucleate but oval.
The diameters of the erythrocytes differ in the various species of domestic mammals. In the dog, for
instance, they are 7.3 um in diameter but in the goat they measure only 4.1 um (see table). The thickness
of the erythrocytes, measured at the edge of the disc, also varies between 2.1 um in the horse and 1.5 um
in the goat. The same disparity between species is found in the number of red cells per cubic millimeter
of blood and their numbers are influenced further by breed, sex, age, husbandry, nutrition,



Erythrocytes 3
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Fig.'1. Various blood cells of the domestic mammals. (Staining by Pappenheim’s method; from
Schubert, Lehrbuch der Veterinir-physiologie, 5th ed. 1965.)

performance and various other factors. An individual erythrocyte is yellowish-green and only the
concentration of large numbers is responsible for the red colour of the blood. The red blood cells are
elastic and consequently their shape may be temporarily altered, a property which permits them to pass
through capillaries whose lumen is narrower than the diameter of the erythrocytes. In mammals the
most striking characteristic of the mature erythrocyte is the absence of a cell nucleus (all other
vertebrates have nucleated, oval erythrocytes). Because of the absence of a nucleus their life is relatively
short, being about 120 days. It has been shown by electronmicroscopy that they have a semipermeable
cell membrane consisting of three layers. They therefore exhibit a characteristic behaviour in media of
different molar concentrations. In an isotonic solution, such as physiological saline, they maintain their
normal form because the same osmotic tension is present both inside and outside the cell. In hypertonic
media, however, the cell loses water and shrivels to the shape of a thorn-apple, while in hypotonic
solutions they swell, rupture and release their contents. The latter process is known as (osmotic)
baemolysis, the fluid medium taking on a red paint-like appearance. After haemolysis the erythrocyte
cell membranes can be demonstrated as pale ghosts.

The cytoplasm of the red blood corpuscle consists of various proteins and lipids. A special
cytoplasmic structure in the form of a network of delicate granules, the substantia reticulofilamentosa,
can be demonstrated with specific staining methods only in the incompletely matured cells known as
reticulocytes or proerythrocytes.

Functionally the most important component of the erythrocyte is the red pigment haemoglobin which
is concerned with oxygen transport. It consists of a protein component, globin, and the iron-containing
pigment haem. Haemoglobin has the ability to bind oxygen in a readily dissociable form during its
passage through the lung, as a result of which it is converted to bright-red oxyhaemoglobin.
Subsequently the oxygen is given off to the tissue cells and, due to this reduction of the oxyhaemoglo-
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bin, the colour of the blood becomes dark red. This function of the erythrocytes is directly dependent
on their haemoglobin content, which content can be measured by various methods. The removal of
carbon dioxide from the cells and tissues and its elimination in the lung is accomplished mainly by
binding to alkaline salts of the blood plasma and these also easily dissociate.

In order that the blood may perform its numerous functions it must, in the first place, be present in
sufficient amount. Its total volume, which can be assessed by various methods, amounts to 6-8% of the
body weight. The percentage of the blood volume occupied by the red blood cells is equally important;
this is referred to as the haematocrit value and is dependent on the total number and size of the
erythrocytes and on the plasma volume. Determination of the number of blood cells and the relative
proportion of the various blood cells to one another is also of great importance (see table).

Red blood corpuscles can show various abnormal features such as different staining affinity;
hyperchromasia if the haemoglobin content is too great and hypochromasia if it is too small.
Abnormalities in size are termed anisocytosis, in shape poikilocytosis and in number hypererythrocytosis
(normal state in neonates) or oligoerythrocytosis (in anaemia). Information regarding these, as well as
other morphological, quantitative and qualitative values, provides an important diagnostic aid for the
clinician, especially in diseases of the haemopoietic system but also in numerous other illnesses.

Leucocytes

Unlike the red blood corpuscles, the white blood cells (lencocytes) are coloutless, round and
nucleated. Certain characteristics, such as differing cell size, nuclear shape, cytoplasmic inclusions and
different tinctorial properties make it possible to classify three genetically and functionally seperate
types of leucocytes. These are the polymorphonuclear granulocytes, the lymphocytes and the
monocytes. The number of white blood corpuscles, between 4,000 and 24,000 per mm?® of blood, is far
less than the number of erythrocytes which are about 500 to 1,500 times as numerous. One of the most
striking characteristics of the leucocytes is their amoeboid movement and their consequent ability to
leave or enter the capillary by migrating through its wall. In so doing the granulocytes considerably alter
the shape of both their cytoplasm and nucleus.

Granulocytes

The granulocytes (1) develop, like erythrocytes, in the red bone marrow. They have a diameter of

10-15 um and thus exceed the red blood cell in size and volume (1:7). During the immature stage their
nucleus is unsegmented, rod or “S”-shaped, whereas the nucleus of the mature cells is polymorphic,
with a degree of segmentation which depends on the age of the cell. Granulocytes have particularly
well-developed amoeboid movement. They leave the capillaries in response to chemotactic stimuli
(leucodiapedesis) and collect in areas of vascular damage or loci of bacterial accumulation where they
phagocytose and incorporate cell fragments or bacteria and subject them to enzymic digestion. Because
of this phagocytic activity, the granulocytes represent a significant part of the complex defense
mechanism of the body. Despite their importance they only survive in the circulating blood for 1-1%/,
days.
Xs already mentioned, we differentiate between granulocytes with rod-shaped and those with
segmented nuclei. An increase in the cells with rod-shaped nuclei indicates the appearance of immature
forms and these provide the clinician with important indications about the progress of certain diseases.
By means of special stains, which consist of a mixture of neutral, acid and basic dyes, it is possible to
distinguish three groups of granulocytes. This is because the granules contained in their cytoplasm have
a different pH-dependent affinity for these dyes. The delicate granules of one group stain with both the
basic (blue) and acid (red) dyes, being thus coloured violet and these cells are termed the neutrophil
granulocytes. The coarse granules of the second type, the acidophil or eosinophil granulocytes, stain
selectively with the acid, red dye (e.g. eosin). Making up only 2-15% of the total granulocytes, they are
far less common than the neutrophils which, depending on the species, amount to 40-75% of the white
blood cells. The basophil granulocytes, sometimes reférred to as blood mast cells, comprise only 0.5-1%
of the total leucocyte count. As their name indicates, their coarse granules react with the basic
component of the stain (e.g. haematoxylin or methylene blue) which colours them dark blue or
metachromatically dark violet. The light-blue-stained nucleus of the basophils is more or less
completely covered by the granules.
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Monocytes

The monocytes are large cells 10-15 #m in diameter and they have a round or kidney-shaped nucleus
and ample cytoplasm. They, too, display amoeboid movement and their phagocytic activity is well
developed. They are therefore termed macrophages. Special staining methods will demonstrate delicate
granules in their cytoplasm. Their number varies, according to species, from a minimum of 2%-3% to a
maximum of 4%-10% of the total leucocytes. There is doubt about their origin but is seems likely that
they can develop from the reticulum of the red bone marrow as well as from the reticulum of the
lymphatic organs.

Lymphocytes*

The lymphocytes (1) constitute the second large group of white blood cells. They differ morpholo-
gically, functionally and genetically from the granulocytes. Their number per ul of blood varies
considerably between species and also shows considerable individual and age variation but it ranges
between a minimum of 20% and a2 maximum of 70% of the leucocytes. It is possible to differentiate two
forms with the light microscope. By far the most common, comprising about 90%, are the small
lymphocytes, the remainder being the large lymphocytes. The small lymphocytes measure about 6.5 um
and are therefore of similar size to the erythrocytes. They are, however, spherical in structure and
possess a relatively large, chromatin-rich nucleus which is surrounded by a narrow border of cytoplasm.
They are not able to phagocytose and their amoeboid movement is less than that of the granulocytes.
The large lymphocytes have a diameter of 10-15 um. Their nucleus is looser in structure and surrounded
by a broader rim of cytoplasm in which isolated granules can be demonstrated with the aid of special
stains. The lymphocytes originate in the bone marrow, in the cortex of the thymus and in the germinal
centres of peripheral lymphatic organs. Accounts of their differentiation into immune cells may be
found in textbooks of histology.

Thrombocytes

The thrombocytes (1), also known as blood platelets, have a diameter of 2-4 um and are
approximately round or spindle-shaped. Determination of the number of platelets requires special

methods because they quickly disintegrate after leaving the circulation; there are said to be
200,000-800,000 per ul of circulating blood.

Blood cell numbers of the most important domestic mammals®

Thrombo-
Erythrocytes Leucocytes cytes
Species Number |Diameter { Number Percentage distribution Number
mill./ul | - um  |[thousand millions
per ul | Neutro- | Eosino- | Baso- | Lympho- | Mono-| perul
phils phils phils cytes cytes

Dog 5.5- 8 7.3 8-18 55-75 3-10 el 20-25 2-6 0.2-0.8
Cat 7.2-10 5.7 9-24 55-60 3-6 e 1 30-35 2-5 0.2-0.8
Pig 5 -8 6.1 8-16 45-55 2-3 e 1 40-50 2-6 0208
Ox 5 -7 5.7 5-10 25-35 5- 6 ce 1 55-65 5-10  0.2-0.8
Sheep 8§ -13 5.1 4-12 3040 5-15 e 1 45-70 2-5 0.2-0.8
Goat 13 -17 4.1 8-12 40-45 3-5 el 50-55 3-5  0.2-0.8
Horse 6 -9 5.5 7-11 55-60 2- 4 @1 3040 3-4 02-0.8

! After Eder: Das Blut. In: Scheunert/Traptmann, Lehrbuch der Veterinir-Physiologie, 6th Ed. 1976.
* See also chapter “lymphatic system”.
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These anucleate structures consist of a stainable groundsubstance, the hyalomer, and a centrally
situated granulomer which consists of a number of granules. The thrombocytes are the product of the
bone marrow giant cells, the megakaryocytes, from which they arise by budding-off of cytoplasmic
excrescences. When their cytoplasm has been used-up in this manner the megakaryocytes die. The
function of the thrombocytes is to liberate prothrombin, when they break up, from which thrombin
then develops. This in turn converts the fibrinogen of the blood plasma into fibrin which stops the flow

of blood.

Organs of haematopoiesis

In the embryo both the earliest formation of blood and the primary anlage for blood vessels occur in
the mesoderm of the yolk sac. At this site the mesenchymal stem cells of the blood give rise first to the
haemocytoblasts. The latter are capable of perpetual division and from them originate, amongst other
cells, the primitive haemoglobin-containing erythroblasts.

As blood cell formation (haematopoiesis) ceases in the yolk sac, it is taken over by the mesenchymal
component of the liver anlage, where not only primitive erythroblasts but also granulocytes and
megakaryocytes develop. Subsequently the spleen becomes a site of blood cell formation.

As development of the foetus advances these organs cease to form blood cells and haematopoiesis is
taken over by the red bone marrow (medulla ossium rubra) which continues to maintain the supply of
myeloid cells, that is the erythrocytes, granulocytes, monocytes and thrombocytes, throughout life.
This process of continually renewing the blood cells continues in the adult. The bone marrow is situated
in the marrow cavity and in the spaces of the spongy substance of the bones. Despite its scattered
distribution the bone marrow, which is under humoral and neurovegetative control, is a functional unit.
While in the growing individual the bone marrow is responsible for increasing the absolute number of
blood cells, its function in the adult is to maintain the normal quality and quantity of the blood cells. For
this reason the marrow cavity of young animals consists almost entirely of bloodforming red marrow,
whereas in the adult the latter is confined to the spongiosa of the short and flat bones and the ends of
long bones while about half the marrow organ is converted into yellow or fatty marrow (medulla ossium
flava).

The bone marrow consist of reticular connective tissue, the cells of which form a delicate meshwork
within the marrow cavity permeated by numerous thin-walled blood vessels which arise from the vasa
nutritia. The blood passes from the arterial capillaries through funnel-shaped connections into the
ramifications of the venous sinuses (2/F). The specially constructed, extremely thin endothelial wall of
these sinuses allows the easy entrance of young blood cells. Within the intercellular spaces of the
reticular tissue one can find all the immature and adult stages of blood cells formed by the active red
bone marrow.

The red bone marrow is not only an organ of haematopoiesis but also an important component of that
complex defence mechanism of the body which is collectively referred to as the reticuloendothelial
system (RES). Both the reticulum cells and the vascular endothelia of the marrow are competent in
phagocytosis. They can take up and deal with particles and substances originating from within or
outwith the body and they participate in the formation of antibodies. However, mactrophages and
plasma cells arising from the reticulum cells are capable of similar functions.

Formation of the fat marrow is also a function of the reticulum cell which, by storing lipids, assumes
the appearance of a typical adipose cell. The fat marrow is a reserve fat depot which is utilised in
prolonged fasting and in the course of serious illness. It then becomes changed into what is termed
gelatinous marrow.

Development of blood cells

The erythrocytes go through a number of intermediate stages in the course of their development.
Erythropoiesis commences during embryonic development when reticulum cells are transformed into
haemocytoblasts. These give rise to the erythrocyte stem cells, the proerythroblasts. With the formation
of haemoglobin the latter change into macroblasts (erythroblasts) which have a nucleus of loose
structure. The erythroblasts decrease in size, their nucleus becomes dense and the tinctorial behaviour of
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the cytoplasm is altered as they change into normoblasts. The normoblasts are still able to divide. The
transition from the normoblast to the anuclear erythrocyte is completed by the extrusion, or more rarely
the break-down, of the nucleus. Nucleated erythrocytes can be observed in the circulation for short
periods after, for instance, severe loss of blood or during diseases which are associated with an increased
turnover of red blood corpuscles.

The stem cells of the granulocytes are also derived from the haemocytoblasts; they are the
myeloblasts which have spherical nuclei and basophilic cytoplasm. The next intermediate stage is the
promyelocyte and this is followed by the myelocyte which contains granules of specific staining reaction.
The cells arising from the myelocytes show striking changes in their nuclei. At first the nucleus is
rounded but it then becomes indented and thus characterises these cells as metamyelocytes or immature
forins. With further transformation of the nucleus the cell enters the circulation as the rod-shaped form
of the granulocyte which has been discussed earlier. The final stage in the development of the
polymorphonuclear granulocyte (1) is attained when the nucleus segments into several connected limbs.

The thrombocytes originate, as has already been described, by budding from the megakaryocytes of
the bone marrow. The latter, which may measure up to 50 um in diameter when mature, develop
through several intermediate stages from the megakaryoblast. Megakaryoblasts originate from the
haemocytoblasts.

A proportion of monocytes develop in the bone marrow by an essentially similar route, since they
mature through one intermediate stage from the monoblasts which also originate from the haemocyto-
blasts. The remaining monocytes develop from the reticulum cells of the lymphatic organs.

The plasma cells of the bone marrow and of the peripheral lymphoid organs are reactive forms of the
reticulum cells. Antigens, such as bacterial break-down products, stimulate the development of these
immunoglobulin-producing cells.

The lymphocytes belong to the lymphatic series of blood cells. Because of their origin in the
mesenchymal connective tissue they possess throughout life a multipotentiality which gives them the
power to differentiate as necessity dictates. Proliferation and differentiation to immuno-competent cells
takes place in all lymphoid organs.

Blood vessels, structure and function
(2-4)

If one compares the total blood volume of the body to the capacity of the blood vascular system, it is
obvious that not all the organs and body regions can be supplied all the time with a constant amount of
blood. If we further consider that substantial amounts of blood can be temporarily retained in various
organs which act as blood reservoirs, it is evident that the peripheral circulation must possess a
mechanism by which the blood flow can be regulated. This mechanism is able, in balanced
interrelationship with the central organ, the heart, to supply the various organs with the appropriate
amount of blood required to perform their specific functions. This thesis is supported firstly by the
morphological demonstration of numerous specialised structures in different regions of the vascular tree
and, secondly, by their interpretation on a haemodynamic basis.

From the heart arise the arteries (2/A; 4/black) which spread throughout the body, ever decreasing in
size until the very narrow arterioles or precapillary arteries 2/B) terminate in innumerable capillaries
(/E) which form an extensive vascular bed. Thence the blood is released into the narrow venules or
postcapillary veins (/C). The precapillary arteries, the capillaries and the postcapillary veins form what is
sometimes known as the terminal circulation ; here the exchange takes place between blood and tissues or
cells of all those substances which are required for their multifarious functions. The venules, following
on from the capillaries, carry the blood into the venous side of the circulation. This consists of the veins
which progressively increase in lumen diameter and which eventually carry the blood back to the heart
(2/D; 4/long lines).

The walls of the vessels, excluding those of the terminal circulation, consist of three layers: the tunica
interna s. intima (2/a, b, c), the tunica media (/d) and the tunica externa (/e, f). It should be noted that
the vessels show quantitative, qualitative and structural differences in response to the different
mechanical demands made on them and the special functions they have to perform in the different
regions of the body. This applies especially to the structure of the tunica media of the arteries and partly
also to that of the veins.
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Arteries
(2/A; 4)

Two structural types of arteries can be recognised even on gross examination. The first type includes
the vessels near the heart, the aorta and its cranially-directed branches as well as the pulmonary trunk
and its large branches which enter the lungs. The yellow colour of all these vessels and their extreme
distensibility are due to the large amounts of elastic fibres and membranes present in the media (2/d).
These are, therefore, elastic arteries. Towards the periphery these elastic arteries gradually merge into
the second type which are reddish or white, thick-walled muscular arteries.

The intima (/a, b, ¢) of both types of arteries consists of endothelium (/a), a single layer of flat,
rhomboid cells which lies upon an elastic membrane known as the lamina elastica interna (/c). Between
these two layers there is sparse collagenous tissue representing the lamina subendothelialis (/b).

The lamina elastica interna of the elastic arteries gradually merges with the concentrically layered
elastic membranes which form the basic ground structure of the media (/d). The elastic lamellae are
connected to the muscle cells which regulate the tension of the arterial wall. The significance to the
circulation as a whole of the structure of the media of these arteries can best be demonstrated using the
aorta as an example. Blood which has been pumped into the aorta under systolic pressure puts the media
under elastic tension, whereby some of the power produced by the heart is temporarily retained as
potential energy. During the diastolic pause this is changed into kinetic energy by the contraction of the
vessel wall so that the blood expelled from the heart in rhythmic strokes is transported to the periphery
in a much more even stream. The function of the aorta, and the succeeding arteries of elastic type, may
thus be compared with that of an expansion chamber.

The arteries of muscular type act as distributing vessels and have the task of carrying the blood to the
appropriate organs. As they do so, the pressure of the blood causes their walls to stretch in both
longitudinal and circular directions. Depending on the relationship between the arteries and their
surrounding tissues there is, especially in the region of the limbs, considerable stretching in the
longitudinal direction. The muscular arteries respond to these pressure changes by the organisation of
the various tissues in the media and the tunica externa. There is usually a well-developed internal elastic
lamina (2/c) followed by a media (/d) largely composed of smooth muscle. The vascular lumen is
surrounded by tracts of muscle tissue which contain different amounts of elastic fibres and which are
arranged in spiral layers orientated in various directions and variable gradients. The media, being able to
respond to this transverse tension, is therefore in a position to adapt to changing demands by
constricting or dilating the lumen and so regulating the blood pressure within the arterial system and
maintaining it within physiological limits. If, due to degenerative changes or hardening of the arterial
wall, this constantly-active regulatory mechanism is lost, then permanent hypertension may follow with
a danger of rupture of the brittle arteries. The variable longitudinal tension and distension of the arterial
wall are taken up by the tunica externa which is made up of a lamina elastica externa and tunica
adventitia. The tunica externa (/e, f) consists of collagenous and elastic fibres which aré interwoven and
crossed in helical fashion. Furthermore, the tunica externa ensures that the arteries are built into their
surroundings in a functionally correct manner.

There are some organs, such as the brain and the kidneys, which have so high and constant a
requirement for oxygen that they need a blood supply independent of other circulatory fluctuations.
Other organs, like the gastrointestinal tract, lung and skeletal musculature are supplied with a variable
amount of blood depending on their changing degrees of activity. In order to prevent excessive demands
being made on the heart and to obtain the most economical use of the available volume of blood, the
circulatory system is able to provide certain areas with a preferential supply and others with less blood
whenever this is necessary.

Although arteries of all sizes can reduce the diameter of their lumina to a certain extent, they cannot
completely occlude them, and consequently there are other blood vessels which participate in the
regulation of blood flow to the organs. These are the arterioles or precapillaries which are an important
component of the terminal circulation (2/B). Their lumina are often no wider than those of the
capillaries following them. Since their media consists of but a single layer of muscle fibres and the
elastica interna is broken up into a network of fibres, they can completely close their lumina thus
achieving an alternative method of controlling the blood stream.

Blood stream regulating structures of another type occur, their occlusive mechanism being characte-
rised by the presence of swellings or cushions of longitudinal muscles or epithelioid muscle cells which
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bulge the intima into the lumen during contraction and thus bring about their complete closure.” These
special structures occur in the skin, lungs, erectile tissue and in certain other organs.

Fig. 2. Structure of the walls of blood vessels.
(After Grau and. Walter, 1967.)

A artery; B arteriole; C venule; D vein; E capillary, F sinus capillary; G arterio-venous anastomosis

4, b, ¢ tunica int. s. intima, 2 lamina endothelialis, b lamina subendothelialis, ¢ lamina elastica int.; d media s. tunica muscularis; e, f tunica ext., ¢ lamina
elastica ext., f tunica adventitia; g vasa vasorum; b venous valve; i longitudinal musculature of the tunica adventitia; k basal membrane; / pericytes; m intimal
cushion

* The German term Drosselarterien (throttle arteries) graphically describes their mode of action.

Downloaded fcom Vat-g Books.com



10 Veins

Veins
@/D; 4)

The Venous side of the circulation has the function of returning to the heart a continuous stream of
blood which has lost more than 80% of its systolic pressure through the flow-resistance of the arteries,
arterioles and capillaries. A completely different haemodynamic function is demanded from the venous
system than from the arterial side of the circulation. This is achieved by the general make-up of the veins
and their specialized structures and, in particular, by the topography and specialized function of certain
parts of the venous system. Firstly it should be pointed out that the number of veins is much greater
than the number of arteries because the latter are often accompanied by two, or even more, collateral
veins. Furthermore, their number is increased, especially in the skin, by veins and collateral vessels with
which there is no accompanying artery. Added to this the lumina of the veins are always wider than
those of their accompanying arteries and in many sites they form networks so that the potential volume
of the venous system is much greater than that of the arterial counterpart.

In this connection one must stress that the spleen, liver, lungs and skin are able to store large amounts
of blood and then return it to the circulation when required. The necessity to shunt blood into venous
branches, comparable with railway-sidings, explains the presence of haemodynamically active speciali-
zed formations and the structural and material differences in the make up of veins from different
regions.

The walls of the veins consists of the same three layers that have been described in the arteries, namely
the tunica interna, media and externa (2/D) but the boundaries between these are not so clearly
distinguished as in the arteries.

The endothelial sheet (/a) of the veins lies on a layer of collagenous and elastic fibres of varying
thickness (/). This layer is followed, without sharp definition, by the media (/d) and the tunica externa
(Ze, f).

The media consists of collagen and elastic fibres which are woven into a functional system and which
may contain variable amounts of muscular tissue. In different regions one or the other component may
predominate and this will determine whether the particular veins are passively distensible tubes or, if
there is an excess of musculature, whether they actively participate in the work of the circulation. The
former situation occurs mainly in veins near the heart, while the more muscular vessels are at the
periphery where they are exposed to greater haemodynamic pressure. This is especially true of the veins
of the limbs and of erectile tissue.

The tunica externa is the thickest layer in most veins. It consists of a network of collagen and elastic
fibres which are situated in the longitudinal musculature. This layer is responsible for providing a
correct functional relationship with the surrounding tissues and for protecting the veins from injury and
excessive stretching.

A remarkable feature of the veins is the passively mobile valves (2/D, 5) which project into the lumen.
These consist of a double endothelial fold on a connective tissue base. Each valve is made up of two,
rarely three or more, individual cusps, the free borders of which are half-moon or sickle shaped, while
their base is confluent with the vessel wall. The distance between valves varies with the body region and
organ system. The valve sinus, delineated by the cusp and the vessel wall, is directed towards the heart.
The veins of almost all organs, even those veins with a diameter of but 50 um, carry valves. They are
especially numerous in the veins of the extremities. Their function is to prevent the centrifugal backflow
of the blood which is being carried to the heart by hydrostatic pressure and other forces. They are
therefore, comparable in action to a non-return valve.

Other flow-regulating structures of the veins correspond to similar occlusive mechanisms in arteries;
projecting into the lumina of these small veins are intimal swellings which are formed by muscle tissue or
groups of epithelioid cells lying below the intima. In other cases the veins are furnished at intervals with
ring muscles or sphincters. These structures can hold the blood for a time in the veins, producing a
pearl-string-like appearance. The blood is also held up in the capillaries preceding these throttle veins.
Such structures have been demonstrated in the veins of such organs as the adrenal and thyroid glands,
the uterus, oviduct, erectile tissue, intestinal mesentery and the corium of the hoof.

There are various forces and factors which cause the blood, flowing under greatly reduced pressure
through the capillaries and postcapillary venules into the peripheral veins, to be propelled towards the
heart in a continual stream. These include the so-called vis 4 tergo, the driving force which originates
from the heart and maintains the blood in motion even through the venous half of the circulation. Then
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there is systolic suction which commences from the heart through the two venae cavae and their larger
branches. By this means the negative pressure of the thoracic cavity, which is further increased during
inspiration, causes the thin-walled veins to become dilated and be held under tension. Other driving
forces exerted on the venous blood arise from the skeletal musculature. The way in which the veins are
situated in the intermuscular and interstitial connective tissue causes them to be alternately dilated and
compressed during muscular activity and this, coupled with the reflux-preventing action of the valves,
drives the blood towards the heart.

In many sites of the locomotor apparatus there are “arterio-venous linkages” which represent a special
topographical and structural relationship between the arteries and their accompanying veins. In these
sites the arteries and their accompanying veins are bound together in a tube of connective tissue, the
outer layer of which consists of acutely-angled ring fibres, while the fibres of the inner layer surround
the artery and veins in figures of eight. Because of this close binding together it was assumed that the
pulse wave running in the complex brought about a rhythmic compression of the collateral veins which,
with the help of the valves, propelled the blood towards the heart. However, more recent experimental
investigations have shown that there is no such functional interplay.

Capillaries

(2/E; 4)

It is the purpose of the terminal vascular bed to facilitate the two way exchange between blood and
body cells which is necessary for their survival and function. The actual exchange takes place in the
thin-walled capillaries which carry the blood from the precapillary arterioles to the cells and tissues. The
terminal vascular bed performs another important function in regulating the body temperature of
warmblooded animals; it allows the body to loose excessive heat by increasing the blood flow through
the skin or, alternatively, it prevents excessive heat loss by displacing a larger proportion of the blood
volume into the interior of the body.

The diameter of the capillaries can be altered but ranges between 6 and 30 um. In rare cases, so-called
“giant capillaries” may be up to 40 um in diameter. The length of the capillaries is very difficult to
establish but varies between 0.5 and 1.0 mm. Very many wide capillaries are found in the sinusoids (2/F)
as, for instance, in the liver, the bone marrow and the pituitary. The density of the capillary network
depends on the intensity of the metabolic activity of the organs supplied by them. The number is
especially great in endocrine organs, in the grey matter of the central nervous system, in kidneys, heart
and skeletal musculature as well as in the skin and adipose tissue.

Less well supplied with capillaries are tissues which are mainly “passive” or bradytrophic such as
tendons, fasciae, ligaments and bones. The cornea of the eye and hyaline cartilage are entirely devoid of
capillaries. It should be noted, however, that the surface area available for metabolic exchange is not
dependent only on capillary density. An increase in the function of an organ is always accompanied by a
considerable widening of the capillaries and this not only increases the exchange surface but also
enhances the blood flow through the terminal vascular bed.

The distribution of the arteries and veins within an organ always follows a characteristic pattern and
similarly there is a close correlation between the spatial arrangement of the capillaries and the structure
of the tissues. It is thus possible to recognise without difficulty from which organ a corrosion
preparation of blood vessels and capillaries was made. In parenchymatous organs the capillaries form
three-dimensional networks and in the lungs and glands they surround the alveoli and acini. In the
papillary body of the skin and in cutaneous mucous membranes there are capillary loops, in the
musculature elongated meshes and in the renal corpuscle capillary skeins known as glomeruli.

The walls of the capillaries consist of endothelium (2/E, a), basal membrane (/k) and pericytes or
adventitial cells (/1), the latter being closely applied externally.

The endothelium is an extremely thin simple squamous epithelium. Its cells are rhomboid and their
wavy and notched plasma membranes are in contact except for a space of 100-150 A which is free of
ground substance. Apart from their elongated nucleus which slightly bulges the plasmalemma into the
lumen, the endothelial cells contain, like other cells, organelles such as mitochondria, lysosomes, Golgi
apparatus, endoplasmic reticulum and ribosomes. The occurrence of these organelles and certain
enzymes in the endothelial cells indicate that they can actively participate in the organ-specific, selective
metabolic exchange between the blood and the tissue cells (blood-tissue barrier).
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The capillary endothelial cells of various organs, such as the kidneys, endocrine glands, the choroid
plexus and the synovial villi, carry submicroscopic “windows” closed by thin membranes (diaphragma)
and also true pores which indicate intensive fluid exchange. We must differentiate these structures from
the intercellular spaces of the hepatic, splenic and bone marrow capillaries, which decrease the barrier
effect of the endothelial sheet and permit the passage of corpuscular elements. Increased capillary
permeability is seen in the course of inflammatory processes of the tissues.

The exchange of materials can also occur through transcellular transport, a process which is called
cytopempsis and depends on the micropinocytotic ability of the endothelial cell. During this process
minute fluid droplets are taken up by little bays in the luminal or basal plasmalemma and then enter the
cytoplasm as vesicles. They are finally discharged into the subendothelial region or the capillary lumen.
Large-molecular substances, especially plasma proteins, are passed through the capillary wall by this
means.

In the endothelium of the capillaries, or more correctly the sinusoids, of the liver, spleen and bone
marrow there are cells (known in the liver as Kupffer cells) which have an abundance of cytoplasm and
cytoplasmic projections which leave gaps between individual cells. They resemble the reticulum cells of
the lymphoreticular organs both in appearance and in phagocytic capacity. Their processes project into
the capillary lumen and they can become dislodged and carried away in the blood stream. These cells are
an important constituent of the reticuloendothelial system (RES) and, together with similar cells of the
lymphoreticular system, they are involved in the body’s defence against foreign substances and
pathogenic organisms and in the break-down of red blood cells.

The basal membrane of the capillaries (2/E, k) appears homogeneous under the light microscope.
With silver stains, however, reticulum fibres can be demonstrated. These give the membrane the
property of reversible elasticity and make the capillaries into elastic tubes which can adjust their
diameter according to changes in blood pressure.

Electronmicroscopic, polarisation and histochemical examinations have given important insight into
the complex ultrastructure of the basal membrane. These methods have shown that the basal membrane
has not only a mechanical action but, as the only continuous component separating blood and tissues, it
fulfills an important function as a filter.

The pericytes or adventitial cells (2/E, 1) surround the capillaries with their branched processes and are
molded closely to the outside of the basal membrane. The theory that these are contractile elements
capable of constricting the capillary lumen is disputed today. Their phagocytic property and their ability
to migrate into the surrounding tissues as macrophages, would suggest that they participate in the
exchange of materials.

In conclusion, it should be pointed out that the exchange of substances between the blood and the
intercellular fluid is a complex and still partly unexplained process and that, as already mentioned,
various mechanisms are involved in the penetration of the blood-tissue barrier formed by the capillary
walls.

Arteriovenous anastomoses
(2/G)

In certain regions of the circulation there are special vascular segments known as arteriovenous
anastomoses. These precede the capillaries and the diameters of their lumina can be regulated up to
complete occlusion. They are a direct link between small arteries and veins and in the dilated condition
they shunt the blood, without an intervening metabolic exchange, from the arterial high pressure area
directly into the venous low pressure region. However, if the lumina of these by-pass vessels are closed
the blood proceeds via its normal course through the capillary bed.

These haemodynamically active arteriovenous anastomoses thus regulate the blood flow. They
connect the artery and vein in various ways. The so-called bridge anastomosis joins the vessels in a
short arch, “S”-shaped vessel or more tortuous link. We can differentiate an active arterial and a passive
venous limb. It is interesting to compare the thickness of the wall of the arterial limb with that of the
artery of origin. The increase in thickness is due to the addition of circular muscle fibres and longitudinal
muscle bundles (2/G, m) in the media. The media is devoid of elastic fibres. Varying numbers of
subintimal epithelioid cells are also present.
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Such bridge anastomoses occur in many regions. They may be seen in the gastrointestinal wall,
salivary glands, nasal mucosa, lungs, endocrine organs, penis, ovary, uterus, placenta and in the skin.

One can draw certain conclusions about the function of the bridge anastomoses from experimental
investigations and also from their structure and occurrence in certain vascular regions. Their most
important function is haemodynamic. When patent they transfer the blood from the arterial high
pressure to the venous low pressure side and thus increase the flow of blood in the veins. At the same
time they relieve the distal caplllary system in the same manner as an overflow valve. They can thus also
play a part in decreasmg or increasing the function of those organs which are subject to periodic
variation of activity such as the gut, glands and lungs. The thermoregulatory function of these
arteriovenous anastomoses depends on the fact that, in the open state, they increase the flow of blood in
certain regions of the circulation, particularly those relatively unprotected parts of the body which are
exposed to the environmental temperature. These regions include the extremities, the pinna of the ear,
the nose, the comb of fowls and other exposed skin appendages.

Glomus anastomoses are morphologically and functionally different from the bridge anastomoses.
They consist of vessels having skein-like convolutions. Again, in comparison with the artery from
which they originate, they appear as thickened vessels which form a stretched or twisted connection
between artery and vein. The wall of their active limb contains bundles of longitudinal muscle fibres and
characteristic subintimal cells which surround the narrow lumen in several layers. The tunica elastica
interna of the media is absent. The numerous veins, usually narrow and thin-walled, are clustered
around the centrally situated connecting pieces and are themselves surrounded by a connective tissue
capsule. Another feature of these glomus anastomoses is their rich supply of non-myelinated nerve
plexuses originating from the nerves to neighbouring vessels. Because of their complicated structure
these types of anastomoses appear as if some organ were interposed in the course of the vessel. These
structures are present in the terminal phalanges of both man and animals and in the skin and comb of
cockerels. The glomera candalia of animals and the glomus coccygeum of man are similar structures.

These glomus organs do not have any haemodynamic action on the circulation; their complex clustering
of narrow venous convolutions and their inability
rapidly to alter the lumen diameter militates this possibility.
Because of the remarkably large number of epithelioid cells and e
their extensive innervation, it was at one time thought that the ElA -1 e
glomera might have a humoral function. At first experimental o ‘@
evidence seemed to confirm that they could produce a locally- s, [l
active, vasodilatory, acetylcholine-like substance but electron- W N [
microscopical and histochemical examinations have failed to §
demonstrate the typical features of secretory cells in the epithel-
ioid cells of the glomus organs. Thus the function of these
glomus organs remains obscure.

Nutrition of the vessel wall
(2/A, g; 3)

The walls of small blood vessels are nourished by the AN o
circulating blood through diffusion and cytopempsis. Such a R {
direct supply is insufficient, however, for thick walled vessels. _ Bl
In the latter only the innermost layers are supplied through the o R & |
intima while nourishment of the greater part of the media is f 3
taken over by the vasa vasorum, the “vessels of the vessels”. 5, y
The vasa vasorum do not arise directly from the lumen of the ‘
vascular segments they supply. On the contrary, they originate
from recurrent branches of collateral arterial plexuses, which
then enter the vessel wall and break up into capillaries.

Fig. 3. Part of the thoracic aorta of a horse, showing the dorsal intercostal arteries giving rise
to the arterial vasa vasis, accompanied by two veins.
(After Staubesand, 1974.)
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Innervation of the blood vessels

As the autonomic, mainly non-myelinated, nerves approach the vessels they form coarse networks in
the adventitia and then divide into delicate ramifications which enter the vessel and even extend to the
intima. Their main purpose is to supply the vascular musculature and thus they are known as the
vasomotor nerves. Some fibres may also be concerned with depth sensitivity. Stimulation of the
sympathetic fibres generally causes narrowing of the vessels (vasoconstriction) while vasodilatory action
is attributed to the parasympathetic fibres.

The sympathetic nerves which innervate the blood vessels of the skin and skeletal musculature are
switched in the vertebral ganglia of the sympathetic trunk to the postganglionic fibres and they reach the
organs which they ultimately stimulate as part of the mixed cerebrospinal nerves. The vasoconstrictors
which innervate the vessels of the internal organs originate as the preganglionic fibres of the truncus
sympathicus which are switched to their second neurons in the prevertebral ganglia related to the
particular organs. Apart from the vasoconstrictor, adrenergic sympathetic nerves, there are also
cholinergic sympathetic vasodilators, which widen the blood vessels of the skeletal musculature and,
presumably, also the coronary vessels.

It is doubtful whether the vascular nerves originating from the various regions of the parasympathetic
system act as vasodilators. A dilatation of the vessels which results in a drop in the blood pressure with
lowering of the peripheral resistance, is believed to be due rather to reduction in the impulse frequency
of the vasoconstrictors. A dilatation of the vessels is also caused by bradykinin which is an enzyme
secreted, without parasympathetic participation, by the digestive glands and sweat glands.

Hormones acting on the blood vessels

Another important role in the regulation of the circulation is played by various vasopotent hormones.
These include the vasodilating substances acetylcholine and histamine as well as vasopressin, hypertensin
and serotonin which have a vasoconstrictor action. Noradrenalin has a double action in that it constricts
most vessels but dilates the coronary vessels. The same is true of adrenalin which dilates the vessels of
the skeletal musculature while otherwise having a decidedly vasoconstrictor action.

The regulation of an optimal blood supply, adapted to the functional status of the various organs,
organ systems and body regions, commences at the terminal vascular bed. An increased requirement for
oxygen by the activated organs or an increased accumulation of metabolic products such as carbon
dioxide and lactic acid, of acetylcholine and adenosine triphosphoric acid (ATP) and of bradykinin,.
effect a dilatation of the precapillary arteries.

This local chemical regulation of the circulation leads to a passive dilatation of the capillaries and thus
an increased blood flow through the organs, with the result that a larger volume of blood is withdrawn
from the total circulation. In view of the disparity which exists between the blood volume and the
greater capacity of the circulatory system, such a reaction can cause a sudden drop in blood pressure and
an insufficient supply to some vital organs. This risk is counteracted by the circulatory centre. This
centre regulates the action of the heart and the tonus of the vessels thus maintaining both normal blood
pressure and the distribution of the available blood volume according to the requirements of all systems.

The main site of the circulation regulatory centre is in the pons of the metencephalon and the medulla
oblongata but blood pressure regulating impulses can also originate from the spinal cord, the
sympathetic system, the midbrain and tweenbrain and the cortex. Although the vasomotor centre,
which has vasoconstrictor and vasodilator subcentres, is largely autonomous, it is nevertheless under the
constant influence of the baroreceptors, which control blood pressure, and of the chemoreceptors which
register the chemical composition of the blood. The baroreceptors are neurovegetative receptor areas
located in the adventitia of the aortic arch, in the bifurcation of the common carotid artery (carotid
sinus), in the termination of the vv. cavae and in the wall of the atria of the heart. The baroreceptors of
the aortic arch are connected with the vasomotor centre by the vagus nerve, those of the carotid sinus by
the glossopharyngeal nerve. If they register an excessively high or low tension of the vessel walls then,
via the centre, the blood pressure is accordingly decreased or increased. An increase in the pressure of
the vv. cavae and the pulmonary veins causes their baroreceptors to elicit an intensification of the heart’s
action. Other blood pressure receptors are found in the coeliac, mesenteric and renal arteries. However,
the reflexes originating from these go via subordinate spinal centres and they are therefore confined to
circumscribed vascular regions.
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Fig. 4. Diagram of the blood and lymph circulation
(After Nickel, 1939.)(Black: arterial blood; continuous lines: venous blood; interrupted lines: lymph)

a right, a’ left ventricle; b lung; ¢ liver; d intestine; e capillaries in the head and neck region; f capillaries of the forelimb; g capillaries of the trunk, the pelvic
limb, the urogenital apparatus

1 aorta; 2 arteries of the head, neck and forelimb; 3 descending aorta; 4 a. bronchialis; 5 a. hepatica; 6 intestinal arteries; 7 vv. rectales; 8 v. portae; 9 vv.

hepaticae; 10 v. cava caud.; 11 v. cava cran.; 12 a. pulmonalis; 13 vv. pulmonales; 14 lymph vessels from the caudal part of the body; 15 visceral lymphatic

trunk; 76 lumbar cysterna; 17 ductus thoracicus; 78 lymphatic trunk from the cranial part of the body. The position of the lymph node groups is marked on
the course of the lymph vessels.

Chemoreceptors are the glomus caroticum and the glomus aorticum or glomus supracardiale which are
located in the carotid sinus and the aortic arch respectively. These are paraganglia which originate from
the vagus and glossopharyngeal nerves and are characterised by the production of noradrenalin and the
absence of chromaffin cells. A drop in oxygen tension and increase in carbon dioxide tension or a rise in
the H*concentration cause impulses to travel along the vagus and glossopharyngeal nerves to the
vasomotor centre; from this centre the heart rate is then raised, vasoconstriction is stimulated, blood
stores are emptied and respiration is intensified. However, the immediate relationship between these
paraganglia and the receptor areas of the aorta and carotid sinus might also mean that these areas are
sensitive to the hormone produced by these endocrine organs.

Heart (Cor, Cardia)

(5-49)

The heart is the muscular central organ of the blood-vascular system which, by its rhythmic
contractions, acts like a double suction and pressure pump and thus maintains the motion of the blood
through the closed system of tubes, the blood vessels. Although somewhat variable from species to
species, its shape resembles that of a more or less pointed and bilaterally flattened cone. It is surrounded
by the completely closed pericardium.

Heart and pericardium are located within the thorax in the spatium mediastini which is limited by the
pleural layers of the mediastinum medium. The heart and pericardium are covered dorsally and laterally
by the lungs which are moulded accordingly (impressio cardiaca). Lateroventrally a small surface of the
pericardium is exposed to the thoracic wall in the region of the incisura cardiaca dext. and sin. of the
lungs, and this exposed surface varies in extent not only between species but also between left and right
sides.

Pericardium

The pericardium accommodates, within its cavum pericardii, the heart and the initial portions of the
aorta and truncus pulmonalis and the terminal segments of the vv. caevae and the vv. pulmonales (see
vol. 2 Figs 351 and 352). The shape of the pericardium corresponds to the form of the heart and its
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dimensions correspond to the functionally-determined volume changes of that organ. Intra vitam and
post mortem the pericardium closely encloses the heart, its opposing surfaces being moistened by a thin
film of serous fluid, the liguor pericardii. The pericardium can only be lifted from the heart after
perforation has allowed air to enter the pericardial space.

Including its pleural covering, the pericardium consists of three layers, the plexra pericardiaca, the
pericardium fibrosum and the lamina parietalis of the pericardium serosum. Loose connective tissue
containing variable amounts of fat lightly binds the pleura pericardiaca to the pericardium fibrosum. The
latter is made up of several layers of collagen fibres running in various directions. The movable
intertwining of the collagen fibres and supplementary elastic elements of the pericardium fibrosum,
allow the pericardium to adjust to changes in the volume of the heart and to transmit to the heart the
suction effect produced by the lungs during respiration. Dorsally the pericardium fibrosum continues
onto the tunica externa of the blood vessels. It is thus connected, especially above the aorta and its
branches to the fascia endothoracica which forms the suspension of the heart to the vertebral column.

In carnivores the fibrous layer of the pericardium is joined to the diaphragm near the sternum by
means of the lig. phrenicopericardiacum. In pigs and ruminants, at the level of the 5th and 6th costal
cartilages respectively, there are two tendinous ligg. sternopericardiaca. In the horse the pericardium is
joined to the sternum by the lig. sternopericardiacum which extends from the 4th or 5th costal cartilage
to the diaphragm and has a broad insertion into the fascia endothoracica.

The third and inner layer of the pericardium, the lamina parietalis of the serous pericardium, consists
of a richly vascularised and innervated connective tissue layer containing elastic fibres and a single
layered mesothelium. This serous membrane is considered to be the source of the small quantity of
serous fluid, the liguor pericardii, which is present in the cavum pericardii. Inflammatory processes
(pericarditis), are associated with the excessive production and simultaneous retarded reabsorption of
the pericardial fluid; this causes excess fluid, hydrops pericardii, which may restrict the heart’s action
because of the limited elasticity of the pericardial sac. Severe haemorrhage into the cavity of the
pericardium can produce a pericardial tamponade and consequent cardiac arrest.

At the base of the heart the serous membrane of the pericardium, the lamina parietalss, is reflected onto
the heart as the lamina visceralis or epicardium. This visceral layer also envelops the first part of the large
arteries and veins as they leave the heart, forming the vaginae serosae arteriorum et venarum. The
pericardial space between these great vessels forms recesses of which the sinus transversus pericardii,
lying between the aorta, pulmonary trunk and atrial wall is particularly prominent. This sinus allows
independent movement for the arteries and the atrium during cardiac activity. The sinus obliquus
pericardii is a pouch between the left and right pulmonary veins and the left atrium.

Conformation of the heart
(5-12, 21-49)

The heart can be differentiated into a right venous and a left arterial part. Each of these two parts
consist of an atrium (atrium cordis dext. et sin.) (9, 10, 11, 12/a, b; 21-23/a) and a ventricle (ventriculus
cordis dext. et sin.) (8/E, F; 9/c, d; 10/d, e; 11/s, t; 12/r, s; 21-23).

The two atria rise dome-like above the basis cordis and each surrounds the origin of the 4orts and the
truncus pulmonalis with a blind diverticulum, the auricula atrii (8/A, B; 9/a’, b; 21-23/b). The venous
blood from the body is carried to the right atrium through the v. cavae cran. et caud. (10/1, 3) and
through the v. azygos dext. (/2) or sin. (37/17; 39/e). From the cardiac veins the blood returns to the
right atrium via the sinus coronarius (10/14; 37/16; 39/13). The left atrium receives arterial blood from
the lungs (8/1, 1; 9/10; 10/7; 11/3) through the vv. pulmonales.

The two wventricles, of which the left gives rise to the aorta (8/a; 11, 12/1) and the right to the
pulmonary trunk (8/k; 9/3; 12/4), are joined together in the form of a cone which is laterally slightly
flattened and more or less pointed, according to the species. On this cone we differentiate the facies
anricularis (8; 9) and the facies atrialis (10), the convex margo ventricularis dext. (8/C; 9/m) and the
straight or slightly concave margo ventricularis sin. (/D; /n). The external boundary between the atria
and ventricles is formed by the deep coronary groove (sulcus coronarius) (8/1; 9/k; 10/p), which is
interrupted by the pulmonary trunk. An imaginary plane running through the coronary groove
corresponds to the base of the heart (basis cordss). Since the valvular apparatus of the ventricles, the aorta
and the pulmonary trunk, are situated on the same plane, we speak of this as the valvular plane (13, 27,
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30, 34, 37, 43, 46). The left and right ventricles are limited externally by two longitudinal grooves, which
originate from the sulcus coronarius and run towards the point of the heart (apex cordis) or the incisura
apicis (38/K, L). One of these commences caudal to the conus arteriosus (8/H; 9/p) of the right ventricle
and is therefore known as the sulcus interventricularis paraconalis (/G; /1). The second longitudinal
groove starts below the sinus venarum cavarum of the right atrium and is therefore termed sulcus
interventricularis subsinuosus (10/q). The coronary and longitudinal grooves accommodate, within a
variable amount of adipose tissue, the subepicardially situated blood vessels of the heart (arteriae
coronariae and venae cordis with their branches) as well as lymph vessels and cardiac nerves.

Position of the heart
(5-7)

The position of the heart of the domestic mammals within the thorax corresponds to their
wedge-shaped sternum which, especially in ungulates, is bilaterally flattened. In comparison with the
position of the human heart in the more barrel-shaped thorax of man, the heart of these animals appears
as if turned to the left through 90° on its long axis. In consequence, the right atrium and ventricle are
orientated to the right and craniad (5-7/4, f; 9/d) while the left atrium and ventricles are directed to the
left and caudad (5-7/c, b). It follows, then, that the margo ventricularis dext. corresponds to the cranial
(/g) contour of the heart and the margo ventricularis sin. to its caudal contour (/i). At the same time the
left surface (facies anricularis) and the sulcus interventricularis paraconalis (5-7/e; 9/1) are turned
towards the left thoracic wall, while the facies atrialis, with the sulcus interventricularis subsinunosus
(10/q), together face towards the right wall. Both auricular and atrial surfaces have atrial and ventricular
components.

In the dog (5) the long axis of the heart forms an angle of 40°, open anteriorly, with the sternum. In
the cat the angle is 25-30° and the apex of the heart points towards the diaphragm. In the pig the heart is
aligned somewhat more steeply, its apex pointing towards the sternum. The heart axis is almost vertical
in ruminants (6) and especially so in the horse (7) where the apex is tilted slightly to the left, so that it lies
2-3 cm from the sternum. In all domestic mammals the base of the heart lies at the level of an imaginary

Fig. 5. position of the heart in a formalin-preserved dog in
the erect posture.

A 7th vertebra; B 1st thoracic vertebra; C 6th thoracic
vertebra; D 1st rib; E 6th rib; F scapula; G humerus; H
sternum; / radius; K ulna
a right auricle; b conus arteriosus; ¢ left atrium with its
auricle; d sulcus coronarius; e sulcus interventricularis para-
conalis, f right ventricle, g its margo ventricularis dext.; b
left ventricle, i its margo ventricularis sin.; k apex cordis, /
contour of the diaphragm

1 truncus pulmonalis; 2 arcus aortae; 3 aorta thoracica with
aa. intercostales dorss.; 4 v. cava cran.; 5 v. cava caud.; 6 a.
pulmonalis sin., 6" vv. pulmonales; 7 lig arteriosum (Botal-
li); 8 a. subclavia sin., 9 a. brachiocephalica; 10 a. subclavia
dext., 11 a. carotis comm. dext.; 12 a. carotis comm. sin.; 13
a. vertebralis; 74 v. jugularis ext. sin.; 15 a. and v. axillaris
sin.; 15’ a. and v. thoracica int. The interrupted line
represents the caudal border of the m. triceps brachii (linea
anconaea)
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Fig. 6. DPosition of the heart in a formalin-pre-
served ox in the erect posture. Left aspect.

A 7th cervical vertebra; B, C 1st and 6th thoracic
vertebrae; D, E 1st and 6th ribs; F scapula; G
humerus, H sternum; / radius; K ulna

a right auricle; b conus arteriosus; ¢ left atrium
with its auricle; d sulcus coronarius; e sulcus
interventricularis paraconalis; f ventriculus dext.,
g its margo ventricularis dext.; b ventriculus sin., i
its margo ventricularis sin.; k apex cordis; / con-
tour of the diaphragm
1 truncus pulmonalis; 2 arcus aortae; 3 aorta
thoracica with aa. intercostales dorss.; 4 v. cava
cran.; 5 v. cava caud.; 6 a. pulmonalis sin.; 6’ vv.
pulmonales; 7 lig. arteriosum; 8 truncus brachio-
cephalicus; 9 a. and v. subclavia sin.; 10 arterial
and venous truncus costocervicalis; 17 a. and v.
intercostalis suprema; 12 a. vertebralis; 13 a. axil-
laris; 74 v. axillaris; 15 v. cephalica; 15’ a. and v.
thoracica int.; /6 a. and v. cervicalis superfic.; 17
v. jugularis ext. sin.; 18 v. jugularis int.; 19 a.
carotis comm. sin.; 20 v. azygos sin. with vv.
intercostales dorss. Interrupted line represents the
caudal border of the m. triceps brachii

Fig. 7. Position of the heart in a formalin-pre-
served horse in the erect posture. Left view.

A 7th cervical vertebra; B, C 1st and 6th cervical
vertebrae; D, E 1st and 6th ribs; F scapula; G
humerus; H sternum; 7 radius; K ulna

a right auricle; b conus arteriosus; ¢ left atrium
with its auricle; d sulcus coronarius; e sulcus
interventricularis paraconalis; f ventriculus dext.,
g its margo ventricularis dext.; b ventriculus sin., i
its margo ventricularis sin.; B apex cordis; /
contour of the diaphragm
I truncus pulmonalis; 2 arcus aortae; 3 aorta
thoracica; 4 v. cava cran.; 5 v. cava caud.; 6 a.
pulmonalis sin.; 6’ vv. pulmonales; 7 lig. arte-
riosum; 8 truncus brachiocephalicus; 9 a. subcla-
via sin.; 10 arterial and venous truncus costocervi-
calis; 11 a. intercostalis suprema; 11’ a. scapularis
dors.; 12 a. and v. vertebralis; 13 a. and v.
axillaris; 74 a. and v. cervicalis superficalis; 15 a.
and v. thoracica int.; 16 v. jugularis ext. sin.; 17 a.
carotis comm. sin.; 18, 18 aa. intercostales dorss.
Interrupted line represents the caudal border of
the m. triceps brachii
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horizontal plane, drawn through the centre of the first rib, while the convex margo ventricularis dext.
follows the internal contour of the sternum (5-7). The craniocaudal extent of the heart is between the
3rd (4th) and 6th (7th) ribs in the dog; in the cat it is from the 4th to the 7th; in the pig from the 3rd to
the 6th; in the ox from the 3rd to the 5th (6th); in the sheep and goat from the 2nd to the 5th and in the
horse from the 3rd (2nd) to the 6th ribs. Relative to the median plane */;ths of the heart of the dog lies in
the left half and 3/,ths in the right half of the thorax. In the ox this ratio is 5/, to ?/,ths and in the horse it
is 3/s to ¥/sths. It follows, therefore, that the facies auricularis is nearer to the left wall of the thorax than
the facies atrialis is to the right thoracic wall, a fact which is of significance in clinical examination of this
organ. Unlike the heart of man, which is entirely accessible for clinical exploration by palpation,
auscultation and percussion, from the anterior thoracic wall, in domestic mammals this organ does not
lend itself to these procedures to the same extent because of the different topography of the chest wall.
In these animals the anterior part of the thorax, which accommodates the heart, is covered by the
extensive shoulder girdle musculature, which is connected to the shoulder blade and the humerus, and
by the massive triceps brachii muscle which fills the angle between these two bones. The thick margo
tricipitalis (linea anconaea) of the latter muscle extends down to the 4th or 5th intercostal space (5-7).
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Fig. 8. Auricular surface of a feline heart forma- A 5 D ',‘_‘};‘:Q.
lin-preserved in situ (After Habermehl, 1959) ' H - :

A right auricle; B left auricle; C margo ventricula- AY [ -~ .t D
ris dext.; D margo ventricularis sin.; E ventriculus ] ) . y b
dext.; F ventriculus sin.; G sulcus interventricula- J v r —
ris paraconalis; H conus arteriosus; J sulcus coro- - -
narius, pars sin.; K apex cordis; L incisura apicis —_ 5 ’I F
a arcus aortae; b a. brachiocephalica; c a. subclavia
sin.; d a. carotis comm. sin.; e a. carotis comm
dext.; f a. subclavia dext.; g aorta thoracica; b, b
aa. intercostales dorss.; 7 a. vertebralis; £ truncus
pulmonalis; J, ! vv. pulmonales; m v. cava cran.; n
v. cava caud.

Tissue components of the heart

The wall of the heart is made up of three layers, the epicardium, the myocardium and the
endocardium.

The epicardium is identical with the lamina visceralis of the pericardium serosum and it forms a
smooth, glistening and transparent serosal covering over the surface of the heart. We can distinquish in
the epicardium an outer mesothelial layer whose cells are able to alter their shape from squamous to
cuboidal in response to the changing tension of the heart wall. These cells lie on a lamina propria, the
fibres of which are mainly collagenous and are so orientated that they can follow changes in shape and
form undergone by the heart. Below this lamina lies the subepicaridal layer consisting of collagen and
elastic fibres continuous with the interstitial framework of the heart musculature. The large blood and
lymph vessels and nerves are situated in this layer; it also contains, especially in the coronary and
interventricular sinuses, deposits of adipose tissue. The extent of these fat depots is dependent on the
species and also on the age and nutritional status of the individual.

The dark red muscular wall, the myocardium, consists of muscle cells which have centrally situated
nuclei and are enclosed by a membrane, the sarcolemma. The sarcoplasm contains the cross-striated
myofibrils, which are concentrated at the periphery and are made up of filaments (elementary fibrils).
Because of the great amount of work performed by the heart, the muscle cell contains many
mitochondria. Endoplasmic reticulum is located between the myofibrils and, near the nucleus lies the
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Golgi apparatus. The myocardial cells are rich in glycogen and contain lipids and brownish-yellow
lipofuscin granules. Unlike skeletal muscle fibres, the heart muscle fibres give off branchlets at an acute
angle and they thus form a close knit network with neighbouring cells. The muscle cells and their
branches are formed into longer fibres by means of intercalated discs, also known as the cement lines.
These discs are cell membranes and the myofibril bundles are interlocked by them although they do not
transgress this boundary. This gives rise to a formation of muscle fibres which are united into bundles to
make a network of long fibres. The spaces between the bundles-are filled by delicate connective tissue
which, together with the plasmalemma, constitutes the sarcolemma. In certain regions of the heart
muscle the fibres of the endomysium continue as collagenous tendons so that in the papillary muscles
they form the connection between the muscle cells and the chordae tendineae of the membranous valves.
Similarly they form the connection between the musculature and the skeleton of the heart.

The rich capillary supply of the heart muscle is consistent with its great output of work. In fact, there
are rather more capillaries than there are muscle cells; in the human heart the ratio is 1:1.06 in favour of
the capillaries.

The endocardium is an elastic connective tissue membrane which lines the interior of the heart
chambers and covers the heart valves. It consists of an endothelial layer and a reticulated layer of
collagen and elastic fibres intermingled with smooth muscle fibres. Connective tissue fibres join to the
perimysium internum and serve to form a movable junction between the endocardium and its
underlying tissue. Its tissue components and their organisation permit the endocardium to adjust to
changes in tension which occur during heart action.

The skeleton of the heart*
(15)

This term incorporates structures and tissue components which are made up partly of connective
tissue and partly of cartilage or bone. They are insinuated between the heart on the one hand and the
aorta and pulmonary trunk on the other. They are also found between the atrial and ventricular
musculature and they are an important prerequisite for normal heart function. Included in this concept
are the anuli fibrosi and the beart skeleton in the narrow sense.

The anuli fibrosi arteriosi are ring-like connective tissue structures which form the transition between
the ostia of the ventricles and the aorta and pulmonary trunk (15/8, 9). They are each composed of three
arches whose convexity is turned towards the heart and whose neighbouring limbs unite as they project
upwards. The course of these three garland-like arches does not follow the line of insertion of the
tricuspid valve lying next to it. On the contrary, the valve’s crescentic lines of origin cross the fibrous
rings, as their heartward pointing concavities go past the boundaries of the vessels and help to link the
arterial tube to the ventricular wall. Another similarly stabilising element which contributes to the union
between the arterial wall and the myocardium is the filum tendineum intermedium which can be
demonstrated as a specialized structure within the anulus fibrosus. Since the aortic insertion is under
greater strain, its anulus fibrosus and filum tendineum are more strongly developed than in the region
between the pulmonary trunk and the conus arteriosus. When viewed in three dimensions the anulus
fibrosus presents as a conical ring which narrows towards the ventricle; its oblique surfaces are inserted
between the vessel wall and the ventricular musculature from above and outside to below and inside.

The immediately-proximate sites of origin of the aorta and pulmonary trunk are joined at their ostia
by a figure of eight crossing of the fibres of their anuli fibrosi. These structures have also been referred to
as the chiasma anuli fibrosi. These are supplemented by areas of fusion or bandlike connections which
complete the chiasma and thus help to fuse the base of the two arteries to the muscular ostia.

The anuli fibrosi atrioventriculares are similar to the anuli fibrosi arteriosi both in shape and structural
make up (/10). They surround the atrioventricular orifice and consist of a connective tissue fibre
network which continues into the interstitium of the arterial and ventricular musculature without
making direct contact with the muscle fibres themselves. This fibrous ring also has a filum tendineum
intermedium which maintains a close relationship to the membranous valves which are inserted here and
to their chordae tendineae. It is important to note that, unlike the two great arteries, the anular rings of

* Based on a study by Schmack (1974).
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the left and right side of the heart are not linked in any way. Their obliquely descending walls are in the
form of conical rings and are interposed between the thickened muscular edge of the ventricle and the
atrial muscle which lies inside it.

The anulus fibrosus is broadened distally in the region of the cuspis septalis of the right ventricle. This is
the site where the connecting fibres of the atrioventricular node pierce the fibrous ring (/71). In the
region of the septal cusp the muscular ring surrounding the left atrioventricular orifice is interrupted by
the tendinous septum ventriculoconale aortale which continues into the non-muscular part of the
interventricular septum, the pars membranacea septi interventricularis. The latter is present in all
domestic mammals with the exception of the ox.

The significance of the anuli fibrosi atrioventriculares lies in the fact that it achieves both a
morphological and a functional separation of the atrial and ventricular musculature, thus ensuring the
unimpended coordination of atrial and ventricular action.

The skeleton of the heart in the strict sense consists of tendinous, cartilaginous and osseous tissue.
Situated in the immediate neighbourhood of the aortic orifice and therefore in the centre of the heart
valve plane, it is able to prevent detrimental distortions of the ostium during cardiac activity. At the
same time it affords a place of origin and insertion for much of the musculature of the ventricle.

In the horse the heart skeleton in the strict sense, consists of two layers of tendinous structure which
are completely independent of the anuli fibrosi. These are the trigonum septale, ventriculare sin. et dext.
Their tendinous elements are supported by two cardic cartilages, the cartilago cordis septalis sin. et
accessoria. The large septal cartilage lies on the proximal border of the interventricular septum next to
the aortic conus. In old animals it measures 2.5-3 cm in length and appears triangular in cross section. It
is situated on the base of the interventricular septum with its concave surface hard against the origin of
the aorta. The cartilago cordis sin., approximately the size of a cherry-stone, is found in 65-70% of cases
embedded in the wall of the aorta. The cartilago cordis accessoria is still smaller and is also enclosed in the
aortic wall.

In the ox the heart skeleton in the strict sense consists of the large os cordis dext., measuring 5-6 cm in
length, and the smaller os cordis sin. Both have insignificant cartilaginous and fibrous components. In
position and function they correspond to the trigona fibrosa of the horse and they are therefore
frequently referred to as trigona ossea. They are independent structures which belong to the conus
region of the left ventricle and they serve to maintain the shape of the aortic ostium by stabilising it in
the haemodynamically most favourable position. At the same time they offer a locus for the insertion of
muscle fibres of the interventricular septum.

The large cardiac bone of the ox, the os cordis dext. (15/A) is a thomboid. Its four processes (/a, b, c,
d) carry cartilaginous caps from which originate connective tissue tracts connected to the interstitium of
the ventricular musculature. The os cordis sin. is of irregularly triangular shape. It is embedded in the left
conal region of the ventricular muscle and with two of its three processes it clasps the left part of the
aortic origin.

In the dog, as in the horse and ox, the heart skeleton in the strict sense is a morphologically
independent structure. It shows species-specific peculiarities and consists of the trigonum cartilaginenm
dext. and the cartilago cordis septalis. The trigonum contains an island of cartilage which is insinuated
superficially into the interventricular septum and which, according to its position, corresponds to the
right osseous trigonum of the ox. By means of various tendinous tracts it is fixed both to the
surrounding tissues and to the origin and insertion of the subsinous part of the septum musculature.
Tendinous tracts connect the cartilaginous trigonum to the cartilago septalis. The latter corresponds to
the large septal cardiac cartilage of the horse although it consists of but a small triangular piece of
cartilage which is inserted between the closely apposed origin of the aorta, and the right ventricle.

No detailed studies of the heart skeleton of the pig, sheep and goat are available. We know, however,
that these species do possess supporting cartilaginous structures and that they can become ossified in
older pigs and sheep.

Architecture of the heart musculature
Although it is exceedingly difficult to demonstrate the overall architecture of the atrial and, especially,

the ventricular wall by dissection of the various muscle fibre tracts and their courses, morphological
observations have been made which correlate well with our understanding of the heart’s action.
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The subepicardial layer of the remarkably thin muscular wall of the atria contains both long and short
muscle fibres. While the former span both atria, the short fibres are confined to one atrium. The more
deeply situated tracts originate from the anulus fibrosus and run an arched course or encircle the blind
auricles and the termination of the pulmonary veins. Other subendocardial fibres form the bases of the
musculi pectinati which form an anastomosing network and are a prominent feature of the internal relief

of the atria.
In the musculature of the ventricular wall and septum we differentiate a subepicardial, a middle and a

subendocardial layer, but the fibres run between one layer and another in an intricate interlacement. We

Fig. 9. Auricular surface of a horse’s heart. Left

atrium and left ventricle have been opened and the

pulmonary trunk fenestrated. The subepicardial
adipose tissue has been removed.

4 atrium sin with mm. pectinati;«’ auricula sin.; &
auricula dext., ¢ ventriculus sin.; d ventriculus
dext.; e m. papillaris subatrialis; f valva atrioven-
tricularis sin.; g chordae tendineae; b trabeculae
carneae; i mm. transversi s. trabeculae septomar-
ginales; B sulcus coronarius; / sulcus interventri-
cularis paraconalis; m margo ventricularis dext.; n
margo ventricularis sin.; o apex cordis; p conus
arteriosus I v. cava cran.; 2 v. cava caud.; 3
truncus pulmonalis (fenestrated); 4 valva trunci
pulmonalis; 5 a. pulmonalis sin.; 6 aorta thora-
cica; 7 aa. intercostales dorss.; 8 truncus brachio-
cephalicus; 9 lig. arteriosum; 10 vv. pulmonales;
11 a. coronaria sin., 12 its r. circumflexus (sin.),
13 its r. interventricularis paraconalis; 14 r.
circumflexus of the v. cordis magna, 15 its r.
interventricularis paraconalis

are therefore dealing with the same muscle fibres which produce the three layers by merely altering their
direction. We thus have a construction that is in accord with the function of any hollow muscular organ.

Both the suction of the blood from the atria into the ventricles and its subsequent expulsion are
associated with a lowering of the valvular plane of the heart. This effect takes place because of the
arrangement of the musculature of the ventricles. The bundles of the subepicardial layer, arising from
the heart skeleton, take an oblique course towards the heart’s apex and there, at the vortex, they descend
into the depth of the wall. Continuing in a steep spiral course towards the base, they form the
subendocardial layer and at the same time form the basis for the trabeculae carneae and the mm.
papillares. The middle layer is made up of muscle fibres which leave the subepicardial layer before the
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apex is reached and enter the substance of the wall. The more superficial of these fibres encircle both
ventricles in spirals and the more deeply situated fibres enclose one ventricle each, by entering the
septum in the region of the longitudinal grooves. These fibres also subsequently ascend to the heart
skeleton. Because of its function, the circular muscle stratum of the middle layer is known as the
“powerhouse” of the heart.

Fig. 10.  Atrial surface of a horse’s heart. Right
atrium and right ventricle havs been opened and
the subepicardial adipose tissue has been removed.

a atrium dext. with the sinus venarum cavarum;a’
auricula dext. with mm. pectinati; 4” crista ter-
minalis; 4 atrium sin.; ¢ tuberculum interveno-
sum; d ventriculus dext.; e ventriculus sin.; f m.
papillaris magnus; g mm. papillares parvi; b m.
papillaris subarteriosus; 7, &, [ valva atrioventricu-
laris dext., i cuspis parietalis, & cuspis angularis, /
cuspis septalis; m chordae tendineae; n trabeculae
carneae; o trabecula septomarginalis; o’ mm.
transversi; p sulcus coronarius; ¢ sulcus interven-
tricularis subsinuosus; r margo ventricularis dext.;
s margo ventricularis sin.; ¢ apex cordis I v. cava
cran.; 2 v. azygos dext.; 3 v. cava caud.; 4 fossa
ovalis; 5 aorta thoracica 6,6 aa. intercostales
dorss.; 7 vv. pulmonales; 8 branches of the a.
pulmonalis dext.; 9 r. circumflexus (dext.) of the
a. coronaria dext., 70 its r. interventricularis sub-
sinuosus, 7 its r. coronarius sin.; 12 v. cordis
media s. interventricularis subsinuosa; 13 v. cordis
magna; 14 sinus coronarius (obscured by the
caudal vena cava).

The chambers of the heart and their internal structure
(4, 9-14, 16-24)

The manner in which the heart is divided into a right venous (4/4’) and a left arterial (/) part, each
consisting of an atrium and a ventricle has already been described. We shall now discuss the structure
and organisation of the four cavities of the heart and describe how they have become adapted to the
special function they perform.

The atria of the heart (atria cordis)
(9-12, 14, 15, 21-23)
The right and left atria (atrium dext. et sin.) are separated from each other by the septum interatriale

(14/c; 27/m). Of the two atria, the right is the more voluminous but both rise as a flat cupola over the
sulcus coronarius and communicate with the ventricle of the same side through the ostium atrioventricu-
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lare dext. (11, 12/d — d’; 21/c) and sin. (11. 12/e — e'; 23/c) respectively. Each of the atria has a blind
diverticulum, the articula cordis (8/A, B; 9/a’, b; 12/a, b; 21, 22, 23/b), which are turned towards the
facies auricularis of the heart and curve around the origin of the aorta and the pulmonary trunk. Thus
they occupy, together with subepicardial adipose tissue, the space next to the two great arteries.

Fig. 11. Sagittal section through the heart of a horse. Right half of the heart.

a atrium dext.; b atrium sin.; c mm. pectinati; d, d’ ostium atrioventriculare dext.; e, e’ ostium atrioventriculare sin.; f cuspis parietalis; g cuspis septalis; b
cuspis angularis of the valva atrioventricularis dext. s. tricuspidalis; i cuspis septalis, k cuspis parietalis of the valva atrioventricularis sin. s. bicuspidalis s.
mitralis; J, " chordae tendineae (I’ going to the mm. papillares parvi); # base of the m. papillaris subarteriosus of the right ventricle; m m. papillaris magnus;
o m. papillaris subatrialis of the left ventricle; p, p’ trabeculae septomarginalis of the right and left ventricles respectively; g, 7, 7' valva aortae in the ostium
aortae (between d' and e), ¢ its valvula semilunaris sin., r dext. and r' septalis; s inflow tract of the right ventricle; ¢, t inflow and outflow tracts of the left
ventricle; # septum interventriculare; v margo ventricularis dext.; w margo ventricularis sin.; x apex cordis; y sulcus coronarius, pars sin. with the r.
circumflexus of the v. cordis magna and branches of the a. coronaria sin.; z sulcus coronarius, pars dext. with the r. circumflexus of the a. coronaria dext.
and the accompanying veins

1 arcus aortae; 2 v. cava cran.; 3, 3 vv. pulmonales
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Right atrium (atrium dext.)

On the exterior of the right atrium (10-12/a; 14/b; 21, 22/a) one can recognize a groove, the sulcus
terminalis, which is generally shallow and which corresponds internally with the crista terminalis
(10/4”’). The sulcus and crista form the border between the embryonic sinus venarum cavarum and the
true atrium. Through the ostium venae cavae cand., which bears the valvula v. cavae cand., the sinus
receives the candal vena cava (8/n; 10, 21, 23/3; 24/b) and through the ostium venae caevae cran. the

Fig. 12. Sagittal section through the heart of a horse. Left half.

a atrium dext. with view into the right auricle; & atrium sin. with view into the left auricle; ¢, ¢ mm. pectinati; d, d, ostium atrioventriculare dext.; e, e’

ostium atrioventriculare sin.; f cuspis parietalis; g cuspis septalis of the valva atrioventricularis dext. s. tricuspidalis; b cuspis parietalis of the valva

atrioventricularis sin. s. bicuspidalis s. mitralis; i, i chordae tendineae; k m. papillaris subarteriosus of the right ventricle; / m. papillaris subauricularis of the

left ventricle; m trabeculae carneae; n trabecula septomarginalis; 0, p, g valva aortae in the ostium aortae (between e’ and d), o its valvula semilunaris sin., p

dext and'q;: septalis; 7 outflow tract of the right, s, s inflow and outflow tracts of the left ventricle; ¢ septum interventriculare; # margo ventricularis dext.; v

margo ventricularis sin.; w apex cordis; x sulcus coronarius, pars dext. with the r. circumflexus of the a. coronaria dext. and accompanying veins; y sulcus
coronarius, pars sin. with the r. circumflexus of the v. cordis magna and the r. circumflexus of the a. coronaria sin.

1 arcus aortae; 2 truncus brachiocephalicus; 3 origin of the a.coronaria sin.; 4 truncus pulmonalis; 5, 6 a. pulmonalis dext. and sin respectively
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cranial vena cava (8/m; 10, 21, 22/1) enters the sinus. There is also the short, tubular sinus coronarius
(10/14; 22/4; 29/11; 37/16), whose aperture below the orifice of the caudal vena cava is furnished with
an indistinct valvula sinus coronarii (Thebesii) (24/h). The coronary sinus carries the blood from the
cardiac veins and, in pigs and ruminants, also from the v. azygos sin. (36/8; 39/e) and discharges it into
the sinus venarum cavarum. The blood from the vv. cordis minimae (Thebesii), draining the wall of the
right atrium, enters the atrial cavity by way of numerous foramina venarum minimarum, In the roof of
the sinus venarum cavarum between the ostia of the two caval veins, and projecting into their blood
stream, is a muscular protruberance, the tuberculum intervenosum (10/c; 14/d) which diverts the blood,
coming in the opposite direction from the caval veins, into the right atrioventricular orifice. More
striking still is the function of the intervenous tubercle in the foetal heart which guides the blood from
the caudal vena cava into the foramen ovale of the interatrial septum. In the left atrium occurs the
valvula foraminis ovalis of the septum primum of the embryonic heart, which prevents the back flow of
the blood which has passed from the right into the left atrium. The valve fuses with the septum
secundum after birth and closes the foramen ovale which then becomes the fossa ovalis. The fossa
remains surrounded by the more or less insignificant limbus fossae ovalis; its floor is derived from the
former valve of the oval foramen. The fossa ovalis (10/4; 24/f) can be recognized as a depression in the
interatrial septum between the orifice of the caudal vena cava and the intervenous tubercle.

In addition to the oval foramen, mention should be made of another special structure associated with
the foetal circulation. This is the ductus arteriosus. Even in the foetus the venous blood from the head,
neck, anterior part of the trunk and from the forelimbs passes through the cranial vena cava to gain
access to the right atrium and right ventricle and thence to the truncus pulmonalis. But the lung does not
function during intrauterine life because the placenta is responsible for the entire exchange process, so
the blood from rhe pulmonary trunk is shunted through the wide ductus arteriosus into the
neighbouring aorta. From here it is passed to the systemic and placentar circulation together with the
blood which enters the left heart through the foramen ovale. Only a small amount of blood, necessary to
nourish the organ, passes from the pulmonary trunk through the pulmonary artery into the lung. As the
lung unfolds after birth, the route is opened for the blood to enter the pulmonary circulation. At the
same time the pressure in the two atria is equalised so that, as well as from the closure of the foramen
ovale, there is an obliteration of the vascular bridge between aorta and pulmonary trunk. The vestigial
ductus arteriosus remains throughout life as the ligamentum arteriosum (Botalli) (9/9; 38/d) which links
the two great arteries. The closure of the foramen ovale (10/4) and of the ductus arteriosus takes place
during the first weeks of post-natal life. In the case of the oval foramen, however, this process may
occupy several months as it does, for instance, in the ox, or it may remain incompletely closed
throughout life without causing clinical manifestations of malfunction.

The tuberculum intervenosum of the right atrium continues as the muscular swelling known as the
crista terminalis (10/a”). It encircles the orifice of the cranial vena cava (/1) and continues on to the
ostium of the caudal vena cava (/3) or to the mouth of the coronary sinus (/14). The mm. pectinati arise
from the crista terminalis and dominate the interior of the atrium and its auricle. They branch freely and
so form, especially in the auricle, a network with meshes of varying size (9/a; 10/a’; 12/c, ¢; 14).
Between these muscles the atrial wall is very thin and in those areas where the musculature is totally
absent, the wall of the atrium is made up solely of endocardium and epicardium.

Left atrium (atrium sin.)

The left atrium (10-12; 14, 23/a) is less spacious than the right. The border of its auricle (9/a; 12,
23/b) is in contact with the pulmonary trunk (9/3; 28/4) and is notched in similar manner to that of the
right atrium of ruminants. The left atrium receives arterial blood from the vv. pulmonales (8/1, I; 9/10;
10/7; 11/3; 23/5) through the ostia venarum pulmonarum (14/f). The number of these varies between 5
and 8 but usually there are 7, two of which stand out because of their wide lumina. The variable number
of pulmonary veins is accounted for by the fact that during the development of the heart two pulmonary
veins arise first from the pulmonary trunk and subsequently and indeterminate number of its branches
are assimilated into the wall of the enlarging left atrium.

In the septum interatriale the scar resulting from the closure of the foramen ovale by the valvula
foraminis ovalis can be recognised. The internal relief of the left atrial wall (14/4) resembles that of the
right atrium because of the presence and arrangement of the mm. pectinati. There is also a similarity in
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the appearance of the wall between these muscular pillars. As in the case of the sinus venarum cavarum
of the right atrium, that part of the wall of the left atrium which receives the pulmonary veins remains
free of muscle pillars. The wall of the atrium sin. is also supplied with vv. cordis minimae.

The ventricles of the heart (ventriculi cordis)
(8-12, 16-23)

Right ventricle (ventriculus cordis dext.)

The right ventricle (ventriculus dexter) (8/E; 10/d; 11/s; 12/r; 16-22) receives blood from the right
atrium through the ostium atrioventriculare dext. (11, 12/d — d’; 21, 22/c) and conveys it, under
relatively low pressure, through its conus arteriosus (9/p; 22/e) and the truncus pulmonalis (/3; /8) to the
lung. The wall of the right ventricle is only about half as thick as that of the left, because its work load is
relatively low. The right ventricle forms the margo ventricularis dext. (10/r), extends from the sulcus
interventricularis subsinuosus (/q) to the sulcus interventricularis paraconalis (9/) and does not reach the
apex of the heart. The lumen of the right ventricle appears semilunar in cross section because,
especially during systole, its outer wall is moulded against its convex inner wall, the septum
interventriculare (11/u; 22, 25, 26). o

The cavity of the right ventricle has two functionally distinct sections. The first, the true ventricular
cavity, extends towards the apex from the interventricular orifice, and is termed the inflow route (11/s).
The second is the expulsion route (12/r) which, starting at the apex, includes the conus arteriosus which
continues into the truncus pulmonalis. In the region of the inflow route the ventricular wall carries the
trabeculae carnae, which are particularly well developed in the area near the interventricular grooves.
They are not present in the region of the expulsion route and the conus arteriosus.

Apart from the trabeculae carnae there are a variable number of rounded muscular beams which form
cross connections between the septum and the outer wall of the ventricle. One of these is especially

Fig. 13. Base of the bovine heart. The ventricles,

atria and in part also the aorta and pulmonary

trunk have been removed close to their origin.
Basal aspect. (After Preuss, 1955.)

a ostium trunci pulmonalis; & ostium aortae; ¢ a.

coronaria dext.; d a. coronaria sin.; e r. interven-

tricularis paraconalis of the v. cordis magna; f v.
cordis media s. interventricularis subsinuosa

1, 2, 3 valva trunci pulmonalis, 7 its valvula
semilunaris sin., 2 dext. and 3 intermedia; 4, 5, 6
valva aortae, 4 its valvula semilunaris sin., 5 dext
and 6 septalis; 7, 8 valva atrioventricularis sin. s.
bicuspidalis (mitralis), 7 its cuspis septalis and &
parietalis; 9, 10, 11 valva atrioventricularis dext. s.
tricuspidalis, 9 its cuspis septalis, 10 parietalis and
11 angularis; 12 trabecula septomarginalis; 13 au-
ricula dext.; 14 auricula sin.; 75 m. papillaris
subauricularis; 76 m. papillaris subatrialis of the
left ventricle; 17 position of the m. papillaris
subarteriosus; 78 m. papillaris magnus; 79 mm.
papillares parvi of the right ventricle; 20, 20 sinus
coronarius; 2! margo ventricularis dext.; 22
margo ventricularis sin.; 23 sulcus interventricula-
tis subsinuosus; 24 sulcus interventricularis para-
conalis; 25 conus arteriosus
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Fig. 14.  View into the atria of the heart of a pig
which has been transected at the coronary groove.
(After Steger, 1927.)

a left, b right atrium; ¢ septum interatriale; d

tuberculum intervenosum; e, e mm. pectinati; f

ostia of the vv. pulmonales; g, g’ ostia of the v.

cava cran. and caud.; b v. azygos sin. (hemiazy-
gos), b’ its mouth

Fig. 15. Heart skeleton of the ox. Right dorsal view. (After Schmack, Diss. med. vet., Giessen, 1974.)

A os cordis dext. with its processes 4, b, ¢, d

1 ostium atrioventriculare dext.; 2 ostium atrioventriculare sin.; 3 aorta; 4 truncus pulmonalis; 5 conus arteriosus; 6 a. coronaria dext.; 7 origin of the
ligament between the aorta and vena cava caud.; & anulus fibrosus trunci pulmonalis; 9 anulus fibrosus aortae; 10 anulus fibrosus atrioventricularis dext.; 11
nodus atrioventricularis; 72 sulcus interventricularis subsinuosus; 13 wall of the atrium sin.; 74 wall of the ventriculus sin.; 75 wall of the atrium dext.; 16
wall of the ventriculus dext.; 17 cuspis parietalis of the valva bicuspidalis; 18 cuspis septalis, 79 cuspis parietalis, 20 cuspis angularis of the valva tricuspidalis



Figs. 16 and 17. Two canine hearts which illu-

strate the individual variation of the internal struc-

ture of the heart. Both the right atrium and right

ventricle have been opened. (After Ackerknecht,
1918.)

a, a atrium dext.; b ventriculus dext.; ¢ m. papilla-
ris magnus; , d mm. papillares parvi; ¢ m.
papillaris sul iosus; f, f trabecula sep
ginalis; g trabeculae carneae; b, i, k valva atrioven-
tricularis dext., b, b cuspis angularis, 1. cuspis
parietalis, k& cuspis septalis; [ ventriculus sin.

1 and 2 wrmination of the v. cava cran. and caud.;

3 (in fig. 17) conus arteriosus

In fig. 16 all the papillary muscles are situated on
the septum while in the heart illustrated in fig. 17
not only the m. papillaris magnus but also some of
the mm. papillares parvi arise from the outer wall.
Note also the attachment of the tendinous chords
of the septal cusp to the so-called mm. papillares
proprr. septales and the pl phism of the mm,
transversi in fig. 16
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powerful and runs from the septum below the subarterial m. papillaris (13/17; 19, 20/e) to the base of
the m. papillaris magnus /18;/c). It represents the trabecula septomarginalis (11/p; 13/12; 19/f), an
integral part of the conduction system of the heart which will be discussed below. Besides these
muscular beams which are always present, there are generally other cross linkages which consist either
of active musculature or connective tissue. These structures may contain the specialized cell complexes
of the conduction system known as Purkinje fibres.

Three papillary muscles (mm. papillares) project into the right ventricle. They have a special function
and show species and individual variations in shape. One of these papillary muscles of the septum of the
right ventricle is termes m. papillaris subarteriosus (10/h; 12/k; 13/17; 19, 20/e) because of its proximity
to the pulmonary trunk. The second comprises a group of muscles, also situated on the septum, which
forms a functional unit known collectively as the mm. papillares parvi (10/g; 11/I’; 13/;»; 19, 20/d). The
third and largest papillary muscle is the m. papillaris magnus (/f; /m; /18; /c), which is generally located
on the outer wall but, especially in carnivores, can extend on to, or even be entirely displaced to, the
septum (16/c).

Fig. 18. Heart of a cat. Right atrium and right ventricles have been
opened. (After Ackerknecht, 1918.)

a atrium dext.; b ventriculus dext.; c m. papillaris magnus; d mm. papillares
parvi; e m. papillaris subarteriosus; f trabecula septomarginalis; ' mm.
transversi; g trabeculae carneae; b, i, k valva atrioventricularis dext., b
cuspis angularis, i cuspis parietalis, k cuspis septalis
1 aorta; 2 truncus pulmonalis; 3 tuberculum intervenosum between the
termination of the two caval veins

The papillary muscles give rise to groups of chordae tendineae (11/1, I) which fan out and radiate into
the free borders and onto the luminal surface of the tricuspid valve (valva atrioventricularis dextra s.
tricuspidalis) (13/9, 10, 11; 20, 30, 34, 37, 43, 46). The latter originates at the anulus fibrosus (cf. p. 78),
surrounds the ostium atrioventriculare dext., and divides into three cusps which projects into the lumen
of the ventricle and can give rise to secondary cusps. Each of the main cusps is fixed by means of cordae
to two papillary muscles. The valva atrioventriculare dext. has three cusps, the cuspis septalis (13/9)
which originates from the interventricular septum; the cuspis parietalis (/10) from the outer wall and the
third and smallest the cuspis angularis (/11) which is situated in the angle between the other two cusps.
The framework of these valves is a tendinous membrane, the collagenous fibres of which arise from the
anulus fibrosus of the atrioventricular orifice and are linked with the fibres of the tendinous chords. In
the basal region of the valves there are also muscle fibres and blood vessels which are confined
exclusively to this area. The fibrous middle layer of the valve is covered on both surfaces with
endocardium, and this also envelops the chordae tendineae.

The valva atrioventricularis dext. acts as a non-return valve. The papillary muscles have the function
of maintaining the tendinous chords under tension when the valve plane is displaced during the phases of
heart action. During the diastolic filling phase the open valve allows the blood to pass freely from the
atrium to the ventricle; it is partly sucked in due to the lowering of the valve plane and partly propelled
by the atrial musculature. With the commencement of systole and onset of the phase of increased
pressure the atrioventricular valve closes. This is achieved by contraction of the papillary muscles which,
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through the tendinous chords, exert a pull on the cusps, which are then unfolded and apposed at their
broad rims. The only route for the blood to reach the truncus pulmonalis is through the expulsion route
(12/r), which consists mainly of the conus arteriosus.

Thus, during systole, the blood cannot return into the atrium because the atrioventricular valve is
closed. Similarly, during diastole, its return into the ventricle is prevented by the tricuspid valva trunci
pulmonalis (13/1, 2, 3) which is located in the orifice of the pulmonary trunk (/2) and is made up of the
three half-moon-shaped valvulae semilunares. In accordance with their position they are known
respectively as valvula semilunaris sin. (/1), dext. (/2) and intermed. (/3). They consist of a double layer
of endothelium supported by an intervening layer of collagen fibres. They are attached to the fibrous
ring of the aperture of the pulmonary trunk and their crescentic forms project into the lumen of the
vessel, so that their cavities point peripherally (9/4). Their free borders are slightly thickened and in the
middle carry a small, hard nodule, the nodulus valvulae semilunaris, which is flanked on either side by a
crescentic transparent part, the lunulae valvulae. In the region of the valves the vessel wall is bulged to
form the sinus trunci pulmonales (22/7, 7).

Fig. 19. Heart of a pig. Right atrium and ventricle exposed. (After Huwyler, 1926.)

4 atrium dext. with mm. pectinati; 4’ auricula dext.; b ventriculus dext.; c m. papillaris magnus; d mm. papillares parvi; e m. papillaris subarteriosus; £, f
trabecula septomarginalis, transected; g trabeculae carneae; b cuspis angularis, i parietalis and k septalis of the valva atrioventricularis dext.; / ventriculus
sin.; m sulcus interventricularis paraconalis

1 truncus pulmonalis, has been opened to provide a better view of its valves; 2 v. cava cran.; 3 aorta
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This pulmonary valve, like the atrioventricular, acts as a non-return valve in the orifice of the
pulmonary trunk. During the expulsion phase the upstream-directed blood pressure causes the valves to
lie against the vessel wall. With the onset of diastole the downstream-directed pressure of the column of
blood in the pulmonary trunk causes the valves to fill and so close the orifice. During this process the
valvular nodules are said to close the central part of the vessel’s lumen.

Fig. 20 Heart of a sheep. Right atrium and right ventricle have been opened. (After Angst, 1928.)

a atrium dext.; a’ auricula dext. with mm. pectinati; b ventriculus dext.; ¢ m. papillaris magnus; d mm. papillares parvi; ¢ m. papillaris subarteriosus; f
trabeculae septomarginalis; ', ' mm. transversi; g trabeculae carncae; b cuspis angularis, 7 parietalis and & septalis of the valva atrioventricularis dext.; [
ventriculus sin.; m sulcus interventricularis paraconalis

1 v, cava cran., exposed; 2 termination in the atrium of the v. cava caud. and 3 of the sinus coronarius into the atrium; 4 truncus pulmonalis; 5 ostium and
valva trunci pulmonalis. Note the patchy distribution of the subendocardial adipose tissue

Left ventricle (ventriculus cordis sin.)

The ventriculus sinister (9/c; 11/t; 12/s; 23) receives its blood from the left atrium through the ostium
atrioventriculare sin. (11, 12/e—¢’) and it pumps it with great force through the aorta into the systemic
circulation. To accomplish this its muscular wall is very thick being, indeed, two to three times thicker
than the outer wall of the right ventricle. The same is true of the septum interventriculare (11/u) which
forms a functional unit with the outer wall of the left ventricle, and, in fact, the contour of the outer wall
is continued by the septum, so that it bulges into the lumen of the right ventricle (25, 26). The capacity
of the left ventricle is less than that of the right although its cavity reaches down to the apex where the
muscular wall is only a few millimeters thick. In the left, as in the right ventricle, we can differentiate an
inflow and an expulsion route (11/t, t; 12/s, s). The former is situated under the atrioventricular orifice
and extends to the apex of the heart. The expulsion route extends from the apex as a groove-like
channel passing into the bulbus aortae and is limited on the one hand by the interventricular septum and
on the other by the septal cusp of the left atrioventricular valve (11/). The trabeculae carneae are less
numerous than in the right ventricle but are concentrated in the apical region and shallow recesses are
formed between them.



Left ventricle 33

A thick, bifurcated cross-beam, the trabecula septomarginalis (moderator band) which is part of the
conducting system, runs from the intervertebral septum to the base of the two papillary muscles (9/4;
12/n). In addition to this cross-beam one may find smaller bands, especially in the apical region. The
two papillary muscles of the left ventricle are situated on the outer wall and are termed, according to
their location, m. papillaris subauricularis (12/1; 13/15) and subatrialis (9/e; 11/0; 13/16). Their chordae
tendinaea go to the bicuspid valva atrioventricularis sin. s. valva bucuspidalis s. valva mitralis. The
valve originates at the fibrous ring which surrounds the left atrioventricular orifice (9, 11, 12, 13, 27,
30). Because of their location the two cusps are termed cuspis septalis (11/; 13/7) and cuspis parietalis
(11/k; 12/h; 13/8) respectively. The septal cusp is very large and divides the ostium aortae from the
ostium atrioventriculare and also therefore, separates the inflow from the expulsion route (11, 12). The
tissue components are similar in the bicuspid and the tricuspid valves of the left and right ventricles
respectively.

Fig. 21 Plastoid cast of the right half of a dog’s heart. Right-cranial view. It shows the internal irregularities of the atrial and ventricular walls which are due
to the mm. pectinati and the trabeculae carneae.

a atrium dext.; b auricula dext.; ¢ ostium atrioventriculare dext.; d sulcus coronarius; e conus arteriosus; f truncus pulmonalis; g ventriculus dext., 4 its
border lying nearest the sulcus interventricularis paraconalis

1 v. cava cran.; 2 v. azygos dext.; 3 v. cava caud.; 4 v. cordis magna; 5 v. cordis media; 6 sinus coronarius

Fig. 22.  Plastoid cast of the right half of a dog’s heart. Viewed as from the septum. It shows the internal irregularities of the atrium and ventricle caused by
the mm. pectinati, the trabeculae carneae and the mm. papillares.

a atrium dext.; b auricula dext.; ¢ ostium atrioventriculare dext.; d insertion point of the valva atrioventricularis dext.; e conus arteriosus; f ventriculus dext.,
g its border neighbouring on the sulcus interventricularis paraconalis; and b on the sulcus interventricularis subsinuosus

1 v. cavacran.; 2 v. azygos dext; 3 v. cava caud.; 4 sinus coronarius; 5 v. cordis magna; 6 v. cordis media; 7, 7 sinus of the valva trunci pulmonalis; 8 truncus
pulmonalis; 9 and 0 a. pulmonalis sin. and dext. respectively

The valva aorta (11, 12, 13), located in the ostium aortae, consists, like the valve of the pulmonary
trunk, of three parts, the valvula semilunaris septalis (11/r’; 12/q; 13/6) and the valvulae semilunares
dext. (/r; /p; /5) et sin. (/q; /o; /4). Because of the greater demand made upon it, it is more strongly
developed than the corresponding valve of the pulmonary trunk and its noduli valvarum are more
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prominent than in the former. In the region of the semilunar valves the wall of the aorta is distinctly
bulged to form the three sinus aortae. It should be mentioned here that the 4. coronaria dext. arises from
the right sinus and the a. coronaria sin. (13/c, d) from the left sinus. The atrioventricular and aortic
valves of the left heart perform the same function during systole and diastole as the corresponding valves
of the right heart.

Fig. 23.  Plastoid cast of the left half of the heart of a dog. Right cranial view. It
shows the internal irregularities of the atrium and ventricle caused by the mm.
pectinati and the trabeculae carneae.

a atrium sin.; b auricula sin.; ¢ ostium atrioventriculare sin.; d site of insertion of the
valva atrioventricularis sin.; e septal surface of the left ventricle showing the
numerous stumps of the vv. cordis minimae; f right lateral surface of the left ventricle
1 ostium aortae; 2 sinus of the valva aortae; 3 arcus aortae; 4 a. brachiocephalica; 4’ a.

subclavia sin.; 5, 5 vv. pulmonales; 6 r. interventricularis paraconalis of the a.
coronaria sin.; 7 r. septi interventricularis

Excitation and conducting system of the heart
(24, 24 a)

It has already been pointed out that when birds and mammals became homeothermic they had to
undergo numerous adaptations which included intensification of metabolism and a consequent increased
demand for oxygen. This, in turn, led to an increase in the requirements made on the circulatory system
which, in the course of phylogenetic development, has brought about an anatomical and functional
division of the heart into an arterial half and a venous half. It became necessary for the heart, in its most
advanced functional form to have independent automatic control over its atrial and ventricular
musculature, so that the individual phases of action could be coordinated and the overall rhythm
maintained. Warm-blooded animals were phylogenetically the first to have a morphologically recogni-
sable excitation and conducting system (24, 24 a). In mammals this system consists of two nodes which
have been named the Keith-Flack and the Aschoff-Tawara nodes after their discoverers; they are also
known, according to their topography, as the nodus sinuatrialis (24/1) and nodus atrioventricularis (/2)
respectively. The system also contains the bundle of His (fasciculus atrioventricularis) consisting of the
truncus fasciculi (/3) and the crus dext. (/4) and sin. (/5). These branch and finally terminate in a network
of remarkable cell complexes known as the Purkinje fibres. Each section of this system, which ensures
the autonomy of the heart, has the basic ability to initiate excitation but there is a gradual decrease in
grequency from the sinuatrial node to the Purkinje fibres. Under physiological conditions the stimulus
commences in the sinuatrial node which is the dominant site of the system and determines the thythm of
the heart; it is therefore called the “pacemaker.”

The sinuatrial node (24/1) is situated in the region of the sulcus terminalis of the right atrium and the
opening of the cranial vena cava. It is embedded without sharp demarcation in the musculature which
continues from the atrium onto the cranial vena cava. In the heart of large mammals it can be
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demonstrated by dissection since it is of lighter colour than the atrial musculature. In smaller species it
can only be demonstrated microscopically and it is then identified by its specific musculature, its overall
structure and by the fact that it contains connective tissue and nerves and has a special type of blood
supply.

Compared with the contractile musculature which surrounds it, the sinuatrial node is much looser in
structure because of its rich content of connective tissue. The muscle fibres of the node have a circular

Fig. 24. Diagram of the excitation and conducting system. (After Acker-
knecht, 1943.)

A atrium dext.; B ventriculus dext.; C atrium sin.; D ventriculus sin.; E septum
interatriale; F septum interventriculare
a v. cava cran.; b v. cava caud.; ¢ vv. pulmonales; d, e ostium atrioventriculare
dext. and sin. with their valves; f fossa ovalis; g valvula v. cavae caud.; b valvula
sinus coronarii;
1 nodus sinuatrialis; 2 nodus atrioventricularis; 3, 4, 5 fasciculus atrioventricula-
ris, 3 its truncus, 4, 5 its crus dext. and sin.; 6, 6 trabeculae septomarginales; 7, 7
mm, transversi; 8 ganglion sinuatriale; 9 ganglion atrioventriculare

course in the neighbourhood of blood vessels, whereas they are longitudinally orientated elsewhere. In
some animals, such as the sheep, they form muscular plexuses, and in the dog their course is irregular.
Adjacent to the node there are also ganglion cells (ganglion sinuatriale) (24/8) whose nerve fibres enter
the nodes. The connective tissue surrounding the node contains variable quantities of adipose tissue and
provides only an indistinct delineation from the surrounding structures. The specialized muscle cells and
their processes are connected by intercalated discs to neighbouring cells to form fibres whose diameter
and length are distinctly less than those of the atrial musculature. Also, the round nuclei of the nodal
cells are distinguishable from the elongated nuclei of the atrial muscle cells. The cross-striated fibrils are
mainly located at the periphery of the cells of the node and they thus leave a space in the centre of the cell
for the nucleus, the mitochondria, the endoplasmic reticulum and the Golgi apparatus.

Specialized impulse-conducting muscle fibres connecting the sinuatrial and the atrioventricular nodes
have not been demonstrated in the atrial musculature. The excitation wave starts at the sinuatrial node
and spreads throughout the entire contractile musculature of the right atrium and, with a delay of a
fraction of a second, to the left atrium, thus causing them both to contract (atrial systole). From there
the excitation wave reaches the atrioventricular node and finally, by way of the bundle of His, its two
limbs and the Purkinje fibres, it spreads to the papillary muscles and the contractile musculature of the
ventricles.

Before proceeding with a description of the topography of the atrioventricular node and the bundle of
His, one should again stress that the contractile musculature of the atria is not connected to that of the
ventricles, a fact which is of paramount importance to the function of the mammalian heart. The anuli
fibrosi of the ostia represent an absolute demarcation between the musculature of the atria and the
ventricles. The fibrous rings are bridged only and exclusively by the specialised musculature of the
conducting system which carries the excitation from the musculature of the atria to that of the ventricles.

This second part of the excitation and conduction system commences at the elongated oval or
club-shaped nodus atrioventricularis (24/2). In the dog it measures 34 mm long by 1-2 mm broad. In
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the ox it has a lenght of 0.8-1.3 cm and a breadth of 0.6-0.8 cm and it consists of an upper part lying
against the large os cordis, and a lower part which is embedded in the atrial septum. In the horse the
node measures 6~10 mm long, 5-7 mm broad and 0.6-2.5 mm thick. The node is embedded in the
musculature of the atrial septum in which it fans out without any distinct demarcation or, as in the ox, it
is surrounded by a connective tissue capsule. It is located in the floor of the right atrium not far from the
mouth of the coronary sinus, above the chiasma anuli fibrosi arteriosi, a site at which the two anuli
fibrosi arteriosi meet in a connective tissue bridge.

The short, circular or flat bundle of His (truncus fasciculi atrioventricularis) (/3), resembles a nerve
trunk. It arises from the atrioventricular node, perforates the fibrous ring and reaches the apex of the
interventricular septum subendocardially at the site of insertion of the cuspis septalis of the right
ventricle. In the dog this is the site of transition from the pars membranacea to the pars muscularis septi.
It now divides into the crus dext. and sin. The left limb (/5) crosses the apex of the interventricular
septum and continues down its left surface towards the apex of the heart, initially in an intramuscular
and later subendocardial position. About half way down the septum the left limb starts to branch; it
gives off small ramifications to the septum, others enter the trabeculae carneae and yet others attain the
base of the papillary muscles via the trabeculae septomarginales (/6, 7). Finally they terminate in the
Purkinje fibres.

The right limb of the bundle of His (/4)is initially covered by the septal musculature as it runs behind
the mm. papillares parvi. It gives off branches to the latter as well as to the m. papillaris subarteriosus and
the interventricular septum. Subsequently this limb enters the thick trabecula septomarginalis (/6) of the
right ventricle to reach the base of the m. papillaris magnus. Smaller branches go in other trabeculae to
the outer wall of the ventricle. Like the ramifications of the left branch, those of the right terminate in
Purkinje fibres.

The histological structure of the atrioventricular node is very similar to that of the sinuatrial node.
They are both recognised by specific cells which are joined to muscle fibres by intercalated discs. The
impulse conducting fibres form a network embedded in connective tissue and having a rich supply of
blood vessels, nerve cells and nerve fibres. The overall structure is very loose in the ox and horse but
denser in the pig and sheep. No structural differences have been demonstrated between the upper atrial

part and the lower ventricular part of the node of the ox.
The specific fibres of the atrioventri-

cular node (24/2) are continued in the
¥ R\ trunk of the bundle of His (truncus
K’ - _Aorla. X\ S fasciculi atrioventricularis) (/4) where
L % they also form a network permeated by
il W 4 connective tissue and supplied by blood
ﬁ' P 4 'ﬁd b vessels and nerves. The fibres run
T - A Vi O parallel to the direction of the two limbs
W5 A. sin of the trunk and enter the much thicker
\ N g Purkinje fibres which in ungulates can
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: _ directly with the contractile muscu-
\ J ! ; lature. In dogs and cats the specific
fibres of the bundle of His are less
distinctly differentiated from the fibres
of the contractile musculature.

" e o ) Fig. 24 a. Impulse conducting system in the heart of the
ox. (After Aagaard and Hall, 1914.)

' & e ' The left atrium (atrium sin.) and the left ventricle are
! y opened. The course of the left limb of the bundle of His (a)
F o . and its terminal ramifications have been visualised by injec-

tion of their connective tissue sheaths
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In cattle and horses the typical Purkinje fibres may reach a diameter of 80 to 100 um and they are thus
easily differentiated from the fibres of the contractile musculature which have a diameter of about
10 um. They are made up of cells with extremely thin plasma membranes. Several neighbouring cells
link to become fibres which are surrounded by a structureless basal membrane. The Purkinje cells have
abundant cytoplasm which is rich in glycogen but contains few myofibrils. The latter are situated
towards the periphery of the cell and connected with the fibril bundles of neighbouring cells by means of
intercalated discs.

The fibre bundles of the conducting system are surrounded by a connective tissue capsule which can
be demonstrated by the injection of dyes. The injected fluid enters the space between the capsule and the
fibres and extends right up to the Purkinje fibres. It is thus possible, especially in ungulates, to visualise
the entire system (24 a). These connective tissue capsules are not lymph sheaths since they have no
endothelial lining. The fluid within the space facilitates the exchange of metabolites. Furthermore, the
capsule allows the fibres of the excitation and conducting system freedom of movement without risk of
stretching or tearing during myocardial contraction.

Innervation of the heart

In addition to the automatic control of its action by the impulse generating and conducting system,
the heart’s function is also controlled by cardiac nerves. These ensure that the heart adapts to the
requirements of the body, which often change rapidly, by providing an adequate supply of blood and
making the most economical use of its reserve power.

The innervation of the heart is by the autonomic sympatho-parasympatbetic nervous system.

The efferent preganglionic cardiac nerves of the sympathetic trunk are derived from the 1st to the 4th
or 5th thoracic segment of the spinal cord and reach the truncus sympathicus via the rami communicantes
albi. A proportion of these fibres have already made synaptic connections with the second neurone in
the vertebral ganglion of the sympathetic trunk but in the majority of fibres this occurs only in the
ganglia of its cervical part, namely the ggl. cervicale medium and candale, and to a variable extent also in
the ggll. vertebralia of the sympathetic trunk and the ganglia of the plexus cardiacus.

The 1st, 2nd and often also the 3rd and 4th ggl. vertebrale are fused into a large node which is situated
at the thoracic entrance in the neighbourhood of the 1st to 3rd ribs. In all domestic mammals with the
exception of the dog, the ganglion cervicale cand. also participate in this fusion, producing the ggl.
cervicothoracale, also known, because of its appearance, as the ggl. stellatum (for further details see
vol. IV). In some animals, such as cats, pigs and ruminants, there is an independent ggl. cervicale
medium which gives rise to the nn. cardiaci medii. The nn. cardiaci cervicales candd. arise from the
cervicothoracic ganglion. Finally, the 1st to 6th vertebral ganglia of the sympathetic trunk give rise to
the rami cardiaci thoracales. Together with the parasympathetic nerves (infra), these nerves form a
network, the meshes of which are at first wide and then narrow, which contains the ggll. cardiaca. The
wide-meshed superficial plexus is found mainly on the left side on the concavity of the aortic arch and
the branches of the pulmonary trunk. The close-meshed deep plexus is situated more to the right, lying
between the aortic arch and the bifurcation of the trachea and branches of the pulmonary trunk. Both
plexuses are interconnected by numerous branches.

The parasympathetic innervation of the heart derives from the 7. vagus which, after giving rise to
the n. laryngeus recurrens, carries only parasympathetic fibres to the organs of the thoracic and
abdominal cavities. Shortly after entering the thoracic cavity the vagus nerve gives rise to two or three
rami cardiaci crann. and the recurrent laryngeal nerve gives off the rami cardiaci candd., all of which
enter the plexus cardiaci along with the previously mentioned cardiac nerves of the sympathetic system.

Both plexus cardiaci give off intracardiac nerves. They supply the cardiac blood vessels, all the layers
of the myocardium and the impulse generating and conducting system. They enter the atrial
musculature in several groups and are said to maintain a close relationship to the conducting system.
Some of the nerve fibres which presumably stem from the vagus are preganglionic and their transference
to postganglionic fibres occurs in the numerous intramural ganglia of the atrial musculature. A large
ganglion, the ggl. sinuatriale (24/8), lies next to the sinuatrial node, while another, the ggl.
atrioventriculare (/9), is situated next to the atrioventricular node. Other stout branches of the plexus
form into networks in the coronary groove, whence they follow the coronary arteries and their branches
to form a subendocardial ramification which also contains ganglia. Fibres originating from this network
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enter the myocardium along with the blood vessels, make contact with the muscle fibres by encircling
them with delicate offshoots and finally form a subendocardial network.

The function of the sympathetic and parasympathetic nerves extends to both the contractile
musculature of the heart and the specific musculature of the impulse generating and conducting system.
Stimulation of the sympathetic cardiac nerves causes a speeding up of impulse generation in the sinuatrial
node and of impulse conduction. Associated with this is a reduction of the impulse transmission time
and an increased excitability and contractability of the heart musculature. This leads to an increased
heart rate and energy output by the heart with a resultant increase in blood pressure. Because of these
effects, the sympathetic nerve of the heart is also spoken of as . accelerans.

The parasympathetic or vagus has the opposite action.It retards impulse generation and conduction as
well as the transmission time. It lowers the excitability of the musculature. It retards the heart action and
therefore preserves the power of the heart and ensures its economic utilisation. Under physiological
conditions it reduces the action of the sympathetic to such an extent that the heart maintains a
satisfactory basal rate.

The sympathetic-parasympathetic cardiac nerves carry not only efferent but also afferent fibres. These
end in delicate branchlets having various types of terminal receptors located in the subepicardial,
subendocardial and intramuscular regions. They regulate alterations in the muscle tension of the atria
and ventricles and react to chemical or painful stimuli. The impulses originating from them are carried to
cardiovascular centres in the brain and spinal cord and elicit a response through various reflexes.

The influence on cardiac action of the baroreceptors and chemoreceptors present in the peripheral
circulatory system and of the various hormones which act through the circulation regulating centre,
have already been discussed on page 14.

Blood vessels of the heart
(27-49)

Because it has only short diastolic rests, the work output and energy requirements of the heart are
very great. Consequently it is outstandingly well supplied with its own blood vessels and, indeed, these
carry 10% of the total volume pumped by the organ during systole. Since the structure and function of
the heart is essentially the same in all mammals, it is not surprising that the arrangement of its blood
supply is also fundamentally similar.

All the blood vessels of the surface of the heart are subepicardial in position although, especially in the
pig and to some extent in the carnivores, the vessels may be bridged by thin strips of myocardial tissue.
This arrangement is also occasionally encountered in sheep and goats but not in the ox or horse. The
subepicardial vessels are embedded in adipose tissue in amounts which vary according to species and
nutritional status. The superficially situated arteries give off, usually at right angles, myocardial
branches which enter the musculature where they branch extensively forming an exceptionally dense
capillary network.

Arteries

The blood necessary to sustain the continuous work of the heart is carried to the organ in two large
arteries. These are the first vessels to arise from the aorta and, because of their topographic disposition,
they are termed aa. coronariae. The distribution pattern and the proportion of the whole organ
supplied by the a. coronaria sin. and the a. coronaria dext. differ in the dog and ruminants from the
pig and horse (25, 26).

In the dog and the ruminants the a. coronaria sin. arises from the left sinus of the aortic bulbus (28/8;
38/1;44/1) and divides into the r. interventricularis paraconalis and the r. circumflexus (sin.). The former
follows the sulcus interventricularis paraconalis to the apex of the heart, while the latter follows the left
part of the coronary groove and reaches the facies atrialis as a stout vessel, to continue thence to the
heart apex as the r. interventricularis subsinuosus situated in the right longitudinal groove (29/12; 39/2;
45/2).

In) the pig and horse the left coronary artery (35/9; 47/1) forks, after a short course, into the r.
interventricularis paraconalis (/11; /2) which runs towards the sulcus paraconalis, and the r. circumflexus
(/10; /3) which follows the left part of the coronary groove. The latter branch attains the margo
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ventricularis sin. or even the facies atrialis (right surface of the heart), where it divides into several
branches. i

The a coronaria dext. (27/9; 37/8; 43/9) of the dog and ruminants is thinner than the left vessel. It
originates from the right sinus of the aortic bulbus, initially as ther. circumflexus (dext.), and runs in the
right part of the coronary groove towards the atrial surface of the heart where it divides into branches
for the right ventricle and atrium (29/16; 39/8; 45/8). It does not extend as far as the subsinuosal
interventricular groove.

The a. coronaria dext. of the pig and horse arises at the same site as in the previous species and runs in
the right part of the coronary groove as the r. circumflexus (dext.) (34/8; 46/10). It reaches, without
decreasing appreciably in diameter, the right longitudinal groove in which it continues towards the apex
of the heart as the r. interventricularis subsinnosus (36/15 ; 48/2).

From this description it is clear that in dogs and ruminants both the paraconal and the subsinuosal
interventricular rami arise from the left coronary artery. Thus, in these species, the supply area of the
left coronary artery encompasses the whole of the left heart, including the interventricular septum and
that part of the right ventricular wall which adjoins the longitudinal groove. The right coronary artery
supplies, in these species, only that region of the right ventricular wall near the margo ventricularis dext.
and the right atrium. This arrangement is known as the left coronary type of supply (25).

Although in the pig and horse the paraconal interventricular ramus also arises from the left coronary
artery, the subsinuosal ramus is given off from the right coronary artery and thus is different from the
situation in the dog and ruminant. In the pig and horse, therefore, both coronary arteries participate
about equally in the supply of the heart musculature including the septum (26). This is known as a
bilateral coronary type of supply.

The distribution pattern of the coronary arteries in the cat is variable in that in the majority of cases
the left coronary artery behaves as in the dog, giving rise to both interventricular rami. In a few cases,
however, the pattern resembles that of the pig and horse in that the paraconal ramus originates from the
left and the subsinuosal ramus from the right coronary artery. In rare instances one may even encounter
two aa. interventricularis subsinuosi, both coronary arteries being involved in their formation. The most

Figs 25, 26. Cross section through the ventricles of the heart. This is a diagramatic representation of the species difference in the supply regions of the
coronary arteries. The stippled parts of the wall are supplied by the left coronary artery while the hatched portions are supplied by the right coronary artery.

a ventriculus dext.; b ventriculus sin.; ¢ septum interventriculare; d trabecula septomarginalis; e margo ventricularis dext.; f m. papillaris magnus; g mm.
papillares parvi; b, i m. papillaris subatrialis or subauricularis;

Fig 25. 1 r. interventricularis paraconalis of the a. coronaria sin. ; 2 v. interventricularis paraconalis of the v. cordis magna in the sulcus interventricularis
paraconalis; 3 r. interventricularis subsinuosus of the a. coronaria sin.; 4 v. cordis media in the sulcus interventricularis subsinuosus. Left-coronary type of
supply in the dog and ruminants.

Fig. 26. 1 and 2 as in fig. 25; 3 r. interventricularis subsinuosus of the a. coronaria dext.; 4 v. cordis media in the sulcus interventricularis subsinuosus.

Bilateral coronary type of supply in the pig and the horse.
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common form is thus the left coronary type, the bilateral type is less common and the bilateral coronary
variant comprises the remainder.

Veins

The venous blood from the heart empties directly into the right atrium through a variable number of
veins or through the coronary sinus. This sinus coronarius is a tubular dilatation of the right atrium and
it is situated under the ostium venae cavae cand. in the coronary groove on the atrial surface of the heart.
This sinus measures 2-3 cm in length in the dog (29/11), 2-3 cm in the pig (36/d), 3.5-5 cm in the ox
(39/13) and 3-5.5 cm in the horse (48/15). In the horse the termination of the sinus in the right atrium is
furnished with indistinct valvala sinus coronarii (24/h).

The coronary sinus continues in the direction of the left, caudal ventricular border as the v. cordis
magna (great coronary vein). The dividing line between the sinus and vein is indicated in carnivores and
horses by the origin of the distinct v. obliqua atrii sin. (27/20; 46/24); in pigs and ruminants it is located
at the origin of the v. azygos (36/8; 39/¢), a vessel which is characteristic of these species. Some authors
look upon the left oblique atrial vein as a rudiment of the left sinus horn of the embryonic heart, while
others interpret it as the remnant of the azygos vein which, as implied above, is absent in carnivores and
horses. In addition to the great coronary vein, the coronary sinus also gives rise to the v. cordis medias.
interventricularis subsinnosa, which arises directly from the right atrium in the horse.

By their course and drainage area the v. cordis magna and v. cordis media (middle cardiac vein)
correspond in carnivores and ruminants to the branches of the left coronary artery. Its left circumflex
and interventricular paraconal rami are accompanied by the v. circumflexa (sin.) and the v. interventri-
cularis paraconalis of the great coronary vein (27, 28/18, 19; 37/19, 20; 38/11, 12). The accompanying
vein of the interventricular subsinuosal ramus of the left coronary artery is the middle cardiac vein
(29/12; 39/14). In the pig and the horse (36/21; 48/12) it also follows the r. interventricularis subsinuosus
which in this case, however, stems from the right coronary artery.

The vv. cordis parvae (dextrae) are 4-5 smaller veins which collect the blood from the region near the
coronary groove of the right ventricle and empty, either individually or after uniting into a common
trunk (34/20), into the right atrium (27/10-13; 34/10-12, 21; 37/9-12, 22;46/12, 13, 16;47/12, 13; 48/3,
4).

Finally, mention should be made of the vv. cordis minimae (Thebesii). These are very narrow veins
of only a few millimeters length which arise from the capillaries of the myocardial musculature and
deliver blood through the foramina venarum minimarum directly into the chambers of the heart.
Although there are species differences, these foramina are numerous in the atria and less common in the
ventricles (23).

Structure and special organization of the blood vessels of the heart

The large and medium sized arteries of the heart are of the elastic-muscular type, while the smaller
arteries are of muscular type. Their circular and longitudinal layers vary in thickness and arrangement.

Circulation-regulating structures in the form of cushion or throttle arteries are present and there are
also arteries which have epithelioid muscle cells. Because of the great energy-demand of the heart
muscle, it has an extremly dense, three-dimensional capillary network the meshes of which are arranged
according to the structure of the muscle bundles or the muscle cells.

Anastomoses between branches of the two coronary arteries, referred to as interaarterial connections,
are relatively rare whereas intraarterial connections, that is links between small branches of larger
subendocardial arteries, are found frequently. It is important to point out that the supply areas of the
individual ventricular branches remain in strictly separated sectors down to their capillary ramifications.
Although the capillaries of two bordering regions may interdigitate, there are no connections between
them. Thus the branches of the coronary arteries are true end-arteries each of which is responsible for
the supply of a distinct and circumscribed area of myocardial tissue of a size which depends on the
calibre of the branch vessel. When such an end-artery becomes occluded, the area which it supplies no
longer receives blood.

The structure of the media of subepicardial veins is predominantly muscular although in medium-
sized and small myocardial vessels only a connective tissue media remains. In all the domestic mammals
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valves are present in the subepicardial veins, particularly at the origin of branches but also in
non-branching parts of the vessels. In pigs such valves are also found in myocardial veins, even in those
with a calibre of only 120 um.

Veno-venous anastomoses are very numerous in the hearts of all domestic mammals. They connect
and interconnect the subendocardial and myocardial veins and even form junctions between veins of the
right and left ventricles.

It is noteworthy that in the dog, cat and horse the smaller subepicardial arteries are each accompanied
by two collateral veins and these veins are connected to each other by bridge anastomoses. On the other
hand, arteriovenous anastomoses, that is direct connections between precapillary arteries and postcapil-
lary veins, have not been demonstrated in the heart of domestic animals.

Lymph vessels of the heart

In all the domestic mammals the lymph vessels of the heart originate from the subendocardial,
myocardial and subepicardial networks of lymph capillaries. These plexuses unite into larger vessels
which follow the courses of the blood vessels in a subepicardial location running towards the coronary
groove. This applies both to the lymph vessels of the ventricles and of the atria. The most common
lymph vessel collecting site in the heart is at the point where the interventricular paraconal sulcus enters
the coronary groove. The larger lymphatics proceed from there to various lymph centres or lymph
nodes depending on the species. In the dog they go to the lymphocentrum bronchale and the Inn.
mediastinalis crann. et medii; in the pig to the Inn. tracheobronchales sinn. et crann.; in ruminants to the
lymphocentrum bronchale and the Inn. tracheobronchales crann. et mediastinales crann. and in the horse
to the Inn. tracheobronchales sinn. et mediastinales crann.

In the dog and the horse the lymph vessels from the atrial (right) surface and from the atria may pass
directly to their lymph nodes.

Species characteristic of the heart,
general considerations

It is difficult to determine the species from which an isolated heart originates by its external
appearance and size alone. However, various reliable identifying criteria are available. These include the
distribution pattern of the cardiac vessels and the characteristic mode of origin from the heart of the
right and left azygos veins, which differ in various species (cf. pg. 40). Another diagnostic feature is
the variable amount, colour and consistency of the subepicardial adipose tissue and the presence of
subendocardial fat. Fatty tissue occurs in the coronary groove and the interventricular sulci and inside
the cavities of the heart. The internal structure of the heart also shows species differences. In this context
it should be recalled that in all mammals the trabeculae carneae, the mm. papillares transversi and
pectinati, the chordae tendineae and the atrioventricular valves all develop from the embryonic muscular
spongy tissue of the ventricles. This complicated developmental process is responsible not only for
species differences in the structure of the interior of the heart but also for the fact that, even within one
and the same species, no one heart is exactly the same as another.

Size, weight and measurements of the heart, general considerations

The size, the absolute weight and, surprisingly, the relative weight and measurements of the heart are
dependent on a number of different factors. These include, above all, the breed and resultant size and
body weight of the individual animal. Age and nutritional status are important and the various
parameters are considerably influenced by the life style of the animal. The significance of the
measurements will also depend on whether, at the time of examination, the heart was in diastole or
systole, whether it was full of blood and whether it was, or had been, in rigor.

Consideration must be given to diseases which may influence the circulation. In the dog, for instance,
chronic nephritis is very common and may severely influence the size and weight of the heart. If all these
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factors are taken into consideration, it is not surprising that widely divergent data on the weights and
sizes of the hearts of domestic animals are cited in the literature. It is thus important to ascertain in each
case what methods were used for the statistical assessment.

The heart of the dog and the cat

(5, 16-18, 21-23, 27-33)

The heart of the carnivore is in the form of a blunt, almost spherical cone. The internal structure of its
ventricles presents some species-specific characteristics worthy of note.

Interior of the ventricles

The left ventricle of the dog and cat contains numerous bulging, longitudinally directed trabeculae
carneae which are attached to the ventricular wall to varying extents. Only that part of the
interventricular septum which lies below the septal cusp of the mitral valve is entirely smooth. The
interior of the right ventricle is of similar structure. In this case the smooth part of the septum will be
found in the region of the conus arteriosus and the septal cusp of the tricuspid valve.

In the left ventricle there are generally two muscular bands which extend from the septum to the two
papillary muscles. The two muscular bands of the right ventricle are less constant. The first, which is
always present, is the m. transversus (trabecula septomarginalis) (16, 18/f) which goes to the m.
papillaris magnus (/c) while the second, which may be absent, takes its course to the mm. papillares

parvi (18/f', d).

Fig. 27. Base of the canine heart after removal of the atria. The larger arteries and veins
are labelled independently, the smaller ones together. (After Liicke, Diss. med. vet.,
Hanover, 1955.)

a, b, c valva aortae (4 valvula semilunaris sin., b valvula semilunaris dext., ¢ valvula
semilunaris septalis); d, e, f valva trunci pulmonalis (d valvula semilunaris sin., e valvula
semilunaris dext., f valvula seniilunaris intermed.); g, b valva atrioventricularis sin. s.
a9 17 bicuspidalis (g cuspis septalis, b cuspis parietalis); i, k, [ valva atrioventricularis dext. s.
1 tricuspidalis (i cuspis septalis, k cuspis parietalis, / cuspis angularis); m septum interatriale;
n conus arteriosus; 0 margo ventricularis dext.; p margo ventricularis sin.; ¢ sulcus
interventricularis paraconalis; » sulcus interventricularis subsinuosus

1 a. coronaria sin.; 2 r. interventricularis paraconalis; 3 r. collateralis prox., 4 r.
circumflexus (sin.); 5 r. prox. ventriculi sin.; 6 r. marginis ventricularis sin.; 7 r. and v.
dist. ventriculi sin.; & r. interventricularis subsinuosus; 9 a. coronaria dext., the r.
circumflexus (dext.); 10 a. and v. coni vasculosi; 11 r. and v. prox. ventriculi dext.; 12 r.
and v. marginis ventricularis dext.; 13 r. and v. dist. ventriculi dext.; 74 r. atrii dext.; 15
== ostium of the sinus coronarius; 16 sinus coronarius; 17 v. cordis media; 18 r. circumflexus
& P and 19 r. interventricularis paraconalis of the v. cordis magna; 20 v. obliqua atrii sin.

In the right ventricle the m. papillaris subarteriosus (16—18/e) is solitary and relatively more substantial
in the cat than in the dog, while the m. papillaris magnus can consist of two to three components in both
the dog and the cat (/c). In the dog the great muscle can be situated either on the septum alone (16/c) or
on the outer wall (17/c), although in the latter instance it is intermediate since it still has some relation to
the septum. In the cat it is usually intermediate or based entirely on the outer wall (18/c). The mm.
papillares parvi (16-18/d) of both species tend to form groups and they are made up of two limbs.

The two papillary muscles on the outer wall of the left ventricle are usually stouter than those of the
right ventricle. In the dog the m. papillaris subatrialis is usually weaker than in the cat, has a broader
base and rises from the outer wall of the ventricle as a single blunt peak from which extend the tendinous
cords. The m. subauricularis varies in shape. It has a solid base from which several pointed secondary
papillae usually project. In addition to these two or three papillary muscles which are inevitably present,
there may be a number of additional small papillary muscles in both ventricles of the cat and dog.
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Size and weight of the dog’s heart

In the following tables 14 are given a selection of values for the weight and size of the hearts of dogs
which may serve as useful guidelines. The information recorded includes the absolute and relative
weights of the hearts of various breeds of dogs, the measurements of the circumference, transverse and

Table 1 Heart weights (in g.) of various breeds of dogs (After Balmer, 1937.)

Absolute Relative
Breed heart weight Mean heart weight

Great Dane 130470 293.1 0.71 %
St. Bernhard 200-500 301.0 0.64 %
Pointer 100-350 233.8 0.78 %
Setter 100-200 158.6 0.73 %
German Shepherd 100-300 199.6 0.75 %
Doberman 90-275 178.0 0.73 %
Airdale 100-300 185.0 0.76 %
Schnauzer 40-150 95.6 0.71 %
Spaniel 30-120 92.8 0.76 %
Spitz 15-100 58.4 0.76 %
Dachshund 40-110 75.2 0.73 %
Pinscher (miniature) 10~ 80 48.0 0.70 %
Fox terrier 24-120 67.7 0.73 %
Mongrel 25-320 111.7 0.74 %

Table 2 Transverse and sagittal diameter in cm. (After Kunze, 1952);
Heart circumference in cm. (After Schubert, 1909)

Heart Circumfer-
weight Transverse Sagittal ence of
in g. diameter Mean diameter Mean the heart* Mean
27— 58 3.5-5.5 4.5 4.0- 6.1 5.0 11.3-21.3 16.0
74— 99 3.8-6.5 5.3 5.7-7.1 6.6 13.7-23.7 18.6
201-237 5.5-7.5 7.0 7.7-11.0 8.5 19.9-33.7 26.8

* Below the coronary groove

Table 3 Height of the margo ventricularis dext. (margo cran.) and of the margo ventricularis sin.
(margo caud.) *

Heart Margo Margo

weight ventricularis Mean ventricularis Mean

ing. dext. sin.

27— 58 6.9-10.8 8.9 4.5- 8.3 6.4
74— 90 9.0-12.5 12.2 6.5- 8.6 7.5
201-237 13.0-19.0 13.6 10.0-12.0 11.0

* Measured between the sulcus coronarius and the apex cordis; measurements in cm. (After Kunze, 1952)

Table 4 Thickness of the ventricular wall*

Heart weight Right ventricle Left ventricle
27— 58 0.3-0.8 0.8-1.3
74— 96 0.4-0.6 1.1-1.5
170-237 0.5-0.9 1.5-2.2

* Measured in cm. above the papillary muscle. (After Kunze, 1952)
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Fig. 28. Auricular surface of a dog’s heart. The larger arteries and
veins are labelled individually, the smaller ones together. (After
Liicke, Diss. med. vet. Hanover, 1955.)

4 auricula dext.; b auricula sin.; ¢ atrium sin.; d margo ventricularis

dext.; e margo ventricularis sin.; f ventriculus dext.; g ventriculus sin.;

b sulcus interventricularis paraconalis; i conus arteriosus; k sulcus
coronarius, pars sin.; / apex cordis; m incisura apicis

1 arcus aortae; 2 a. subclavia sin.; 3 a. brachiocephalica; 4 truncus
pulmonalis; 5 a. pulmonalis sin.; 6 vv. pulmonales sin.; 7 v. cava cran.;
8 a. coronaria sin., 9 its r. circumflexus (sin.), 10 its r. interventricula-
ris paraconalis; 17 r. collateralis prox.; 12 r. collateralis dist.; 13 r.
prox. ventriculi sin.; 74 r. marginis ventricularis sin.; 15 a. coronaria
dext., its r. circumflexus (dext.); 16 a. and v. coni arteriosi; 17 r. and v.
prox. ventriculi dext.; 18 v. cordis magna, its r. circumflexus, 19 its r.
interventricularis paraconalis; 20 r. prox. atrii sin.; 27 r. intermed. atrii
sin.

Fig. 29.  Atrial surface of a dog’s heart. The larger arteries and veins
are labelled individually, the smaller ones together. (After Liicke,
Diss. med. vet., Hanover, 1955.)

4 atrium sin.; b atrium dext. ; ¢ sinus venarum cavarum; d ventriculus
sin. ; e ventriculus dext.; f margo ventricularis sin.; g margo ventricula-
ris dext.; b sulcus interventricularis subsinuosus; i sulcus coronarius,
pars dext.; k sulcus coronarius, pars sin.; [ apex cordis; m incisura
apicis
1 arcus aortae; 2 a. subclavia sin.; 3 a. brachiocephalica; 4 right, 5 left
a. pulmonalis; 6, 6, 6, 6, right, 7 left vv. pulmonales; 8 v. cava caud.; 9
v. cava cran.; 10 v. azygos dext.; 11 sinus coronarius and r. circumfle-
xus of the a. coronaria sin.; 12 r. interventricularis subsinuosus and v.
cordis media; 73 r. and v. dist. ventriculi sin.; 74 v. ventriculi dext.; 15
r. dist. atrii sin.; 76 r. circumflexus (dext.) of the a. coronaria dext.; 17
r. and v. marginis ventricularis dext.; 18 r. and v. dist. ventriculi dext.;
19, 20 r. dist. atrii dext.; 21 r. intermed. atrii dext.

longitudinal diameters at the base of the heart, the height of the ventricles at the right and left ventricular
borders and finally the thickness of the ventricular walls.

Position of the heart in the dog*
®)

The long axis of the heart forms with the sternum an angle of about 40° which is open cranially. Its
base is craniodorsally directed and lies at about half the height of the thoracicscavity, corresponding to a
horizontal level through the centre of the 1st rib or a line connecting the acromion of the shoulder blade
with the end of the 13th rib. The margo ventricularis dext. follows at some distance the contour of the
sternum while the margo ventricularis sin. accompanies the cranial border of the 7th rib. Both these
borders meet at the apex of the heart which is slightly deflected to the left and reaches the level of the 7th
costal cartilage. About #/;ths of the heart lies on the left side of the midline and */ths on the right and it

* Data relating to clinical examination are taken from Marek and Mocsy (1956)
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occupies the thoracic space between the 3rd and 7th ribs and between the sternum and half the height of
the thoracic cavity. Situated mostly at a distance from the thoracic wall, it is imbedded in the cardiac
impression of both lungs and only in the region of the incisura cardiaca, which is smaller on the right
side, does the heart makes contact with the thoracic wall. The topography of the thoracic wall limits the
application of clinical examination of the heart by palpation, percussion and auscultation, as well as by
radiological means. This is because the thorax is covered in its cranial region by the shoulder blade and
part of the humerus and their musculature. The caudal contour of the m. triceps brachii (linea anconaea)
commences at the third costo-vertebral joint and crosses the lower end of the 5th rib. However, the
thoracic wall can be exposed for examination in an area between the 4th and 7th rib, by pulling forward
the forelimb. (cf. vol. II. figs 375 and 376).

A knowledge of the topography of the heart permits various diagnostic methods of cardiac
examination to be carried out in the living animal. These include palpation of the apex beat which
originates from the rhythmic contractions of the myocardium and resultant pounding against the chest
wall. In the dog it can be distinctly felt in the lower third of the chest between the 4th and 6th, and
especially over the 5th, intercostal spaces. It can also be detected on the right side between the 4th and
5th intercostal spaces but is less distinct.

It is possible to demonstrate by percussion an area of absolute cardiac dullness in that part of the heart
which is not covered by the lungs. This will be found on both sides between the 4th and 6th intercostal
spaces. The dorsal limit of this area of dullness is formed by the symphyses of the 4th and 5th ribs and
medioventrally the areas of dullness from the left and right side meet in the 4th to 6th intercostal spaces.

In the dog auscultation of physiological and pathological heart sounds is carried out in the 5th
intercostal space for the left ventricle and for the right ventricle in the 4th intercostal space, the lower
third of the chest being examined on both sides. These sites are also suitable for eliciting the normal and
adventitious sounds of the heart valves.

Heart of the cat, size and weight
(5, 18)

Some of the peculiarities of the interior of the feline heart have already been described. The following
table presents data on the weight and measurements of the heart.

Weight and size of the cat’s heart®

Height of the Circumfer-
margo ence of
Sex Body Heart weight Diameter (mm) ventricularis the heart
weight | absolute | relative | sagittal | transverse
ing | (2 % (mm) | (mm)
dext. sin.
Male 3360.0 18.4 0.55 33.0 24.3 48.5 39.9 90.3
Female 2480.0 12.7 0.51 26.5 19.3 42.4 31.9 77.6

* Average values (After Sichert, 1935)

The sex dimorphism in favour of the male of this species is significantly reflected in the various
parameters of the heart.

The topography of the cat’s heart differs from that of the dog as the anteriorly open angle between the
axis of the heart and the sternum is only 25-30° and the heart occupies the lower half of the thorax
between the 4th and 7th ribs. Since the caudal border of the triceps brachii muscle ends at the 4th rib, the
heart of the cat is entirely retroscapular, its left surface being nearest to the thoracic wall between the 4th
and 6th ribs and its right surface being closest at the 5th rib. These are also the areas where the apex beat
is most readily palpated and where the heart sounds can be satisfactorily auscultated.
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Blood vessels of the heart of the dog and cat
(27-33)

Arteries

The a coronaria sin. (28/8; 31/1) forks into two main branches while still within the coronary groove.
One of these, the r. interventricularis paraconalis, descends in the groove of the same name to the
incisura apicis (28/10; 30/2 31/2) while the other, the r. circumflexus (sin.) (28/9; 31/3), follows the left
part of the coronary groove. In the cat the interventricular paraconal branch gives rise to the r. angularis
(31/4) and subsequently, both in the cat and the dog, the rr. collaterales sin. prox. et dist. (28/11, 12;
31/7, 8) are given off. These last two also go to the facies auricularis of the left ventricle. Both branches
supply the m. papillaris subauricularis of the left ventricle. In the cat the interventricular paraconal
branch gives off the r. coni arteriosi (31/11) to the wall of the right ventricle and several small branches

Fig. 30. Base of the heart of a cat, after removal of the atria. (After Habermehl, 1959.)

a, b, c valva aortae (2 valvula semilunaris sin., & valvula semilunaris dext., ¢ valvula semilunaris septalis); d, e, f valva trunci pulmonalis (d valvula semilunaris

sin., e valvula semilunaris dext., f valvula semilunaris intermed.); g, b valva atrioventricularis sin. s. bicuspidalis (g cuspis septalis, b cuspis parietalis); s, k,

valva atrioventricularis dext. s. tricuspidalis (¢ cuspis septalis, k cuspis parietalis, [ cuspis angularis); m septum interatriale; » conus arteriosus; o margo
ventricularis dext.; p margo ventricularis sin.; ¢ sulcus interventricularis paraconalis; r sulcus interventricularis subsinuosus

1 a. coronaria sin., 2 its ramus interventricularis paraconalis, 3, 3 its r. circumflexus; 4 r. and v. angularis; 5 r. and v. prox. ventriculi sin.; 6 r. and v. marginis

ventricularis sin.; 7 r. and v. dist. ventriculi sin.; 8 r. prox. atrii sin.; 9 a. coronaria dext., 9" its r. circumflexus; 10 a. and v. coni arteriosi; 17 r. and v. prox.

ventriculi dext.; 12 r. and v. marginis ventricularis dext.; 13 r. and v. dist.ventriculi dext.;14 r. dist. atrii dext.; 75 r. intermed. atrii dext.; 16 r. prox. atrii

dext.; 17 sinus coronarius; 18 v. cordis magna, pars circumflexa; 79 v. interventricularis paraconalis; 20 v. obliqua atrii sin.; 21 v. cordis media; 22 r.
interventricularis subsinuosus of the a. coronaria sin.; 23 r. dist. atrii sin.; 24 r. intermed. atrii sin.

Fig. 31.  Arteries and veins of the auricular surface of the cat’s heart. (After Habermehl, 1959.)
A auricula dext.; B auricula sin., partly removed; C margo ventricularis dext.; D margo ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus
interventricularis paraconalis; H conus arteriosus; ] sulcus coronarius, pars sin.; K apex cordis; L incisura apicis
a arcus aortae; b a. brachiocephalica; ¢ a. subclavia sin.; d truncus pulmonalis; e, ¢ vv. pulmonales sin.; f v. cava cran.; g v. azygos dext.

1 a. coronaria sin., 2 its v. interventricularis paraconalis, 3 its r. circumflexus sin.; 4 r. and v. angularis; 5 r. and v. prox. ventriculi sin.; 6 r. and v. marginis
ventricularis sin.; 7 r. and v. collateralis sin. prox.; 8 r. and v. collateralis sin. dist.; 9 r. and v. coni arteriosi; 10 r. and v. proximalis ventriculi dext.; 71 r. and
v. coni arteriosi; 12 v. cordis magna; I3v. interventricularis paraconalis
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which are distributed to the region of the interventricular septum bordering on the longitudinal groove.
However, by far the greatest part of the interventricular septum, as well as the nodus and fasciculus
atrioventricularis, are supplied by its r. septi interventricularis (33/4) and this also undertakes the
vascularization of the three papillary muscles of the right ventricle.

The . circumflexus (sin.) of the left coronary artery (28/9; 29/11; 30/3; 31/3) runs, initially under the
cover of the left auricle, in the left part of the coronary groove to the sulcus subsinuosus on the atrial
surface and finally, as it runs in the longitudinal groove towards the apex of the heart, it becomes the r.
interventricularis subsinuosus (29/12; 32/2).

In those few cats where the r. circumflexus does not reach the subsinuosal groove, the 7.
interventricularis subsinuosus (33/1, 2) is supplied by the a. coronaria dext.

During its course the left circumflex branch gives off several small vessels which supply that part of
the left ventricular wall which lies next to the coronary groove. Three of its largest branches, ther. prox.
ventriculi sin. (28/13; 31/5), the r. marginis ventricularis sin. 28/14; 31/6) and the r. dist. ventriculi sin.

Fig. 32. Arteries and veins on the atrial surface of the heart of the cat. (After Habermehl, 1959.)

A atrium dext.; B atrium sin., C margo ventricularis dext.; D margo ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus interventricularis
subsinuosus; H sinus venarum cavarum; J auricula dext.; K apex cordis
a arcus aortae; b a. brachiocephalica; ¢ a subclavia sin.; d, d branches of the truncus pulmonalis; e, e vv. pulmonales; f v. cava caud.; g v. cava cran.; b v.
azygos dext.
1 r. circumflexus of the a. coronaria sin., 2 its r. interventricularis subsinuosus; 3 r. and v. dist. ventriculi sin.; 4 r. and v. marginis ventricularis sin.; 5 r. dist.
atrii sin.; 6 r. circumflexus of the a. coronaria dext.; 7 r. and v. marginis ventricularis dext.; 8 r. and v. dist. ventriculi dext.; 9 r. intermed. atrii dext.; 10 r.
dist. atrii dext.; 77 v. semicircumflexa dext.; 12 sinus coronarius; 13 v. cordis media; 14 v. cordis magna; 15 r. intermed. atrii sin. or v. obliqua atrii sin.; 16
v. collateralis dext. prox.

Fig. 33. Arterial supply to the interventricular septum of the heart of a cat. The wall of the right ventricle has been removed. (After Habermehl, 1959.)

A atrium dext.; B auricula dext.; C mm. papillaris parvi; D, D' septum interventriculare and wall of the ventricle; E m. papillaris subarteriosus; F apex cordis
a arcus aortae; b v. cava caud.; ¢ v. cava cran.; d branch of the truncus pulmonalis

I r. circumflexus of the a. coronaria dext.; 2 r. interventricularis subsinuosus of the a. coronaria dext.; 3 r. interventricularis paraconalis of the a. coronaria
sin.; 4 r. septi interventricularis with its branches to the septum and the mm. papillares subarteriosus and magnus; 3, 6, 7 further septal branches of the r.
interventricularis subsinuosus and paraconalis
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(29/13; 32/3), also descend the wall of the left ventricle. The last named also vascularizes the .
papillaris subarterialis which also receives branchlets from the r. interventricularis subsinuosus as
described below.

Further offshoots from the r. cirsumflexus (sin.) supply the wall of the left atrium. These are the rr.
prox. intermed. et dist. atrii sin. (28/20, 21;29/15;30/8, 23, 24; 32/5), which also give off delicate twigs
to the interatrial septum.

As already pointed out, in the dog the interventricular subsinuosal branch always represents the
continuation of the left circumflex branch. During its course in the subsinuosal groove it sends small
branches to the myocardium next to the longitudinal groove. They supply a broad strip of right
ventricular tissue and a narrower strip of left ventricle.

In the cat, on the other hand, the interventricular subsinuosal branch arises from the left circumflex
ramus of the left coronary artery in only 50% of cases whereas in 30% of cases it springs from the right
circumflex branch of the right coronary artery. The former pattern is spoken of as a left coronary type
and the latter as a bilateral coronary type. Another possibility (about 12%) is the bilateral coronary
variant with two interventricular subsinuosal branches, whereby the two collateral branches supply the
neighbouring parts of the wall. Finally, complete absence of this artery is a rare exception.

In the dog the continuation of the a. coronaria dext. (27/9; 29/16; 30/9; 32/6) consists solely of its r.
circumflexus (dext.) which, covered by the right auricle, courses in the right part of the coronary groove
and terminates on the atrial surface. This also applies to cats having the left coronary type. In the
bilateral coronary type on the other hand, the right circumflex ramus continues in the interventricular
subsinuosal groove as the r. interventricularis subsinuosus and it passes to the apex of the heart. In both
types the right circumflex ramus gives off, as well as some smaller twigs, four large branches to the wall
of the right ventricle. These are the r. coni arteriosi to the similarly named part of the right ventricle
(27/10; 28/16; 30/10; 31/9), the r. prox. ventriculi dext. (27/11; 28/17; 30/11; 31/10), the r. marginis
ventricularis dext. (27/12; 29/17; 30/12; 32/7) and the r. dist. ventriculi dext. (27/13; 29/18; 30/13;
32/8). In cats with the bilateral coronary type, the r. interventricularis subsinuosus (33/2) is present as
already described. Apart from supplying the above mentioned parts of the ventricular wall, it also sends
smaller branches and its r. septi interventricularis to the interventricular septum (33/6, 7). Other
branches of the right circumflex ramus vascularize the wall of the right atrium. These are the rr. prox.
intermed. et dist. atrii dext. (27, 29 and 30, 32 respectively) which also participate in the supply of the
atrial septum. The r. dist. atrii dext. of the dog regularly gives off an artery to the sinuatrial node
whereas the r. prox. atrii sin. only occasionally participates in supplying the sinuatrial node.

Veins
(27/165 29/11; 30/17 5 32/12)

The sinus coronarius precedes the right atrium (cf. p. 40) and it is a collecting vessel for the bulk of
the venous blood from the heart. From this coronary sinus one of the two great veins of the heart, the v.
cordis media s. v. interventricularis subsinuosa (27/17; 29/12; 30/21; 32/13), arises first. It enters the
interventricular subsinuosal groove and by the time it reaches the apex it has divided into several
branches which anastomose there with others from the v. interventricularis paraconalis. Since the v.
cordis media has the same course and supply area as the arterial ramus interventricularis subsinuosus, it is
given the alternative name of v. interventricularis subsinuosa. A stout branch springs from it and runs to
the wall of the right ventricle; in the cat this is termed the v. collateralis prox. dext. (32/16) and in the
dog the v. ventriculi dext. (29/14). The next vessels arise simultaneously from the coronary sinus and are
the v. obliqua atrii sin., the v. dist. ventriculi sin. and the largest of the cardiac veins, the v. cordis
magna, which might be regarded as a continuation of the coronary sinus. The v. obliqua atrii sin.
(27/20; 30/20; 32/15) forms the division between the coronary sinus and the great cardiac vein. It
supplies the wall of the left atrium especially at the site of termination of the pulmonary veins. The .
dist. ventriculi sin. (27/7; 30/7) corresponds to the artery of the same name with which it also shares its
drainage area.

The v. cordis magna (27/18, 19; 30/18; 32/14) runs in the coronary groove and follows the course of
the (left) circumflex ramus of the left coronary artery. With its, generally paired, terminal branch it
enters the paraconal longitudinal groove as the v. interventricularis paraconalis (28/19; 31/13) and
accompanies the analogous artery to the apex of the heart. The anastomoses between the terminal
branches of this vein and those of the interventricular subsinuosal vein have already been described.
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On its way to the interventricular paraconal groove the great cardiac vein gives off the v. marginis
ventricularis sin. (27/6; 28/14; 30/6; 31/6), the v. prox. ventriculi sin. (27/5; 28/13; 30/5; 31/5) and, in
the cat, the v. angularis (30/4; 31/4) which share a common drainage area with the corresponding
arterial branches.

The v. interventricularis paraconalis gives rise to the following branches which drain the same area as
supplied by their accompanying arteries: the v. coni arteriosi (31/11), the v. collateralis dist. sin. (28/12;
31/8) and the v. septi interventricularis.

A group of small veins, the vv. cordis parvae, carries the blood from a part of the atrial surface of the
right ventricular wall directly into the right atrium (29, 32). In the cat four of these arise, sometimes in
pairs, from the right atrium above the coronary groove and they cross the arterial ramus circumflexus
dext. as they course towards the apex of the heart to reach their drainage area. These four vessels are the
v. coni arteriosi, the v. prox. ventriculi dext., the v. marginis ventricularis dext. and the v. dist.
ventriculi dext. In the cat the three last named veins may unite into a common stem which commences
below the sinus venarum cavarum and is known as the v. semicircumflexa (32/11).

Some of the blood draining from the myocardium is carried directly into the interior of the heart by
the vv. cordis minimae (Thebesii). These thin veins, measuring only a few mm. in length, have already
been referred to on page 40. They are most numerous in the right atrium and their number decreases
progressively in the left atrium, the right ventricle and the left ventricle respectively.

Heart of the pig

(19, 34-36)

The heart of the pig is in the form of a blunt cone and its height only slightly exceeds its greatest
craniocaudal diameter.

Internal structure of the ventricles

As in the other domestic mammals the interior of the pig’s ventricles exhibits some species
peculiarities, especially in its papillary muscles.

Both papillary muscles of the left ventricle arise from the outer wall but the m. papillaris subatrialis,
which borders on the interventricular septum, is broad and low. Its base is formed by several muscular
columns which unite into a single structure. Its cupola, which rises towards the cuspis septalis, usually
carries two or, less commonly, three projections. The system of muscular bands running from the
papillary muscle to the septum consists of a rounded muscle column which divides repeatedly after its
origin from the septum. The m. papillaris subauricularis can be clearly distinguished against the
ventricular wall by its rounded, beam-like shape. Its cupola is either uniformly rounded or bears several
small, wart-like processes. Isolated or interwoven muscular bands extend from its plinth to the septum.
In addition to these two papillary muscles there are usually several small accessory papillary muscles on
the outer wall of the left ventricle

Two of the three papillary muscles of the right ventricle are situated on the septum whereas the third
is on the outer wall. The m. papillaris subarteriosus (19/e) is but a small cupola-like eminence on the
septum, while the plinth of the m. papillaris magnus is formed by a number of muscular beams which
unite into a single complex (/c). The body of the latter extends prominently from the outer wall and
carries on its top two to four small excrescences. Always present between the base of the great papillary
muscle and the septum is the trabecula septomarginalis (/f) which measures between one and nine mm.
in diameter. The mm. papillaris parvi (/d) form a pleomorphlc muscle group consisting of several
components. It is not uncommon to find a smgle muscular eminence arising from the septum, the apex
of which carries one or more pointed projections. The right ventricle may also contain accessory
papillary muscles.

Size and weight

The following tables of the heart weights of pigs are taken from a study by Riihl (1971).

These data are of particular value because of the way in which they were obtained. One hundred and
seventy one animals were examined and during their entire life, on the average 205 days, they were kept
under exactly the same conditions of management and nutrition. The animals were of five different
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Fig. 34. Base of the pig’s heart after removal of the atria. (After
Rickert, Diss. med. vet., Hanover, 1955.)

a, b, c valva aortae (¢ valvula semilunaris sin., & valvula semilunaris
dext., ¢ valvula semilunaris septalis); d, e, f valva trunci pulmonalis (d
valvula semilunaris sin., e valvula semilunaris dext., f valvula semilu-
naris intermed.); g, b valva atrioventricularis sin. s. bicuspidalis (g
cuspis septalis, b cuspis parietalis); 7, k, [ valva atrioventricularis dext.
s. tricuspidalis (; cuspis septalis, k£ cuspis parietalis, / cuspis angularis);
m septum interatriale; » conus arteriosus, o margo ventricularis dext.;
p margo ventricularis sin.; ¢ sulcus interventricularis paraconalis;
sulcus interventricularis subsinuosus

1 a. coronaria sin.; 2 r. interventricularis paraconalis; 3, 3 r. circumfle-
xus; 4 r. and v. prox. ventriculi sin.; 5 r. and v. marginis ventricularis
sin.; 6 r. and v. dist. ventriculi sin.; 7 r. prox. atrii sin.; 8, 9 a.
coronaria dext., & its ramus circumflexus and 9 its r. interventricularis
subsinuosus; 10 a. and v. coni arteriosi; 71 r. and v. prox. ventriculi
dext.; 12 r. marginis ventricularis dext. and its accompanying vein; 13
r. dist. ventriculi dext.; 14 r. ventricularis sin.; 15 r. prox. atrii dext.,
15’ its terminal branch to the v. cava cran., 15" its branch to the right
atrium; 76 v. cordis media; 17 entry of the sinus coronarius; 18, 19 v.
cordis magna, 18 its r. circumflexus, 19 its r. interventricularis'
paraconalis; 20, 20 v. circumflexa dext., 21 its r. prox. atrii dext.; 22 r.
dist. ventriculi dext. of the v. cordis media

breeds of which the German landrace and the Piétrain pig represented early maturing pork varieties
while the German pasture pig and the Mangalitza were examples of late-maturing fattening pigs. Dwarf
pigs of a special type were used as controls. _

Using the body weight for calculating the relative heart weight may be criticised because it is known
that growth of the heart does not keep pace with the increase in body weight in breeds with extensive
subcutaneous layers of fat. Calculation of the relative heart weight by comparing, not the body weight,
but the weight of the skeletal musculature (theoretical proportion of meat) with that of the heart is a
more reliable procedure.

It can be seen from the table that when relative heart weight is calculated on a body weight basis, the
pig’s heart has a relative weight of 0.3 % which is small compared with other domestic mammals. When

Table 1*
Absolute heart weight Relative heart weight as %
Breed ing of body weight
(age of Body v
animals: No. Weight | arith-|Standard - arith-| Standard
202-205 of inkg | metic| devi- metic| devi— _
days) animals | (range) | mean| ation Range | mean| ation Range
German 33 92-128 335 §32  258-396 032 $0.03 0.26-0.35
Landrace
Piétrain 34 71-108 273 t 31 219-352 0.31 $0.03 0.26-0.39
German 49 98-130 319  +30  259-374 028 +0.03 0.21-0.37
Pasture pig
Mangalitza 21 61-96 213 +27 172253 027 +0.03 0.23-0.37
Dwarf pig 37 21-50 122 120 91-172 0.33 {0.05 0.26-0.52

* Modified from Riihl (1971)
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the values in table 1 are compared with those of table 2 it will be found that by using the body weight as
reference the relative heart weight is greater in the early maturing than in the later maturing breeds. On
the other hand, comparison of the absolute heart weight with the whole-body muscle weight indicates
that the late maturing breeds have a larger heart and one which is therefore capable of greater

performance. ;
Position of the heart

The craniocaudal limits of the heart extend from the 3rd to the 6th ribs. Its base is craniodorsally
directed and lies at about half the height of the thoracic cavity. The right ventricular border follows the
contour of the sternum at a little distance from it, while the left ventricular border runs parallel to the
cranial border of the sixth rib. The apex of the heart reaches the region of the sixth costal cartilage on the
left side. The major part of the heart is embedded in the cardiac impression of both lungs. The incisura
cardiaca of the left lung leaves a fairly large area of the left surface of the heart uncovered and in
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Fig. 35

Fig. 36

Fig. 35. Facies auricularis of the heart of the pig. (After Rickert, Diss. med. vet., Hanover, 1955.)

a auricula dext.; b auricula sin.; ¢ margo ventricularis dext.; d margo ventricularis sin.; e ventriculus dext.; f ventriculus sin.; g sulcus interventricularis
paraconalis; b conus arteriosus;  sulcus coronarius, pars sin.; k apex cordis; / incisura apicis
1 arcus aortae; 2 a. subclavia sin.; 3 a. brachiocephalica; 4 truncus pulmonalis; 5 a. pulmonalis sin.; 6 v. azygos sin.; 7 left pulmonary vein; 8 v. cava cran.; 9
a. coronaria sin., 10 its r. circumflexus, 77 its r. interventricularis paraconalis; 12 r. collateralis prox.; 13 r. collateralis dist.; 74 a. coni arteriosi of the.a.
coronaria sin.; 15 r. prox. ventriculi sin.; 76 r. prox. atrii sin., 16 its branch to the base of the auricle, 76" its branch to the wall of the left atrium; 17 r.
intermed. atrii sin.; 18 a. coni arteriosi of the a. coronaria dext.; 19 r. prox. ventriculi dext., 20, 21 v. cordis magna, 20 its r. circumflexus, 21 its r.
interventricularis paraconalis; 21', 21" terminal branches of the r. interventricularis paraconalis; 22 v. ventriculi sin.; 23 collateral branch of the v. cordis
magna accompanying the r. interventricularis paraconalis; 24 v. coni arteriosi; 25 r. ventricularis dext. of the v. semicircumflexa dext.

Fig. 36. Facies atrialis of the heart of the pig. (After Rickert, Diss. med. vet., Hanover, 1955.)

a atrium sin.; b atrium dext.; ¢ sinus venarum cavarum; d sinus coronarius; e ventriculus sin.; f ventriculus dext.; g margo ventricularis sin.; b margo
ventricularis dext.; i sulcus interventricularis subsinuosus; k£ sulcus coronarius, pars dext.; [ sulcus coronarius, pars sin.; m apex cordis; # incisura apicis

1 arcus aortae; 2 right, 3 left pulmonary artery; 4, 4, 4 right pulmonary veins; 5 a left pulmonary vein; 6 v. cava caud.; 7 v. cava cran.; 8 v. azygos sin.; 9 r.

circumflexus of the a. coronaria sin.; 10 r. marginis ventricularis sin.; 77 r. ventricularis sin. dist.; 12 r. intermed. atrii sin.; 13 r. dist. atrii sin.; 74, 15 a.

coronaria dext., 14 its r. circumflexus, 15 its r. interventricularis subsinuosus; 16, 16 r. marginis ventricularis dext.; 17 r. dist. ventriculi dext.; 18 r.

ventriculi sin.; 19 r. intermed. atrii dext.; 20 r. dist. atrii dext.; 27 v. cordis media, 21', 21" its terminal branches, 22 its r. dist. ventriculi dext.; 23 r.

circumflexus of the v. cordis magna, 24 its r. dist. ventriculi sin., 25 its r. marginis ventricularis sin.; 26 v. marginis ventricularis dext.; 27 v. semicircumflexa
dext., 28 its r. prox. ventriculi dext.
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Table 2 *
Proportion of meat Heart weight
in kg relative to
meat weight in %
Breed No. arith- arith- '
of metic metic
animals mean range mean range
German Landrace 29 18.23 16.06-20.27 1.84 1.5-2.1
Piétrain 32 17.71 15.13-19.62 1.55 1.2-1.8
German pasture pig 48 15.70 12.98-19.14 2.04 1.4-2.5
Mangalitza 21 10.61 8.76-14.73 2.02 1.3-2.8
Dwarf Pig 37 5.07 3.34- 6.28 2.41 1.8-3.0

* Modified from Riihl (1971)

Weight and dimensions of heart of a pig with a body weight of 73.2 kg are given here as a general example. Abso-
lute heart weight 249.5 g; height of interventricular septum 79.0 mm; height of left ventricle 79.0 mm; height of right
ventricle 57.9 mm; thickness of the wall (measured immediately below the atrioventricular orifice) left 20.5 mm, right
10.9 mm; sagittal diameter at the base of the heart 78.4 mm; transverse diameter 62.2 mm.**

apposition to the thoracic wall but the minor incision of the right lung exposes only a small part of the
heart surface (cf. Vol II, figs 383 and 384). The caput longum of the m. triceps brachii, the caudal border
of which runs as the linea anconaea from the 5th costovertebral joint to the 6th costal cartilage,
completely covers the lateral thoracic wall in the region of the heart. However, by pulling the forelimb
forward the heart can be made accessible for clinical examination. Examination of the heart in pigs
presents considerable difficulties because of the animals excitable reaction to restraint.

Under favourable conditions the apex beat is palpable in the 3rd and 4th intercostal spaces but only
faintly so. An indistinct relative cardiac dullness can be elicited by percussion in the left ventral region of
the 2nd to 5th intercostal spaces of thin animals.

The left ventricular heart sound can be auscultated in the 4th intercostal space and the right ventricular
sound in the 3rd intercostal spaces on the right side (first or muscular sound). The pulmonary sound can
be heard on the left side in the 2nd intercostal space and the aortic sound in the 3rd intercostal space
(second valvular sound).

Blood vessels of the heart
(34-36)

Arteries

The a coronaria sin. (34/1; 35/9) arises from the sinus bulbi aortae which belongs to the left semilunar
valve. Between the pulmonary trunk and the left auricle it reaches the interventricular paraconal groove
in which one of its main branches, the r. interventricularis paraconalis, proceeds to the apex of the heart.
Its second main branch, ther. circumflexus (sin.), is covered by the left auricle as it follows the pars sin.
of the coronary groove to reach the facies subsinuosa of the heart where it divides into several small
ramifications.

The interventricular paraconal branch (34/2; 35/11) gives off numerous innominate branches to the
wall of the right ventricle and it also gives off the . coni arteriosi (35/14) to the conus arteriosus. The wall
of the left ventricle receives, in addition to some smaller vessels, two larger branches the r. collateralis

** After Stiinze et al. (1959).
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prox. (/12) and ther. collateralis dist. (/13). Furthermore, there are many small vessels which supply that
part of the interventricular septum which lies next to the left longitudinal groove, while the central part_
of the septum is vascularized by the r. septi interventricularis.

The left circumflex branch (34/3; 35/10; 36/9), originates from the left coronary artery, and then, as
its first off-shoot, gives rise to the r. prox. ventriculi sin. (34/4; 35/15) which supplies the left ventricular
wall. Next the r. marginis ventricularis sin. (36/10) to the caudal border of the heart is given off and this
is followed by the r. dist. ventriculi sin. (34/6; 36/11) which conveys blood to the wall of the left
ventricle between the interventricular subsinuosal groove and the left ventricular border.

The left circumflex branch is also responsible for supplying the wall of the left atrium which it does via
the rr. prox. (34/7), intermed. (35/17) et dist. (36/13) atrii sin.

The a. coronaria dext. (34/8,9; 36/14, 15) originates from the sinus bulbi aortae of the right semilunar
valve and its 7. circumflexus (dext.) (36/14) follows firstly the pars dext. of the coronary groove and
then, as the subsinuosal interventricular groove (36/15), the sulcus interventricularis subsinnosus to the
apex of the heart. Thus in the pig we have the so-called bilateral coronary type (26). The first branch of
the right circumflex branch to the right ventricular wall is the r. con: arteriosi (34/10; 35/18). then follow
the r. prox. ventriculi dext, (34/11; 35/19), the r. marginis ventricularis dext. (34/12; 36/16) and the
r. dist. ventriculi dext. (34/13; 36/17).

Small branches, including the rr. prox. (34/15), intermed. (36/19) et dist. (/20) atrii dext., supply the
wall of the right atrium. '

The interventricular subsinuous branch (34/9; 36/15) of the right coronary artery supplies, via
numerous smaller branches, the septum and those parts of the right and left ventricular wall which lie
near the longitudinal groove. Also participating in the supply of the interventricular septum is the
stouter r. ventriculi sin. (36/18) which runs below the coronary sinus.

Veins

The tubular sinus coronarius (36/d) measures about 2-3 cm in length and is the rudiment of the right
sinus horn of the embryonic heart. Its orifice in the right atrium carries the valvula sinus coronarii and
lies below the ostium venae cavae cand. The sinus lies on the atrial surface in the coronary groove and
continues without any demarcation into the v. azygos sin. (36/8) which ascend the left atrium. Its first
large branch is the v. cordis media s. v. interventricularis subsinuosa (34/16; 36/21). In the
interventricular subsinuosal groove this vein accompanies the interventricular subsinuosal artery which
is a branch of the right coronary artery. In the lower third of the longitudinal groove this medial cardiac
vein divides into two vessels of equal calibre (36/21', 21"). Before reaching the apex of the heart, one of
these branches curves round the left ventricular border and the other curves round the right ventricular
border, so that they reach the facies auricularis where they anastomose with corresponding branches of
the great coronary vein. Numerous unnamed branches of the middle cardiac vein drain blood from the
neighbouring areas of the ventricular walls and the interventricular septum. A more substantial tributary
of this middle cardiac vein is the v. dist. ventriculi dext. (36/22).

The v. cordis magna (great coronary vein) (34/18; 35/20; 36/23) arises from the coronary sinus at its
point of transition to the left azygos vein (36/8). The great coronary vein continues as the r. circumflexus
(sin), corvered by the left auricle, in the coronary groove and then enters the interventricular paraconal
groove where it is known as the r. descendens paraconalis (35/20, 21). In addition to small vessels to the
wall of the left ventricle, the left circumflex branch gives off the r. dist. ventriculi sin. (36/24), the r.
marginis ventricularis sin. (/25) and the r. prox. ventriculi sin. (35/22) which are the accompanying veins
of similarly named arteries that issue from the circumflex branch of the left coronary artery.

The r. interventricularis paraconalis of the great coronary vein (35/21) gives off a branch (/23) which
runs first at an acute angle and then parallel to it. Within the longitudinal groove the interventricular
paraconal ramus gives rise to several smaller branches which supply the right and left ventricular wall
and it then divides into two stout limbs (/21', 21") which, as already mentioned, anastomose with the
terminal branches of the middle cardiac vein.

The v. marginis ventricularis dext. (34/12; 36/26) and the stout v. semicircumflexa dext. (34/20;
36/27) spring directly from the right atrium. The latter vein acts as a collecting vessel for the r. prox.
ventriculi dext. (35/25; 36/28), the v. coni arteriosi (34/10; 35/24) and the r. prox. atrii dext. (34/21).

The vv. cordis minimae measure only a few millimeters and they carry blood from the myocardium of
the atria and ventricles directly into the interior of the heart. They are most numerous in the wall of the
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right atrium, less occur in the left atrium and the right ventricle, and finally they are least common in the
left ventricle.

Heart of the ox
(6, 37-40)

In the diastolic state the heart of the ox has the form of an even, squat cone but in systole it becomes
more pointed with a slightly concave margo wventricularis sin. It carries a shallow third longitudinal
groove, the sulcus intermedius (intermediate or caudal groove), which runs along the left ventricular
border but does not reach the apex of the heart. Another striking species characteristic is seen in the
auricles; their sharp borders extend far beyond the base of the ventricles and they are so notched and
serrated (38/B) that they resemble a cock’s comb.

Fig. 37. Base of a bovine heart after removal of the atria. (After
Hegazi, Diss. med. vet., Giessen, 1958.)

a, b, ¢ valva aortae (2 valvula semilunaris sin., b valvula semiluna-
ris dext., ¢ valvula semilunaris septalis); d, e, f valva trunci
pulmonalis (d valvula semilunaris sin., e valvula semilunaris
dext., f valvula semilunaris intermed.); g, b valva atrioventricula-
ris sin. s. bicuspidalis (g cuspis septalis, b cuspis parietalis); s, &, [
valva atrioventricularis dext. s. tricuspidalis (; cuspis septalis, k&
cuspis parietalis, [ cuspis angularis); m septum interatriale; »
conus arteriosus; o margo ventricularis dext.; p margo ventricula-
ris sin.; ¢ sulcus interventricularis paraconalis; r sulcus interven-
tricularis subsinuosus

1 a. coronaria sin., 2 its r. interventricularis paraconalis, 3, 3 its r.
circumflexus (sin.); 4 r. and v. prox. ventriculi sin.; 5 r. and v.
marginis ventricularis sin.; 6 r. and v. dist. ventriculi sin.; 7 r.
Prox. atrii sin.; & a. coronaria dext., 8’ its r. circumflexus (dext.);
9 v. coni arteriosi; 10 a. coni arteriosi with its collateral vein; 17 r.
and v. prox. ventriculi dext.; 12 r. and v. marginis ventricularis
dext.; 13 r. dist. ventriculi dext.; 14 r. prox. atrii dext.; 15 orifice
of the sinus coronarius; /6 sinus coronarius; 7 termination of
the v. azygos sin. in the sinus coronarius; 18 v. cordis caud.; 19 v.
cordis magna; 20 r. interventricularis paraconalis of the v. cordis
magna; 21 v. cordis media s. interventricularis subsinuosa; 22 v.
dist. ventriculi dext.; 23 r. intermed. atrii sin.; 24 r. dist. atrii sin.

Accumulations of adipose tissue are remarkably abundant in certain parts of the heart and they can
amount to up to 24 % of the weight of the heart muscle. This adipose tissue is yellowish white and in the
cold state of a tallow-like firmness and slightly brittle consistency. It completely fills the entire length
and depth of the coronary groove, extending below the auricles so that the conus arteriosus is enclosed
in a extensive cushion. An isolated strip-like complex of adipose tissue covers the roof of the right
atrium at the insertion of the pericardium. The adipose tissue follows the large blood vessels so that it
fills the three longitudinal grooves. Even the smaller blood vessels are accompanied by similar tissue and
on other parts of the heart’s surface one can also find thin layers of fat tissue. Since this adipose tissue is
not removed to any extent even in thin ruminats, it must be considered as comprising what has been
referred to as structural fat which is associated with the function of the heart. It fills up all the
incongruities of the heart’s surface and smooths over the borders between the atria and between their
auricles and the base of the ventricles. Another peculiarity of this species is the frequent presence of
subendocardial adipose tissue, especially in the region of the papillary muscles and also at other sites on
the inner wall of the heart.
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Fig. 39. Arteries and veins of the atrial surface of the ox heart. (After
Hegazi, Diss. med. vet., Giessen, 1958.)

A atrium dext., B, B atrium sin.; C margo ventricularis dext.; D
margo ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G
sulcus intérventricularis subsinuosus; H sinus venarum cavarum; J
sulcus coronarius dext.; K apex cordis; L incisura apicis
4 arcus aortae; b truncus brachiocephalicus communis; ¢ branches of
the a. pulmonalis; d vv. pulmonales; e v. azygos sin.; f v. cava caud.; g
v. cava cran.; b v. costocervicalis
1 r. circumflexus sin. of the a. coronaria sin., 2 its r. interventricularis
subsinuosus with its branches to the right ventricle; 3 terminal
branches of the r. interventricularis paraconalis of the a. coronaria sin.
and the v. cordis magna; 4 r. dist. ventriculi sin.; 5 r. intermed. atrii
sin.; 6 r. dist. atrii sin.; 7 r. ventriculi dext. of the a. coronaria sin.; 8 r.
circumflexus of the a. coronaria dext., 9 its r. marginis ventricularis
dext., 10 its r. and v. dist. ventriculi dext., 11 its r. intermed. atrii
dext., 12 its r. dist. atrii dext.; 13 sinus coronarius; 14 v. cordis media
with its branches to the two ventricles, 15 its r. dist. ventriculi sin.; 16
v. cordis magna; 17, 17 v. cordis caud., 18, 18 its r. dist. ventriculi
sin.; 19 terminal branches of the v. cordis caud. and the r. collateralis
prox. of the a. coronaria sin.

Fig. 38. Arteries and veins on the facies auricularis of an ox heart.
(After Hegazi. Diss. med. vet., Giessen, 1958.)

A aurjcula dext.; B auricula sin.; C margo ventricularis dext.; D margo
ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus
interventricularis paraconalis; H conus arteriosus; J sulcus coronarius,
pars sin.; K apex cordis; L incisura apicis
a arcus aortae; b truncus brachiocephalicus communis; ¢ truncus
pulmonalis; d lig. arteriosum (Botalli); e v. azygos sin.; f left pulmo-
nary vein; g v. cava cran.; b v. costocervicalis
1 a. coronaria sin., 2, 2 its r. interventricularis paraconalis with
branches to both ventricles, 3 its r. circumflexus (sin.); 4 r. and v.
prox. ventriculi sin.; 5 r. and v. marginis ventricularis sin.; 6 a. and v.
coni arteriosi; 7 r. and v. collateralis prox.; 8 r. and v. collateralis dist.;
9 a. and v. coni arteriosi; 10 r. and v. prox. ventriculi dext.; 11 v.
cordis magna, 12 its r. interventricularis paraconalis with branches to
both ventricles; 13 v. cordis caud. with its branches to the left
ventricle; 14 r. septi interventricularis of the v. cordis magna
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Internal structure of the ventricles

Both ventricles have certain distinctive features but these are only useful in identifying the species to a
limited degree.

The outer wall of the right ventricle carries numerous stout trabeculae carneae in the inflow region,
that is to say, below the right atrioventricular orifice. In the region of the outflow tract, which extends
into the conus arteriosus, the outer wall is smooth. The septum and almost the entire left ventricle are
also smooth walled.

The two papillary muscles of the left ventricle are considerably thicker than those of the right
ventricle.

The m. papillaris subauricularis appears as a column on the outer wall of the left ventricle. The
presence of a deep longitudinal groove clearly divides it into two parts each of which terminates at the
ostial end in a prominent papilla from which chordae tendineae extend to the membranous valves. The
m. papillaris subatrialis, which is more distally situated, also presents as a muscular column which is
fused to the outer wall and carries several monticules for the insertion of tendinous chords. The thin
mm. transversi form a wide-meshed network between the septum and the base of the papillary musle.
Furthermore there are other, irregularly arranged but also thin, transverse muscles (moderator bands)
which connect the septum with the outer wall.

Of the three papillary muscles of the right ventricle, the m. papillaris magnus is situated on the outer
wall while the mm. papillares parvi and the m. papillaris subarteriosus arise from the septum.

The base of the great papillary muscle consists of several trabeculae carneae and this muscle also bears
several protuberances. It is either broadly fused to the outer wall or rises from it in the form of a
multinodular cupola. Its tendinous chords go to the cuspis parietalis and angularis. The small papillary
muscles are situated on the septum where the latter meets the subsinuous part of the outer wall of the
right ventricle in an acute angle. They each have a uniform base which carries two or three free-standing
wart-like processes and give rise to the chordae tendineae stretching to the septal and parietal cusps. The
subarterial papillary muscle arises from the septum
as a low swelling and extends to below the crista
supraventricularis where it gives rise to double
rows of tendinous chords running to the septal
and angular cusps.

The trabecula septomarginalis (moderator
band) of the right ventricle is a thick strand,
circular in cross-section and up to one centimeter
in diameter. It arises from the base of the sub-
arterial papillary muscle and, pointing towards
the apex, crosses the ventricle and is inserted into
the outer wall by several branches. There are no
other transverse muscles in the right ventricle.

Fig. 40. Arterial supply of the interventricular septum of the ox heart,
right side. (After Hegazi, Diss. med. vet., Giessen, 1958.)

A atrium dext.; B right auricle; C m. papillaris subarteriosus; D, Dseptum
interventriculare; E apex cordis; F mm. papillares parvi

a arcus aortae; b v. cava caud.; ¢ v, cava cran.

1 r. circumflexus of the a. coronaria sin.; 2 r. interventricularis subsinuosus
of the a. coronaria sin.; 3r. interventricularis paraconalis of the a. coronaria
sin.; 4, 4 branches of the r. interventricularis subsinuosus to the septum and
papillary muscles; 5 r. septi interventricularis of the r. interventricularis
paraconalis with its branches to the septum and papillary muscles; 6 a. coni
arteriosi of the a. coronaria sin.; 7 r. ventriculi dext. of the a. coronaria sin.
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Size and weight of the heart

As may be seen from the following table, the ox has a small heart, both in absolute and relative
weights, when compared with other species but this accords with its style of life.

Size and weight of the heart of the ox *

Circum-

ference

Age Body Length in cm of the
Sex in weight Heart weight of the margo heart
years in kg in kg Diameter in cm ventricularis at the

coronary

absolute | relative | sagittal | trans- | dext. sin. groove

verse in cm
female 8 648.6 240 037 % 17.2 15.0 22.0 20.5 47.4
female 31, 601.5 2.34 0389 % 15.0 12.0 22.0 18.0 51.0
female 4 480.0 240 05 % 17.1 14.0 21.2 21.6 50.2
female 7 462.0 231 05 % 154 13.0 21.1 17.2 48.5
female 3 442.5 2.18 0493 % 17.0 14.0 21.0 21.0 53.0
female 3 419.0 2.2 0.518 % 15.0 13.0 21.0 20.0 44.0
female 6 416.6 2.17 048 % 15.0 13.0 18.0 16.2 50.3
female 5 383.3 230 06 % 15.0 13.0 22.0 19.0 52.0
female 8 330.3 2.16 0.654 % 17.3 12.0 25.0 20.8 49.9
female 7 326.6 1.95 0.597 % 15.2 12.0 21.0 17.0 42.5
female 4 319.0 220 0.689 % 13.2 10.7 18.0 15.8 42.2
bull 5 776.6 333 0.428% 17.4 14.0 21.1 21.0 47.4
bull 5 485.4 2.16 0.445 % 13.9 13.0° 21.8 19.2 51.8
bullock 5 705.9 340 0.441 % 153 12.5 19.8 21.0 46.3
bullock 7 575.0 230 040 % 18.4 12.0 24.0 20.4 47.0
calf Y12 79.0 069 087 % 9.0 8.0 12.4 11.3 31.2
calf /12 153.3 0.70 045 % 9.2 8.7 12.5 11.2 31.7

* After Schubert (1909)

Position of the heart

(6)

In the craniocaudal direction the heart extends from the 3rd to the 5th or 6th ribs. Its long axis is
relatively steep. The base of the heart is craniodorsally directed and reaches to about half the height of
the thoracic cavity; the apex lies a few centimeters from the sternum in the region of the 5th left
costochondral junction. The slightly concave border to the left ventricle lies a short distance from the
diaphragm and follows the contour of the cranially arched cupola of this structure. Five sevenths of the
heart lies to the left of the median plane and it is in contact with the left thoracic wall between the 4th
and 5th intercostal spaces. The lightly curved contour of the ventral border of the double cranial lobe of
the left lung leaves a considerable part of the left cardiac surface uncovered whereas the right surface of
the heart, which is placed some distance from the thoracic wall, is covered to a greater extent by the
cranial and medial lobes of the right lung. In the ox the caudal border of the relatively small long head of
the triceps brachii muscle (linea anconaea) follows the 5th intercostal space. (cf. vol. II. Figs 207, 208,
351, 352, 398 and 399).

The apex beat in the ox is most distinctly palpable on the left side in the 4th intercostal space. It can
also be felt on the right side in the same area but less clearly. In heavy, well nourished animals the apex
beat is less distinct.

The area of relative cardiac dullness lies on the left side in the 3rd to 4th intercostal space but its limits
are indistinct even in lean animals. The left ventricular and aortic sounds are most clearly audible in the
4th intercostal space, the pulmonary sound being most clearly detected in the 3rd intercostal space. The
right ventricular sound is audible in the 3rd intercostal space.
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Heart of the sheep and goat
(20, 41-45)

The heart of the sheep is in the form of a blunt cone and resembles in shape that of the ox (41; 42). The
goat’s heart, on the other hand, has the form of a pointed cone (43; 44). Both species have a less distinct
intermediate groove on the left ventricular border, a feature characteristic of the ruminant heart. The
edges of both auricles are serrated and the description given above of the colour, consistency and
distribution of subepicardial adipose tissue of the ox heart applies equally to the small ruminants.

Internal structure of the ventricles (sheep)

In the sheep both papillary muscles of the outer wall of the left ventricle are stout. The subauricular
papillary muscle has a cylindrical shape and two apices. The subarterial papillary muscle is better
developed than the preceding and invariably has a double-pointed cupola.

Two of the papillary muscles of the right ventricle are situated on the septum and the third is placed
on the outer wall. The latter is the m. papillaris magnus (20/c) and usually has a three-pointed apex. The
m. papillaris subarteriosus (/e) is the smallest and appears as a protrusion the size of a pea on the septum.
The mm. papillares parvi (/d) vary in shape. They consist of a united group which usually carries two
distinctly separated papillae.

The papillary muscles of the goat are similar.

According to Schréder (1922), the absolute heart weight of rams is 241 g, of castrated males 220 g and
of ewes 232 g. The corresponding figures for the relative heart weights are 0.51%, 0.46% and 0.49 %.

The positions of the heart in the sheep and goat correspond closely to that recorded for the ox (cf.
Vol. II, Figs 236, 237) and the topographical data for clinical examination of the heart of the ox are

similarly applicable.

Blood vessels of the hearts of ruminants
(37-45)

The cardiac blood vessels of the ox, sheep and goat are similar not only in respect of their origin and
course but also in that they supply the same regions of the heart. In all three species the left coronary
artery supplies a far greater proportion of the organ than does the right coronary artery and they are
thus all of left coronary type (25). In order to avoid repetition when describing the cardiac vascular
pattern of the three domestic ruminants, the following account is confined to the ox but, with the aid of
the illustrations and corresponding legends, the data presented for the ox can be applied without
difficulty to the sheep and goat. Differences in the course of the vessels, especially smaller vessels, in the
heart of sheep and goats, which may be of some significance for identification of the species, are shown
in the appropriate illustrations.

Arteries of the heart of the ox
(37-40)

The a. coronaria sin. (37/1; 38/1) arises from the left sinus of the aortic bulbus. Its short trunk is
situated between the truncus pulmonalis and the left auricle and divides into the interventricular
paraconal and the left circumflex branches which are of approximately equal diameter.

The r. interventricularis paraconalis (37/2; 38/2) runs in the sulcus of the same name to the incisura
apicis where its branches anastomose with those of the terminal ramifications of the r. interventricularis
subsinuosus. In addition to small branches to the left and right ventricular musculature in the vicinity of
the longitudinal grooves, the interventricular paraconal branch gives off the r. coni arteriosi (38/6), to
the conus arteriosus of the right ventricle, and the rr. collaterales prox. et dist. (38/7, 8) to the auricular
face and the border of the left ventricle where it anastomoses with branches of the r. interventricularis
subsinuosus. The interventricular paraconal branch also provides a stout ramus, the r. septi interventri-
cularis (40/5), and numerous smaller vessels for the vascularization of the interventricular septum.
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Fig. 41.  Arteries and veins of the auricular surface of the sheep heart.
(After Hegazi, Diss. med. vet., Giessen, 1958.)

A right auricle; B left auricle; C margo ventricularis dext.; D margo
ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus
interventricularis paraconalis; H conus arteriosus; J sulcus coronarius,
pars sin.; K apex cordis; L incisura apicis
a arcus aortae; b truncus brachiocephalicus communis; ¢ truncus
pulmonalis; d lig. arteriosum (Botalli); e v. azygos sin.; f vv. pulmona-
les sinn.; g v. cava cran.; b v. costocervicalis
1 a. coronaria sin., 2 its r. descendens paraconalis with branches to
both ventricles, 3 its r. circumflexus (sin.); 4 r. and v. prox. ventriculi
sin.; 5 r. marginis ventricularis sin.; 6 a. and v. coni arteriosi; 7 r. and
v. collateralis prox.; 8 r. and v. collateralis dist.; 9 a. coni arteriosi; 10
r. and v. prox. ventriculi dext.; 71 v. cordis magna, 12 its r.
interventricularis paraconalis with branches to both ventricles; 13 v.
cordis caud. with branches to the left ventricle

The r. circumflexus (sin.) (37/3; 38/3; 39/1)
of the left coronary artery courses in the left
part of the coronary groove to reach the inter-
ventricular subsinuosal groove. It sends the 7.
interventricularis subsinuosus (39/2) into the
latter groove and this extends to the apex of the
heart. The circumflex branch also supplies the
wall of the left ventricle with several small and
three larger arteries, the latter being the 7.
prox. ventriculi sin. (37/4; 38/4), the r. mar-
ginis ventricularis sin. (37/5; 38/5) and the r.
dist. ventriculi sin. (37/6; 39/4). From the left
circumflex branch the wall of the left atrium
receives the rr. prox. (37/7), intermed. (39/5)
and dist. (39/6) atrii sin.

Fig. 42. Arteries and veins of the atrial surface of the sheep heart.
(After Hegazi, Diss. med. vet., Giessen, 1958.)

A atrium dext.; B, B atrium sin.; C margo ventricularis dext.; D
margo ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G
sulcus interventricularis subsinuosus; H sinus venarum cavarum; J
sulcus coronarius dext.; K apex cordis; L incisura apicis
a arcus aortae; b, b, b truncus brachiocephalicus communis; ¢
branches of the a. pulmonalis; d, d vv. pulmonales; e. v. azygos sin.; f
v. cava caud.; g v. cava cran.; b v. costocervicalis
1 r. circumflexus sin. of the a. coronaria sin.; 2 r. interventricularis
subsinuosus of the a. coronaria sin. with its branches to the right
ventricle; 3 terminal branch of the r. interventricularis paraconalis of
the a. coronaria sin.; 4 r. dist. ventriculi sin.; 5 r. dist. atrii sin.; 6 r.
ventriculi dext.; 7 r. circumflexus of the a. coronaria dext.; 8 its r.
marginis ventricularis dext.; 9 its r. and v. dist. ventriculi dext.; 10 its
r. intermed. atrii dext., 77 its r. dist. atrii dext.; 72 sinus coronarius; 13
v. cordis media s. v. interventricularis subsinuosa with its branches to
both ventricles, 14 its r. dist. ventriculi sin.; 75 v. cordis magna; 16 v.
cordis caud.; 17 vena dist. ventriculi sin.




60 Arteries of the ox’s heart

The r. interventricularis subsinnosus (39/2) is the immediate continuation of the left circumflex ramus
of the left coronary artery and it vascularizes, by means of branches of varying diameter, the
interventricular septum (40/4) and those parts of the left and right ventricular wall which are situated
next to the longitudinal groove. It also gives off the r. ventriculi dext. (39/7) which has subsidiaries
supplying the septum of the atria and running to the ventricles. The anastomoses between the terminal
branches of the two interventricular arteries in the region of the incisura apicis have already been
mentioned.

The a. coronaria dext. (37/8; 39/8) is a considerably smaller vessel than its left counterpart. It arises
from the sinus of the right semilunar valve of the bulbus aortae and enters the right part of the coronary
groove to attain the atrial surface of the right ventricle where its terminal branches anastomose with
those of the r. ventriculi dext. and the r. interventricularis subsinuosus of the left coronary artery. From

Fig. 43. The base of the goat’s heart from which the atria have been
removed. (After Hegazi, Diss. med. vet., Giessen, 1958.)

a, b, c valva aortae (a valvula semilunaris sin., & valvula semilunaris
dext., ¢ valvula semilunaris septalis); d, e, f valva trunci pulmonalis (4
valvula semilunaris sin., e valvula semilunaris dext., f valvula semilu-
naris intermed.); g, b valva atrioventricularis sin. s. bicuspidalis (g
cuspis septalis, b cuspis parietalis); i, k, [ valva atrioventricularis dext.
s. tricuspidalis (¢ cuspis septalis, k cuspis parietalis, / cuspis angularis);
m septum interatriale; # conus arteriosus; o margo ventricularis dext.;
p margo ventricularis sin.; ¢ sulcus interventricularis paraconalis; r
sulcus interventricularis subsinuosus

1 a. coronaria sin., 2 its r. interventricularis paraconalis, 3, 3 its r.
circumflexus (sin.); 4 r. and v. prox. ventriculi sin.; 5 common stem of
the r. marginis ventricularis sin. and of the r. dist. ventriculi sin.; 6 r.
dist. atrii sin.; 7 r. ventricularis dext.; 8 r. prox. atrii sin.; 9 a.
coronaria dext.; 10 a. and v. coni arteriosi; 17 r. and v. prox. ventriculi
dext.; 12 r. circumflexus of the a. coronaria dext. and the v. marginis
ventricularis dext.; 13 r. intermed. atrii dext.; 14 r. prox. atrii dext.; 15
orifice of the sinus coronarius; 16 sinus coronarius; 17 entry of the v.
azygos sin. into the sinus coronarius; 18 v. cordis caud.; 79 v. cordis
magna, 20 its r. interventricularis paraconalis; 21 v. cordis media s. v.
interventricularis subsinuosa; 22 v. dist. ventriculi dext.

it spring small vessels by which it supplies the wall of the right atrium and it also sends larger branches to
the right ventricle in the region of the coronary groove. The first of these large branches, the r. coni
arteriosi (37/10; 38/9), anastomoses in the region of the conus arteriosus with branches of a similarly
named artery deriving from the left coronary artery. The second offshoot from the right coronary
artery, the v. prox. ventriculi dext. (37/11; 38/10), attains the atrial surface of the right ventricle, where
it forks into two vessels which anastomose with branches of the r. interventricularis paraconalis of the
left coronary artery. The r. marginis ventricularis dext (37/12; 39/9) is given off next and it descends
towards the apex on that border of the heart; its branches anastomose with those of the rr.
interventriculares paraconalis et subsinuosus of the left coronary artery. The fourth of these larger
branches of the right coronary artery is the r. dist. ventriculi dext. (37/13;39/10). Together with the last
two arteries it participates in the supply of the right ventricular wall. The wall of the right atrium is
supplied by the three smaller vessels, the rr. prox., intermed. and dist. atrii dext. which arise either from
the right coronary artery or its circumflex ramus.

The subauricular papillary muscle of the left ventricle receives branches from the r. collateralis prox.
of the interventricular paraconal ramus and the rr. proxx. et distt. ventriculi sin. from the circumflex
branch of the left coronary artery. The subatrial papillary muscle is supplied by arteries from the
interventricular paraconal and the interventricular subsinuosal branches as well as by vessels from the r.
marginis ventricularis sin. of the circumflex branch of the left coronary artery.
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Veins of the heart of the ox

The sinus coronarius (37/16; 39/13) is a collecting chamber preceeding the right atrium and it receives
blood from the v. cordis magna, the v. cordis media and the v. marginis ventriculi sin. , the latter being a
vessel which is peculiar to the ruminants. In ruminants, as in pigs, it also receives blood from the .
azygos sin. The coronary sinus of the ox is about 5 ¢m in length and its lumen is about 2 ¢m in diameter.
It opens into the right atrium at the ostium v. cavae cand. which is provided with a valve.

The first large vein arising from the coronary sinus is the v. cordis media s. v. interventricularis
subsinuosa (37/21; 39/14) which, together with the interventricular subsinuosal branch of the left
coronary artery, follows the similarly named groove to the apex of the heart. There it divides and
ultimately anastomoses with branches of the great coronary vein or the v. marginis ventricularis sin. It
receives its blood from veins which drain the same region as that supplied by the arterial r.
interventricularis subsinuosus. :

The v. cordis magna (37/19; 38/11; 39/16) is the direct continuation of the coronary sinus. It runs
first as the r. circumflexus in the left part of the coronary groove embedded in adipose tissue and covered
by the left auricle. It then reaches the interventricular paraconal groove which it enters and is then
known as the interventricular paraconal branch (37/20; 38/12), and accompanies the similarly named
branch of the left coronary artery to the incisura apicis. There it links with the branches of the middle
cardiac vein and forms the anastomoses mentioned above. From the area supplied by the circumflex and
interventricular paraconal branches of the left coronary artery, the great cardiac vein collects blood in
vessels of various sizes, the largest of them being named after the arteries which they accompany.

Of all domestic mammals, only ruminants have a v. marginis ventricularis sin. s. v. cordis cand.
(37/18; 38/13 39/17). It is the most slender of the three great cardiac veins and it arises from the terminal
portion of the coronary sinus, not far from the origin of the left azygos vein (39/¢). It crosses the r.
circumflexus of the left coronary artery and runs in the sulcus intermedius on the left ventricular border
to the apex of the heart. Its branches, together with those of the great and middle cardiac veins, drain
that part of the left ventricular wall which lies next to the sulcus intermedius.

The vv. cordis dextt. (parvae) spring directly from the right atrium and are responsible for draining
the wall of the right half of the heart. They are indicated in figure 37 by the numbers 9 to 12 and 22.

The vv. cordis minimae (Thebesii) measure only a few millimetres in length. They arise directly from
the myocardium and terminate in the corresponding chambers of the heart. They are numerous in both
atria and less common in the ventricles.

Heart of the horse

In systole the heart of the horse has the form of a blunt cone only slightly longer than the breadth of
its base. Its lateral surfaces, the facies atrialis and awuricularis, are slightly flattened. The subepicardial
adipose tissue is yellowish and its consistency is decidely soft because of its high content of unsaturated
fatty acids. This adipose tissue fills the coronary and longitudinal grooves and in primitive breeds of
horses, which are predisposed to fat deposition, it may extend well beyond these grooves.

Internal structure of the ventricles

The most typical of the three papillary muscles of the right ventricle is the m. papillaris magnus (10/f;
11/m) which is located on the outer wall. Its broad base is situated at the junction between the upper and
middle thirds of the outer wall and it projects freely into the ventricle. It carries several protuberances
from which tendinous chords go to the parietal and angular cusps. The m. papillaris subarteriosus (10/h;
12/k) has its broad base on the septum from which it projects only slightly as a flat swelling. Tendinous
chords arise from it in irregular pattern and extend to the septal and angular cusps. The mm. papillares
parvi (10/g; 11/1") arise from a broad base placed in that region of the septum which forms an acute angle
with the subsinuosal part of the outer wall of the right ventricle. Tendinous chords spring from several
wart-like excrescences and go to the septal and parietal cusps.

The trabecula septomarginalis (moderator band) (10/0; 11/p) of the right ventricle arises from the base
of the subarterial papillary muscle, crosses the lumen of the ventricle and disappears into the base of the
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The large papillary muscle of the right ventricle is supplied by branches of the r. prox. ventriculi dext.
and the r. marginis ventricularis dext. of ther. circumflexus (dext.) of the right coronary artery. Blood is
carried to the small papillary muscles by branches of the 7. septi interventricularis of the r.

interventricularis paraconalis (40/5).

Fig. 44.  Arteries and veins of the auricular surface of the heart of the
goat. (After Hegazi, Diss. med. vet., Giessen, 1958.)

A right auricle; B left auricle; C margo ventricularis dext.; D margo
ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus
interventricularis paraconalis; H conus arteriosus; J sulcus coronarius,
pars sin.; K apex cordis; L incisura apicis
a arcus aortac; b truncus brachiocephalicus communis; ¢ truncus
pulmonalis; d lig. arteriosum (Botalli); e v. azygos sin.; f, f vv.
pulmonales sin.; g v. cava cran.; b v. costocervicalis

1 a. coronaria sin., 2 its r. interventricularis paraconalis with branches

to both ventricles, 3 its r. circumflexus (sin.); 4 r. and v. prox.

ventriculi sin.; 5 r. marginis ventricularis sin.; 6 a. coni arteriosi; 7 r.

and v. collateralis prox.; 8 r. and v. collateralis dist.; 9 a. and v. coni

arteriosi; 10 r. prox. ventriculi dext.; 71 v. cordis magna, 12 its r.

interventricularis paraconalis with branches to both ventricles; 13 v.
cordis caud. with its branches to the left ventricle

Arteries and veins of the atrial surface of the heart of the goat. (After
Hegazi, Diss. med. vet., Giessen, 1958.)

Fig. 45.

A atrium dext.; B, B atrium sin., C margo ventricularis dext.; D margo
ventricularis sin.; E ventriculus dext.; F ventriculus sin.; G sulcus interventricu-
laris subsinuosus; H sinus venarum cavarum; J sulcus coronarius dext.; K apex
cordis; L incisura apicis
4 arcus aortae; b, b, b truncus brachiocephalicus communis; ¢ branches of the
truncus pulmonalis; d, d, d vv. pulmonales; e v. azygos sin.; f v. cava caud.; g v.
cava cran.; b v. costocervicalis

1 r. circumflexus of the a. coronaria sin.; 2 its r. interventricularis subsinuosus
with branches to the right ventricle; 3 terminal branches of the r. interventricula-
ris paraconalis of the a. coronaria sin. and the v. cordis magna; 4 r. dist.
ventriculi sin.; 5 r. marginis ventricularis sin.; 6 r. dist. atrii sin; 7 r.
ventricularis dext.; 8, 8 r. circumflexus (dext.) of the a. coronaria dext., 9 its r.
marginis ventricularis dext.; 10 r. and v. dist. ventriculi dext.; 17 r. intermed.
atrii dext.; 12 r. dist. atrii dext.; I3 sinus coronarius; 14 v. cordis media s.
interventricularis subsinuosa with its branches to the two ventricles, 15 its r.
dist. ventriculi sin.; 16 v. cordis magna; 17 v. cordis caud., 18 its r. dist.
ventriculi sin.; 79 terminal branches of the r. collateralis dist. of the a. coronaria
sin.
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great papillary muscle. Nearer the apex of the heart there are a variable number of thin transverse bands
(10/0"). »

The two papillary muscles of the outer wall of the left ventricle, the m. papillaris subauricularis (12/])
and the m. papillaris subatrialis (9/e; 11/0), are in the form of two massive muscular pillars which bulge
into the ventricle, especially during systole. Their distal limit lies far towards the apex of the heart and,
standing out from the wall, they run towards the base and reach about half the height of the ventricle.
Here they make contact with neighbouring trabeculae carneae and give off chordae tendineae to both
cusps. A number of delicate, branching mm. transversi cross the lumen of the ventricle to run between
the septum and the base of the two papillary muscles.

Size and weight of the heart

Breed differences in both the absolute and relative weights of the heart are particularly obvious in the
horse. The lowest relative heart weight is only 0.6% of the body weight and applies to heavy draft
horses which are characterised by massive body structure. In comparison with this, the relative heart
weight varies between 0.62 and 0.99% in the lighter breeds to the highest value of 1.04% in
thoroughbreds.

Weight and size of the heart of the horse, age groups between 4 and 14 years*

. Diameter of
Num- Live weight Absolute heart Relative heart | heart at base (cm)
Sex ber in kg weight in kg weight in % sagittal
range ] mean range I mean range \ mean range | mean
Gelding 42 190-480 375 1.36-3.82 2.98 0.62-0.94 0.78 13.5-21.0 18.1
Mare 62 250-510 324 1.784.18 2.79 0.63-0.99 078 15.0-21.0 16.2
Circumference of
Diameter of the heart below Height of the Maximum thickness
heart at base (cm) |  the coronary margo ventricularis (cm) of the heart
transverse groove (cm) dext. sin. wall in cm
range | mean| range | mean | range | mean | range ’ mean | left | right [ sep-
tum

8.5-15.0 12.7 38.0-58.0 51 19.0-27.0 22.4 16.0-24.0 21.1 3.19 1.8 4.6

10.5-14.5 12.9 42.0-59.0 50.3 19.0-29.0 23.0 17.0-25.0 20.0 3.1 1.9 4.8

* After Blum (1925)

In a short report from Hoppegarten dated 1909 to 1910, the average absolute heart weight was given
as 4.5 kg. This was based on seven thoroughbred horses housed at Hoppergarten which were
160-170 cm in height. The four year old racehorse “Faust”, out of “Festa”’, measured 168 cm and had a
heart weighing 5.75 kg.

This impressive value is dwarfed by the weight of a thoroughbred’s heart which has been kept since
1927 in the Institute of Veterinary Anatomy of the University of Giessen. It belonged to the stallion
“Fels” whose dam, like that of “Faust” was “Festa”. Fels was killed at 24 because of old age and his
formalin-preserved heart, empty of blood, weighs 8.9 kg.

Position of the heart

)

During diastole the cranial border of the heart extends up to the 2nd intercostal space while its caudal
border is overlaid by the 6th rib. During systole the right ventricular (cranial) border is displaced to the
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3rd intercostal space and the left ventricular (caudal) border to the 5th intercostal space. The axis of the
heart points steeply to the sternum and its base lies at the transition between the middle and ventral third
of the thoracic cavity. The apex of the heart is slightly deflected to the left and reaches the 6th to 7th
costal cartilage, but does not make contact with the sternum. The right ventricular border initially
follows the cranial border of the 3rd rib and then the internal contour of the sternum. The ventricular
border is covered by the 6th rib as it drops almost vertically towards the sternum. The linea anconaea
(caudal border of the long head of the triceps brachii muscle) leaves the caudal part of the left ventricle
uncovered. Three fifths of the heart lies to the left of the midline. Its facies anricularis is therefore in
direct contact with the left thoracic wall in the region of the 4th and 5th intercostal space and the 5th rib,
where the left lung leaves a gap, the cardiac notch. On the right side the facies subsinuosa of the heart
reaches the thoracic wall in the region of the 4th and 5th ribs (cf. vol. II. Figs 408 and 409).

As in the other domestic mammals, the foreleg of the horse has to be moved as far forward as possible
during clinical examination of the heart.

The apex beat can be detected on the left side in the middle third of the thorax between the 3rd and 6th
intercostal spaces and is most distinctly felt in the 5th space. On the right side it can be found in the
region of the 3rd and 4th intercostal spaces.

By means of percussion a region of absolute cardiac dullness can be elicited on the left side between
the 3rd and 5th intercostal spaces. This field is about equal in size to that of the palm of a hand and at the
4th intercostal space its upper border is in about the middle of the lower third of the chest. On the right
side this area of dullness is occupied by the right ventricle and lies in the region of the 3rd and 4th
intercostal spaces. These areas of absolute dullness merge gradually into a zone of relative dullness
where the heart is covered by lung. The extent of these areas of dull percussion sound depends on breed
differences, on heart size and on individual variation.

The most distinctly audible of all the heart sounds is that of the left ventricle which is best heard in the
4th and 5th intercostal spaces, that is to say, in the area of cardiac dullness. The right ventricular sound is
most distinct on the right side in the 4th and 5th intercostal spaces at about half the height of the lower
third of the thorax. The sound of the pulmonary valve is detected on the left side of the chest in the 3rd
intercostal space, above the fourth rib in the middle of the ventral third of the chest. The aortic valve
sound can be heard on the left in the 4th intercostal space.

Blood vessel
(46-49)

Arteries

The arterial supply to the equine heart is by the a. coronaria sin. and the a. coronaria dext. which
latter is much stouter in this species and supplies a greater proportion of the heart (bilateral coronary
type) (26).

The a. coronaria sin. (47/1) arises from the left sinus of the aortic bulbus. Between the pulmonary
trunk and the left auricle it reaches the left part of the coronary groove where it forks into the r.
interventricularis paraconalis and the r. circumflexus.

The ramus interventricularis paraconalis (47/2) is embedded in adipose tissue as it enters the
longitudinal groove of the same name. It reaches the incisura apicis and, running past this, the atrial
surface. It supplies those parts of the left ventricle, and to a less extent of the right ventricle, which are
adjacent to the longitudinal groove through sideshoots of varying sizes. Branches also go to the
interventricular septum (49/7). These shoots comprise seven or eight branches but in addition the
interventricular paraconal ramus gives off two larger vessels. The first of these is the r. collateralis sin.
prox. (47/8) which branches freely as it descends obliquely to the border of the left ventricle. The
second, known as the . collateralis sin. dist. (47/9), arises more distally but its branches also reach the
left ventricular border. The most prominent of the arteries supplying the right ventricular wall is the r.
coni arteriosi (/10) the name of which reflects its supply area.

The r. circumflexus (sin.) of the left coronary artery (46/3; 47/3) crosses the great coronary vein,
which will be discussed below, and follows the coronary groove until it reaches the left ventricular
border which it supplies through its terminal branches. In some cases its branches may also extend to the
atrial surface of the left heart. The left circumflex ramus provides five to seven arteries of varying sizes
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for the supply of blood to the left ventricle, left atrium and the interatrial septum. The first branch artery
of the left circumflex ramus is the r. angularis (47/4), followed by the stoutr. prox. ventriculi sin. (47/5)
and the . marginis ventricularis sin. (47/6). The r. prox. ventriculi sin. and its branches lie between the
other two rami.

The wall of the left atrium receives four to six branches from the left circumflex ramus. Two large
branches, ther. prox. and the r. intermed. atrii sin. (46/8,9), supply the major part of the wall of the left
atrium while two smaller twigs, the rr. auriculares dext. et sin. (/8', 8"), go to the wall of the left auricle.

The a. coronaria dext. (46/10) arises from the right cuspal sinus of the aortic bulbus and enters the
right part of the coronary sinus as ther. circumflexus (dext.) (47/11; 48/1; 49/1). As it reaches the sulcus
subsinuosus it becomes the r. interventricularis subsinuosus (46/15; 48/2; 49/2) which courses towards
the apex of the heart. Along the way and below the right auricle, the circumflex ramus gives off a
number of larger and smaller vessels to those parts of the right ventricle and atrium which lie next to the
coronary groove. The named branches to the right ventricle are the r. coni arteriosi (47/12), the r. prox.
ventriculi dext. (46/12; 47/13), the r. marginis ventricularis dext. (46/13; 48/3) and the r. dist. ventriculi
dext. (48/4). The first of these four branches of the right circumflex ramus supplies the wall of the conus
arteriosus and the bulbus aortae, the second and third the margo ventricularis dext. of the right ventricle
and the fourth is distributed to part of the atrial surface of the right ventricle.

The r. interventricularis subsinuosus of the right coronary artery rests, as already mentioned, in the
longitudinal groove of the same name without actually reaching the apex of the heart (48/2). By means
of up to seven small vessels it supplies those parts of the atrial surfaces of the right and left ventricles
which lie nearest the longitudinal groove. The rr. collaterales dextt. prox. et dist. (48/7, 8) are two
further branches of the interventricular subsinuosal ramus which supply the right ventricle. The two
larger vessels supply the right ventricular wall up to the margo ventricularis dext.

Two other large vessels arising from the same ramus play an important part in the arterial supply of
the left ventricular wall. The first of these is the r. coronarius sin. (48/9) which arises at the point where
the r. interventricularis subsinuosus itself branches from the circumflex ramus of the right coronary
artery. This large artery is peculiar to the horse in this form. It runs in the right part of the coronary
groove up to the left ventricular (caudal) border. The supply area of the left coronary ramus is inversely
proportional to that of the r. circumflexus (sin.) which it meets from the opposite direction without,
however, the terminal branches forming any anastomoses. The second and larger branch of the
interventricular subsinuosal ramus is the r. collateralis ventriculis sin. (48/11) which sends several small
vessels to the apical part of the left ventricular wall as far as the region of the left ventricular border. The
circumflex branch of the right coronary artery gives off numerous small vessels and some larger arteries
to the wall of the right atrium. The large vessels are the r. prox. (46/16), intermedius (46/17; 48/5) and
dist. (/18; /6) atrii dext.

Although the arterial supply to the papillary mauscles is variable, there is a basic pattern. The
subauricular papillary muscle of the left ventricle receives branches from the r. angularis of the left
circumflex artery (47/4) and from ther. collateralis sin. prox. (/8). The left ventricular subatrial papillary
muscle receives arteries from the r. prox. ventriculi sin. (47/5) and from the r. marginis ventricularis sin.
(/6) of the left coronary artery as well as from the r. collateralis ventriculi sin. (48/11) of the
interventricular subsinuosal ramus.

In the right ventricle the m. papillaris subarteriosus is supplied by offshoots of the right coronary
artery and septal branches of the interventricular paraconal ramus of the right coronary artery. The mm.
papillares parvi receive septal branches from both the rr. interventriculares (49) while the large papillary
muscle is in the supply area of the r. marginis ventricularis dext. (48/3).

The very thick interventricular septum (49) is supplied with 12 to 16 equally stout arteries arising at
irregular intervals from the rr. interventriculares paraconalis et subsinuosus. Although these branches
run.towards each other from opposite directions, they do not anastomose. The first vessel, arising from
the interventricular paraconal branch of the left coronary artery, is particularly large and in the horse is
termed the r. septi interventricularis (49/8).

Veins

The sinus coronarius (46/20; 48/15), which is very short in the horse and has an indistinct valvula
sinus coronarius (Thebesii) at its junction with the right atrium, acts as a collecting chamber for the blood
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Fig. 46. Base of the heart of a horse after removal of the atria. (After
Hoffmann, Diss. med. vet., Giessen, 1960.)

a, b, ¢ valva aortae (4 valvula semilunaris sin., b valvula semilunaris dext., ¢
valvula semilunaris septalis); 4, e, f valva trunci pulmonalis (d valvula
semilunaris sin., e valvula semilunaris dext., f valvula semilunaris inter-
med.); g, b valva atrioventricularis sin. s. bicuspidalis (g cuspis septalis, b
cuspis parietalis); #, k, [ valva atrioventricularis dext. s. tricuspidalis (i
cuspis septalis, k cuspis parietalis, / cuspis angularis); 7 septum interatriale;
n conus arteriosus; o margo ventricularis dext.; p margo ventricularis sin.; ¢
sulcus interventricularis paraconalis; r sulcus interventricularis subsinuosus
1 a. coronaria sin., 2 its r. interventricularis paraconalis, 3 its r. circumfle-
xus; 4 r. and v. angularis; 5 r. and v. prox. ventriculi sin.; 6 r. and v.
marginis ventriculi sin.; 7 v. dist. ventriculi sin.; § r. prox. atrii sin.; 8' r.
auricularis dext.; 8" r. auricularis sin.; 9 r. intermed. atrii sin.; 10 a.
coronaria dext., 10’ its r. circumflexus; 77 r. coni arteriosi and v. cordis
parva; 12 r. prox. ventriculi dext. and vv. cordis parvae; 13 r. marginis
ventricularis dext. and vv. cordis parvae; 14 r. coronarius sin.; 15 r.
interventricularis subsinuosus; 16 r. prox. atrii dext.; 16’ v. coni arteriosi;
17 r. intermed. atrii dext.; 18 branch of the r. circumflexus to the wall of the
right atrium; 19 branches of the r. coronarius sin. to the wall of the left
atrium; 20 sinus coronarius; 21 v. cordis magna, 22 its r. circumflexus; 23 v.
cordis media; 24 v. obliqua atrii sin.

Fig. 47. Arteries and veins of the auricular surface of the
heart of the horse. (After Hoffmann, Diss. med. vet.,
Giessen, 1960.)

A right auricle; B left auricle; C margo ventricularis dext.; D
margo ventricularis sin.; E ventriculus dext.; F ventriculus
sin.; G sulcus interventricularis paraconalis; H conus arte-
riosus; I sulcus coronarius, pars sin.; K apex cordis; L
incisura apicis
a arcus aortae; b truncus brachiocephalicus communis; ¢
truncus pulmonalis; d lig. arteriosum; e vv. pulmonales; f v.
cava cran.

1 a. coronaria sin.; 2 its r. interventricularis paraconalis, 3 its
r. circumflexus; 4 r. and v. angularis; 5 r. prox. ventriculi
sin. and branch of the v. cordis magna; 6 r. marginis
ventricularis sin. and branch of the v. cordis magna; 7 r.
prox. atrii sin.; 8 r. collateralis sin. prox.; 9 r. collateralis
sin. dist.; 70 r. and v. coni arteriosi; 11 r. circumflexus of the
a. coronaria dext.; 12 r. coni arteriosi and v. cordis parva; 13
r. prox. ventriculi dext.; 14 r. circumflexus of the v. cordis
magna; 15 v. interventricularis paraconalis
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Fig. 48. Arteries and veins of the facies atrialis of the heart
of the horse. (After Hoffmann, Diss. med. vet., Giessen,
1960.)

A atrium dext.; B atrium sin.; C margo ventricularis dext.;

D margo ventricularis sin.; E ventriculus dext.; F ventricu-

lus sin.; G sulcus interventricularis subsinuosus; H sinus

venarum cavarum; J sulcus coronarius, pars dext.; K apex
cordis

a arcus aortae; b truncus brachiocephalicus communis; ¢,¢
aa. pulmonales; d vv. pulmonales; e v. cava caud.; f v. cava
cran.; g v. azygos dext.

1 r. circumflexus of the a. coronaria dext., 2 its r. interven-
tricularis subsinuosus; 3 r. marginis ventricularis dext. and
vv. cordis parvae; 4 r. dist. ventriculi dext. and vv. cordis
parvae; 5 r. intermed. atrii dext.; 6 r. dist. atrii dext.; 7 r.
collateralis dext. prox. and branch of the v. cordis media; 8
r. collateralis dext. dist. and branch of the v. cordis media; 9
r. coronarius sin, and branch of the v. cordis media; 10 v.
paracoronaria; 1 r. and v. collateralis ventriculi sin.; 12 v.
cordis media, 13 its parallel branch; 74 bypass vein of the vv.
cordis parvae; 15 sinus coronarius; 16 v. obliqua atrii sin.;
17 v. cordis magna and transition into its pars circumflexa;
18 v. dist. ventriculi sin.

Fig. 49. Blood vessels of the interventricular septum and the mm. papillares
subarteriosus et parvi of a horse’s heart, right side. (After Hoffmann, Diss. med..
vet., Giessen, 1960.)

A atrium dext.; B auriculum dext.; C m. papillaris subarteriosus; D mm.
papillares parvi; E septum interventriculare; F apex cordis

a arcus aortae; b v. cava cran.; ¢ v. cava caud.

1 r. circumflexus of the a. coronaria dext., 2 its r. interventricularis subsinuosus;

3 r. coronarius sin.; 4 sinus coronarius; 5 v. cordis media, 6 its parallel branch; 7

r. interventricularis paraconalis of the a. coronaria sin.; 8 r. and v. septi
interventricularis
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of the cardiac veins. It is a cylindrical dilatation of the right atrium lying in the coronary groove below
the termination of the caudal vena cava, and it continues directly into the v. cordis magna (48/17) which
equals it in diameter. In the horse the border between the two is located at the origin of the v. obligua
atrii sin. (/16). This latter vein is usually distinct in the horse; it drains the blood from part of the wall of
the left atrium.

The large v. cordis magna commences at the coronary sinus. It enters the left part of the coronary
groove and passes across the margo ventricularis sin. under the cover of the left auricle to the auricular
surface of the heart. There it enters the left longitudinal groove as the v. interventricularis paraconalis
(47/15) and accompanies the artery of that name to the incisura apicis cordis.

That part of the great coronary vein which runs in the coronary sinus is also known as the v.
circumflexa (sin.) (46/22; 47/14). Its innominate branches accompany the collateral arteries to the wall of
the left ventricle and atrium. Larger branches, which run with the arteries of the same name to the same
supply areas, are the v. angularis (46/4), the v. prox. ventriculi sin. (/5), the v. marginis ventricularis sin.
(/6) and the v. dist. ventriculi sin. (46/7;48/18). Smaller, unnamed and sometimes paired branches of the
interventricular paraconal vein (47/15) accompany offshoots of the arterial r. interventricularis
paraconalis to those parts of the right and left ventricle which lie next to the left longitudinal groove. The
vv. collaterales prox. et dist. (47/8, 9) correspond to arteries of similar names; they drain the wall of the
left ventricle. The right atrial wall is drained by the v. coni arteriosi (47/10).

The v. cordis media s. interventricularis subsinuosa enters the right atrium (46/23; 48/12) near the
termination of the coronary sinus and accompanies the similarly named branch of the left coronary
artery in the subsinuosal groove. Like the artery, it divides into several veins before reaching the apex of
the heart. Generally the interventricular paraconal vein gives rise to a collateral branch (48/13) with
which it remains associated by cross-anastomoses. The interventricular paraconal vein gives off branches
which, in company with small arteries, supply the left and right ventricular wall adjacent to the
longitudinal groove. This vein, or its collateral, drains the right ventricle by means of the vv. collaterales
dext. prox. et dist. (48/7, 8) and the left ventricle by the v. paracoronaria sin. (/10) and the v. collateralis
ventriculi sin. (/11).

Finally one should mention the vessels which terminate in the middle cardiac vein and in the
interventricular paraconal vein (49), and which run parallel to the septal branches of the two coronary
arteries.

There are four to six vv. cordis parvae which enter the right atrium after having collected blood from
the right ventricular wall in the region of the coronary groove. As a rule they are linked by continuous
cross-anastomoses and this gives rise to a “shunting” vein (48/14) which runs parallel with the
circumflex ramus of the right coronary artery and terminates in the middle cardiac vein. The four larger
vv. cordis parvae are known respectively as the v. coni arteriosi (47/12), the v. prox. ventriculi dext.
(/13), the v. marginis ventricularis dext. (48/3) and the v. dist. ventriculi dext. (/4).

The vv. cordis minimae are of very slender diameter and only a few millimeters in length. They carry
blood from the walls of the atria and ventricles and open directly into these chambers. They are more
numerous in the atria than in the ventricles.

Species-diagnostic features of the hearts of domestic mammals

The features by which the hearts of the different species of domestic mammals can be identified,
particularly when these animals have about the same body size, will now be discussed.

Dog
(16, 17, 27-29)

The dog’s heart is almost spherical and in cross section below the coronary groove it is circular. In
large breeds it may weigh as much as 500 g. The borders of the auricles are smooth. The coronary and
longitudinal grooves are bridged by strips of muscle tissue and only moderate amounts of yellow, soft
adipose tissue are present in them. The smaller subepicardial arteries are generally accompanied by two
collateral veins. Both the interventricular paraconal and subsinuosal rami are branches of the left
coronary artery (27/1, 2, 8), so that the dog’s heart is an example of a left coronary type of heart (25).
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The great coronary and medial cardiac veins both arise from the coronary sinus (27/16, 17, 18), the latter
shortly before the sinus enters the right atrium. Another distinguishing feature is the presence of the v.
obliqua atrii sin. (/20) which is connected to the coronary sinus and represent a rudiment of the left
azygos vein of the foetal heart. There are usually four small cardiac veins which enter the right atrium
independently on the atrial surface (/10-13). An important feature distinguishing the dog from the pig,
sheep and goat is that the former has only one v. azygos dext. and this enters the right atrium along with
the cranial vena cava (29/10). If the aortic arch is retained on the organ then the hearts of the dog, the pig
and the small ruminants can be identified by the pattern in which the arteries supplymg the chest,
forelimb, neck and head are given off. The branches of the cranial vena cava also arise in a distinctive
manner in each species.

The base of the great papillary muscle is either entirely confined to the septum or is based on both the
septum and the outer wall. The skeleton of the heart contains two cartilages of which one is very small.

Pig
(19, 34-36)

The pig’s heart is in the form of a blunt cone with slightly flattened sides. Its greatest diameter at the
coronary groove is about equal to the distance between this groove and the apex. It can weigh up to
500 g. The edges of both auricles, but especially the left, carry a few distinct notches. The adipose tissue
of the coronary and longitudinal grooves is soft and white and it varies in amount according to the
nutritional state but is not so abundant as one might expect from a species of animal which has such a
tendency to fat storage. The blood vessels in the longitudinal groove are often bridged over by muscle
bands. Both coronary arteries have an interventricular ramus. The left coronary artery (35/9) supplies
the paraconal branch (/17) and the right coronary artery supplies the subsinuosal branch (36/14, 15); the
pig, therefore, has a bilateral coronary type of heart (26). The coronary sinus (36/d) gives rise to the left
azygos vein (/8) which is typical for both pigs and ruminants. The boundary between these two vessels
is determined by the origin of the great coronary vein (/23) from the coronary sinus. Shortly thereafter
the coronary sinus also receives the interventricular subsinuosal vein, also known as the medial cardiac
vein (/21). The interventricular paraconal vein (35/21) divides into two collateral branches at the level of
the coronary groove whereas its contralateral partner (36/21) only forks in the lower third of the
subsinuosal groove. There are four vv. cordis parvae of which three arise from the right atrium by a
common stem with the v. crcumflexa dext. (34/20). As in the sheep and goat, but contrary to the
situation in the dog, the great papillary muscle is always situated on the outer wall. The trabecula
septomarginalis of the right ventricle is always very powerful and may measure up to 9 mm in diameter.
Two cartilages, which can become ossified with advancing age, complete the skeleton of the heart.

Sheep and goat
(20, 41-45)

The heart of the sheep is cone-shaped and altogether more slender and pointed than that of the pig. In
the goat it is in the shape of a pointed cone. The sheep’s heart weighs up to 250 g. In both species the
notches in the border of auricles, especially those of the left auricle, are more distinct than in the pig.
The subepicardial adipose tissue is white, of tallowy consistency and not only fills the coronary groove
but extends beyond it in well-nourished individuals. Characteristic for the heart of the sheep and the
goat is the presence of subendocardial adipose tissue which appears as small islets. These islets are
especially prominent on the apex of the papillary muscles (20).

The two species are of the left coronary type (25) in respect of the origin of both interventricular rami,
that is to say both rami originate from the left coronary artery (43/1). As in the case of the pig, the
coronary sinus of the small ruminants (42/12; 45/13) receives the left azygos vein (/e;/e). In the goat the
interventricular subsinuosal vein (middle cardiac vein) (45/14) terminates in the coronary sinus, while in
the sheep it enters directly into the right atrium (42/13). Unlike the dog and pig, both small ruminants
have a v. cordis caudalis (41/13) which arises from the great coronary vein and runs to the margo
ventricularis sin. Four to five v. cordis parvae arise independently and directly from the right atrium and
are in part covered over by the auricle.
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There are other differences between the sheep and the goat in respect of the cardiac vessels but since
these vessels are small and prone to individual variation, they are unsuitable for diagnostic purposes.

Ox
(37-40)

Depending on its functional state, the heart of the ox is in the form of a squat, or rather more pointed
cone with sides of equal length. It can weigh up to 3.3 kg. At the margo interventricularis sin. occurs the
intermediate sulcus which is characteristic of the species. The borders of both auricles are very distinctly
notched. One should also note the large amount of subepicardial adipose tissue which can form
cushion-like structures extending beyond the limits of the grooves. Both interventricular rami stem
from the left coronary artery (37/1, 2, 3;38/1, 25 39/2) so that the ox’s heart belongs to the left coronary
type (25). The coronary sinus (39/13) gives rise to the great coronary vein (38/11), the interventricular
subsinuosal or middle cardiac vein (39/14) and the left azygos vein (37/17), which latter is typical for all
the domestic ruminants. Also peculiar to this species is the caudal cardiac vein (37/18; 38/13) which
arises from the coronary sinus; it runs in the sulcus intermedius which is present only in the ox. There
are seven to eight vv. cordis parvae and they enter the right atrium separately. A particularly
characteristic and easily determined feature of the bovine heart is the presence of the large and small
bones which are part of the heart skeleton.

Horse
(46—49)

The heart of the horse is shaped like a blunt cone with slightly flattened sides. Its weight depends on
the breed and varies between 1.3 and 4.2 kg, although in thoroughbreds it can far exceed even the larger
figure. The border of the left auricle shows only indistinct notching. The subepicardial fat is remarkably
yellow and soft, almost of a thickish oily consistency. The amount of adipose tissue present is obviously
dependent on the breed and the heart of the more “primitive” breeds have so much fat that it extends
beyond the grooves. The two interventricular arteries, the branches of which are usually accompanied
by two collateral veins, both arise from the coronary arteries (46/1; 10), the paraconal (/2) from the left
and the subsinuosal (/15) from the right coronary artery. Unlike the ox, therefore, the horse’s heart is of
bilateral coronary type (26). Also characteristic of the equine heart is the presence of a right azygos vein
which springs from the cranial vena cava (10/2). The coronary sinus (46/20; 48/15) becomes the great
coronary vein (/21; /17) and at the transition it receives the v. obligua atrii sin. (/24; /16). The
interventricular subsinuosal, or medial cardiac vein, usually enters the coronary sinus a short distance
before it terminates in the right atrium although it can empty directly into the atrium (48/12). The
skeleton of the horse’s heart is supplemented by small and large cardiac cartilages.



Arteries (arteriae)®

Truncus pulmonalis
(Pig: 96/41, 153/46; goat: 154/28; sheep: 99/19; ox: 102, 155/1; horse: 103/30)

The truncus pulmonalis, as the main artery of the pulmonary circulation, carries the venous blood to
the lungs. It arises from the conus arteriosus of the right ventricle at the ostium trunci pulmonalis. The
first part of the pulmonary trunk, which is flanked by the two auricles, has shallow depressions known
as the sinus trunci pulmonales situated dorsal to each semilunar valve. Initially the pulmonary trunk runs
dorsal within the pericardium, lying cranially and to the left of the aorta. Ventral to the brachiocephalic
trunk it bends caudally, thus crossing the aortic arch on the left side, and it leaves the pericardium at a
point dorsal to the left atrium. At this site the pulmonary trunk is joined to the aorta by the ligamentum
arteriosum, which is the remnant of the ductus arteriosus (Botalli) which formed a direct connection
between the pulmonary and systemic circulation during foetal life. A short distance beyond the ligament
and ventral to the trachea, and to the right of the left azygos vein in the pig and ruminant, the pulmonary
trunk divides into the a. pulmonalis sinistra and the a. pulmonalis dextra.

The a. pulmonalis sinistra curves caudolaterally to face the hilus of the left lung, thus crossing
dorsally the left pulmonary veins. Together with the bronchial tree it divides into the r. lobi candalis for
the caudal lobe and into the r. lobi cranialis which latter, except in the horse, gives rise to the 7.
ascendens and the r. descendens to the divided cranial lobe of the lung.

The a. pulmonalis dextra goes to the hilus of the right lung passing ventrally to the trachea. The
subdivision of the right pulmonary artery at the hilus varies according to the species. In carnivores it
divides into ther. lobi cranialis, ther. lobi medii and r. lobi caudalis. In the pig and ruminant it gives rise
to ther. lobi cranialis before entering the lung and this ramus runs outside the lung in a cranial direction
along the right side of the trachea to the bronchus trachealis. In the ruminant, this ramus then forks like
the corresponding bronchus, into the . ascendens and the r. descendens. In both these species the
continuation of the right pulmonary artery then divides at the hilus into a r. lobi medii and r. lobi
caudalis. In the horse it divides into only a r. lobi cranialis and a r. lobi caudalis. In all the domestic
mammals the r. lobi caudalis gives off the r. lobi accessorii for the accessory lobe of the right lung. The
subsequent branching of the rami of the right pulmonary artery corresponds to that of the bronchi.

Aorta
(Comparative: 85-88/1, 31, 39; cat: 91/1, 1', 1", 30; horse: 50/1, 5, 20, 25)

The aorta arises from the left ventricle at the anulus fibrosus. It immediately enlarges to the bulbus
aortae and gives off the right and left coronary arteries (see blood vessels of the heart) from the sinus
aortae dorsal to the right or left semilunar valve. As the aorta ascendens, it rises craniodorsally on the
right side of the pulmonary trunk and continues into the craniodorsally convex arcus aortae. The latter
is enclosed by pericardium to an extent which varies according to the species. At the point of insertion of
the pericardium the aorta receives the lig. arteriosum which, as the ductus arteriosus, forms a
communication between the pulmonary trunk and the aorta in the foetal circulation. The aortic arch,
enclosed within its mediastinum, reaches the vertebral column somewhat to the left of the midline at the
level of the 5th, 6th or 7th thoracic vertebra and then continues caudally ventral to the column as the
aorta descendens. Within the thoracic cavity it becomes the aorta thoracica and upon entry into the

* The topographic illustrations of the blood vessels are derived from various studies and therefore they are not
uniformly annotated. Certain inessential details of lettering have been omitted in the legends of this book.
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hiatus aorticus of the diaphragm and within the abdominal cavity, it is referred to as the aorta
abdominalis. Its terminal bifurcation lies at the level of the last, or last but one, lumbar vertebra.

The cranially directed truncus brachiocephalicus arises from the aortic arch in all the domestic
mammals. In the pig and carnivores the 4. subclavia sinistra does not arise from the brachiocephalic
trunk but also comes off the aortic arch.

Starting from between the 3rd and 6th thoracic vertebrae, depending on individual and species
variation, the aorta thoracica gives off from its dorsal wall the aa. intercostales dorsales, which are
segmentally distributed to both sides of the thorax. The a. costoabdominalis dorsalis goes to the caudal
border of the last rib. The a. broncho-oesophagea arises dorsal to the base of the heart; in some animals it
is paired but these two branches may be united close to their origin. It often has two branches, the r.
bronchalis and r. oesophageus, but these may also arise directly from the thoracic aorta and, indeed, they
may sometimes even originate from one of the dorsal intercostal arteries. The thoracic aorta also gives
rise to the rr. oesophagei, pericardiaci and mediastinales. Only in the horse are the aa. phrenicae
craniales, which supply the thoracic surface of the diaphragm, given off in the region of the hiatus aorta.

The aorta abdominalis lies to the left of the v. cava caudalis and contacts the thoracic duct and the
inner lumbar muscles dorsally. From its dorsal wall issue segmentally the aa. lumbales. The a. lumbalis
I arises bilaterally at the level of the aortic hiatus whereas the last lumbar artery issues from the a. sacralis
mediana in carnivores, pigs and small ruminants and from the a. iliolumbalis in the ox. In the horse, the
last two lumbar arteries originate from the a. iliaca interna.

On either side of the aorta arises an a. phrenica caudalis to the caudal surface of the diaphragm. In
carnivores the caudal phrenic artery usually arises in company with the a. abdominalis cranialis and in
pigs and ruminants it originates from the coeliac artery. In the horse, however, it is absent. The caudal
phrenic artery infrequently arises from the last dorsal intercostal or one of the lumbar arteries. The a.
abdominalis cranialis, which occurs only in carnivores and pigs, leaves the abdominal aorta at the level
of the 2nd or 3rd lumbar vertebra. From the ventral wall of the abdominal aorta issues the unpaired 4.
coeliaca which supplies the abdominal viscera. In carnivores and ruminants this vessel arises at the level
of the 1st lumbar vertebra and in the pig and horse at the level of the last thoracic vertebra. In all species
the a. mesenterica cranialis originates ventrally at the level of the next vertebra while the a. mesenterica
candalis is given off ventral to the 5th lumbar vertebra in the carnivore, the pig and small ruminant,
ventral to the 6th lumbar vertebra in the ox and to the 4th in the horse. To convey blood to the adrenal
gland the abdominal aorta gives off an 4. suprarenalis media in the carnivore and the aa. suprarenales
mediae in the pig. The kidneys are supplied by the bilateral a. renalis, the origin of which depends on
the species and the topography of the kidneys. As a rule the vessel to the right side arises somewhat
further cranial than that to the left. The origin of the right renal artery is at the level of the 1st-2nd
lumbar vertebrae in the dog, the 2nd-3rd lumbar vertebrae in the sheep and ox, the 3rd in the pig, the
3rd—4th in the cat and goat and at the level of the 1st lumbar vertebra in the horse. The a. testicularis in
the male and the 4. ovarica in the female are destined for the supply of the gonads. In the dog they arise
bilaterally at the level of the 3rd—4th, in the horse at the 4th, the cat and sheep at the 4th-5th and the pig,
goat and ox at the 5th lumbar vertebrae. In carnivores only the abdominal aorta give off the a.
circumflexa ilium shortly before the origin of the external iliac artery. In the horse this vessel arises
either in the angle of origin of the external iliac artery or, as in other domestic mammals, directly from
this latter artery. The a. iliaca externa is a stout vessel which arises bilaterally from either side of the
abdominal aorta at the level of the 7th lumbar vertebra in the cat, the 6th in the dog and ruminants and
the 4th-5th lumbar vertebrae in the pig and horse. A short distance after the origin of the external iliac
arteries but still cranially to the promontory and therefore within the abdominal cavity, the abdominal
aorta divides into the stout left and right aa. iliacae internae and the a. sacralis mediana, which latter is
very short in the horse or may be absent altogether.

Arcus aortae and truncus brachiocephalicus

(Comparative: 51-54, 85-88/1, 2; cat: 90, 91/1, 2; pig: 96/1, 2; sheep: 99/1, 2, 4; ox: 102/2'; 155/6;
horse: 50/5, 6; 103/1, 3)

The arcus aortae gives rise to vessels which supply the head, the neck, the forelimb and the cranial
region of the thorax as well as some of the thoracic organs. These vessels are the right and left a.
subclavia and the right and left a. carotis communis. These two arteries are united into the truncus
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brachiocephalicus except in carnivores and pigs in which the left subclavian artery is not included in the
brachiocephalic trunk but arises directly from the aorta. In ruminants and horses the left subclavian
artery arises from the brachiocephalic trunk before the right subclavian artery. The cranially directed
carotid arteries are united into the truncus bicaroticus except in carnivores in which the a. carotis
communis sinistra leaves the brachiocephalic trunk before the a. carotis communis dextra. At its origin
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Fig. 50. Heart and aorta of a horse. Left view.
(After Schummer, unpublished). The arteries of the right side are identified by numbers with apostrophe.

4 cor, ventriculus dexter; b ostium trunci pulmonalis with valva trunci pulmonalis; ¢ atrium sinistrum with auricula sinistra and the terminating vv.
pulmonales; ventriculus sinister, opened
1 aorta ascendens; 2 a. coronaria sinistra, 3 r. interventricularis paraconalis, 4 r. circumflexus; 5 arcus aortae; 6 truncus brachiocephalicus; 7 a. subclavia; &
truncus costocervicalis; 9 a. intercostalis suprema; 10 a. scapularis dorsalis; 11 a. cervicalis profunda; 12 a. vertebralis; 13 a. thoracica interna; 14 a. cervicalis
superficialis, 15 r. deltoideus; 16 a. axillaris; 17 truncus bicaroticus; 18 a. carotis communis; 79 lig. arteriosum (ductus arteriosus); 20 aorta descendens, aorta
thoracica; 21 aa. intercostales dorsales; 22 a. costoabdominalis dorsalis; 23 a. broncho-oesophagea; 24 a. phrenica cranialis; 25 aorta descendens,
abdominalis; 26 aa. lumbales; 27 a. iliaca externa; 28 a. circumflexa ilium profunda; 29 a. cremasterica or a. uterina; 30 a. iliaca interna; 31 a. glutaea caudalis;
32 a. glutaea cranialis before the origin of the a. obturatoria; 33 a. iliolumbalis; 34 rr. sacrales; 35 a. pudenda interna; 36 a. umbsilicalis; 37 a. coeliaca; 38 a.
lienalis; 39 a. gastrica sinistra; 40 a. hepatica; 41 a. suprarenalis; 42 a. mesenterica cranialis; 43 aa. jejunales and aa. ilei; 44 a, ileocolica; 45 r. colicus; 46 a.
caecalis lateralis; 47 a. caecalis medialis; 48 r. ilei mesenterialis; 49 a. colica dextra; 50 a. colica media; 51 a. renalis; 52 r. suprarenalis; 53 a. testicularis or a.
ovarica; 54 a. mesenterica caudalis; 55 a. colica sinistra; 56 a. rectalis cranialis
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the brachiocephalic trunk is still encased within the pericardial sac. In carnivores, pigs, small ruminants
and horses its origin is at the level of the 3rd rib whereas in the ox it is level with the 4th rib. After
leaving the pericardium the trunk runs cranially and ventrolateral to the trachea within the mediastinum.
It is accompanied on its course to the thoracic entrance by the v. cava cranialis which lies dorsal and to
its right.

A. subclavia
(Comparative: 51-54, 85-88/3; 55-58/1; cat: 90, 91/3; pig: 96/3; sheep: 99/3; ox: 102/6; horse: 50/7;
103/4).

The a. subclavia turns in a cranial convex curve to the anterior border of the first rib and, because of
its more dorsally situated origin, the left artery is tilted cranioventrally. From the subclavian artery arise
the a. vertebralis, a. cervicalis profunda, a. scapularis dorsalis and a. intercostalis suprema or a.
vertebralis thoracica. Two (pig and horse), three (carnivores) or all these arteries (ruminants) can be
fused into a common stem of origin, the truncus costocervicalis. Since in the horse the right subclavian
artery arises in a much more cranial position, the costocervical trunk, the deep cervical artery and the
vertebral artery of the right side all originate directly from the brachiocephalic trunk. Before the
subclavian artery continues into the axillary artery it gives off, at the thoracic entrance at the level of the
1st rib, the a. thoracica interna which runs in a caudoventral direction and the a. cervicalis superficialis
which runs in a cranial direction. In the pig the right superficial cervical artery is fused with the a.
thyreoidea candalis dextra to form the truncus thyreocervicalis.

A. vertebralis

(Comparative: 51-54/11; 85-88/5; cat: 90, 91/4; pig: 96/6; sheep: 99/12; ox: 102, 155/11; horse: 50/12;
83/49; 103/9)

The a. vertebralis arises from the subclavian artery before the origin of the costocervical trunk in the
carnivore, after the origin of that vessel in the horse and in the ox together with it. The vertebral artery
turns craniodorsally towards the foramen transversarium of the 6th cervical vertebra, where it enters the
transverse canal and follows it in a cranial direction. Except in the ox, it reaches the alar groove of the
atlas and continues through the incisura alaris or the for. alare. In the dog, it always passes through the
alar notch. In a manner similar to the dorsal intercostal and lumbar arteries, the vertebral artery gives off
segmentally the rr. spinales which pass through the forr. intervertebralia or forr. vertebralia lateralia to
vascularize the spinal cord and its meninges and the vertebral bodies. The vertebral artery itself then
passes through the lateral vertebral foramen of the atlas in a similar manner to one of the spinal rami. It
enters the vertebral canal and, together with the vertebral artery of the other side, it continues towards
the cranium as the a. basilaris. The rr. dorsales and rr. ventrales supply the neighbouring musculature.
In the region of the incisura alaris or the foramen alare, the r. dorsalis forms the r. descendens and is
connected to the a. cervicalis profunda. The corresponding r. ventralis forms the r. anastomoticus cum
a. occipitali. In the ox the vertebral artery terminates in the r. spinalis I1] before entering the transverse
canal of the axis. Dorsal to the wing of the atlas there is a communication through the corresponding r.
dorsalis with the r. descendens which is also present in the ox and also forms a connection with the a.
occipitalis through the r. anastomoticus.

A. cervicalis profunda

(Comparative: 51-54/10; 85-88/8; cat: 90/6"; pig: 96/4'; sheep: 99/11; ox: 102, 155/10; horse: 50/11;
103/8)

In carnivores, pigs and ruminants the a. cervicalis profunda arises from the costocervical trunk. In
the horse, on the other hand, the deep cervical artery of the left side stems from the subclavian artery
and that of the right from the brachiocephalic trunk. It leaves the thoracic cavity in the carnivore and
horse through the 1st, and in the pig through the 2nd, intercostal space. In ruminants it rises in front of
the 1st rib. It runs towards the head and supplies, via dorsally directed branches, the cervical
musculature from the withers to the nape. It forms numerous anastomoses with the vertebral artery’s
dorsal branches, which are destined for the muscles next to the cervical vertebrae, and also with their 7.
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descendens. In the small ruminants the field of supply of the deep cervical artery is confined to the neck
and withers region, but the dorsal branches of the vertebral artery extend up to the ligamentum nuchae.

A. scapularis dorsalis

(Comparative: 51-54/7; 85-88/9; cat: 90, 91/7; pig: 96/5; sheep: 99/10; ox: 102, 155/9; horse: 50/10;
103/6)

In carnivores, ruminants and the horse the a. scapularis dorsalis arises from the costocervical trunk,
but in the pig it arises independently from the subclavian artery. In carnivores and ruminants its origin is
located cranial to the 1st rib, in the pig in the 1st intercostal space and in the horse in the 2nd intercostal
space. Giving off craniodorsally and caudodorsally directed branches, it proceeds between the m.

Fig. 53

Figs 51, 52, 53, 54. Arcus aortae and truncus brachiocephalicus of the dog, pig, ox and horse. Dorsal view.

1 arcus aortae; 2 truncus brachiocephalicus; 3 a. subclavia sinistra; 3’ s. subclavia dextra; 4 truncus bicaroticus; 5 a. carotis communis sinistra; 5’ a. carotis

communis dextra; 6 truncus costocervicalis sinister; 6’ truncus costocervicalis dexter; 7 a. scapularis dorsalis sinistra; 7’ a. scapularis dorsalis dextra; 8 a.

vertebralis thoracica sinistra; 8’ a. vertebralis thoracica dextra; 9 a. intercostalis suprema sinistra; 9" a. intercostalis suprema dextra; 10 a. cervicalis profunda

sinistra; 10" a. cervicalis profunda dextra; 11 a. vertebralis sinistra; 11" a. vertebralis dextra; 12 a. cervicalis superficialis sinistra; 12’ a. cervicalis superficialis

dextra; 13 a. thoracica interna sinistra; 13’ a. thoracica interna dextra; 14 a. thoracica externa sinistra; 14" a. thoracica externa dextra, only shown in the horse
where it arises more proximally; 15 a. axillaris sinistra; 15’ a. axillaris dextra
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serratus ventralis cervicalis (or thoracis) and the longissimus dorsi muscle to the vertebral border of the
scapula. There it ramifies in the muscles which are inserted at that site and also in the skin of the withers.

A. intercostalis suprema
(Comparative: 51-54/9; 85-88/10; cat: 90/6'; pig: 96/4'"'; sheep: 99/9; ox: 102, 155/8; horse: 50/9;
103/7)

Up to four of the more cranial aa. intercostales dorsales are linked to the costocervical trunk in
series, one after the other. In each case the succeeding artery arises lateral to the vertebral body from the
preceding vessel. This paravertebral chain of anastomosing arteries, the a. intercostalis suprema, runs
ventral to the rib head joints. This artery is absent in the dog where the leading segments of each of the
dorsal intercostal arteries follow one behind the other dorsal to the necks of the ribs and ventral to the
costotransverse articulations. This vessel is the 4. vertebralis thoracica. The course and distribution of
these dorsal intercostal arteries will be discussed together with the intercostal arteries arising from the
thoracic aorta (p. 121).

A. thoracica interna
(Comparative: 51-54/13; 85-88/12; cat: 90, 91/11; dog: 93/a; pig: 96/8; sheep: 99/13; ox: 102, 155/13;
horse: 50, 103/13)

The a. thoracica interna leaves the subclavian artery medial to the first rib. It then runs
ventrocaudally in a subpleural position and dips at about the level of the 3rd sternebra on the floor of the
thorax into the transversus thoracic muscle which it pervades to reach the diaphragm. Along its course it
gives off at each segment a r. intercostalis ventralis which runs dorsad along the caudal border of the
corresponding rib to anastomose with the a. intercostalis dorsalis. This arterial link is absent in the first
two intercostal arteries of the pig; in the horse it is usually lacking in the first, and always in the second
to fourth, intercostal arteries. Allowing for species and segmental differences, dorsally rising branches
are also given off along the cranial borders of the ribs. These latter branches may originate together with
the rr. intercostales ventrales. All these vessels supply the ventral part of the lateral wall of the thorax.
The ventral thoracic wall is vascularized by the rr. perforantes which pass through the intercostal spaces
close to the sternum, giving off rr. sternales and, in carnivores and pigs, the rr. mammarii to the thoracic
mammary complex. The rr. mediastinales and, more cranially, the rr. thymici, run into the ventral
mediastinum. An a. pericardiacophrenica corresponding to that of man can usually be traced only up to
the pericardium in domestic animals. In company with the phrenic nerve it may reach the diaphragm or
it may anastomose with the a. phrenica before reaching it. The internal thoracic artery divides into the a.
musculophrenica and the a. epigastrica cranialis at the level of the 6th~8th intercostal spaces (6th in pigs,
7th in ruminants and 7th to 8th in carnivores and horses.)

A. musculophrenica
(Comparative: 85-88/14; pig: 96/18; 97/31; sheep: 101/13)

The a. musculophrenica follows caudodorsally the rib arch and perforates, at about the width of an
intercostal space from its origin, the pars costalis of the diaphragm. Thereafter it runs subperitoneally
between the digitations of the origin of the pars costalis of the diaphragm on the one hand and the
transversus abdominis muscle on the other. In the carnivore this vessel extends to the 11th rib, in the pig
and ruminant to the 10th and in the horse to the 11th and infrequently in the latter animal to the 12th,
13th or even 16th rib. Like the internal thoracic artery, it gives off rr. intercostales ventrales and, more
irregularly, branches to the cranial borders of these ribs. Ventrally directed branches supply parts of the
abdominal musculature in the regio hypochondriaca. The medially directed rr. phrenici vascularize the
diaphragm.

A. epigastrica cranialis

(Comparative: 85-88/15; cat: 91/31; pig: 96, 98/19; 97/14 sheep: 99/14)

The a. epigastrica cranialis is the second terminal limb of the internal thoracic artery. It perforates
the diaphragm and, covered by the inner layer of the rectus sheath, it runs a paramedian course towards
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the pelvis, at first dorsally on the rectus abdominis muscle and later buried in that muscle. It ramifies in
the ventral abdominal wall through lateral, medial and even segmentally arranged branches. The
dorsally-directed, lateral branches anastomose in the thoracic region with corresponding branches of the
a. musculophrenica or aa. intercostales dorsales in the pig and ruminants and in ruminants with those of
the a. costoabdominalis dorsalis. Thus these dorsally-directed, lateral branches correspond to the rr.
intercostales ventrales or the r. costoabdominalis ventralis. At the level of the umbilicus the diverging
terminal branches make contact with those of the caudal epigastric artery. At the angle between the
xyphoid process and the arch of the rib of carnivores and ruminants the cranial epigastric artery gives
rise to the a. epigastrica cranialis superficialis. This latter vessel perforates the rectus abdominis muscle
and the outer leaf of the rectus sheath to reach a subcutaneous position. It supplies the skin and in
carnivores the caudal thoracic and cranial abdominal part of the mammary complex by means of the rr.
mammarii. The terminal branches of the cranial superficial epigastric artery anastomose with those of
the caudal superficial epigastric artery. In the pig the rr. mammarii arise from the cranial epigastric
artery and perforate the superficial muscle layers.

A. cervicalis superficialis

(Comparative: 51-54/12; 55-58/2; 85~-88/19; cat: 59/24; 90, 91/8; dog: 92/18; 19; pig: 96/7; sheep:
62/20; 99/15; ox: 63/19; 102, 155/12; horse: 50/14; 103/10)

The a. cervicalis superficialis springs from the subclavian artery medially to the 1st rib about opposite
the origin of the internal thoracic artery. In the pig only this vessel is united on the right side with the a.
thyroidea candalis to form the truncus thyreocervicalis. Running in a cranial direction and giving off
branches to the lnn. cervicales profundi candales, it tilts slightly ventrad as it crosses the external jugular
vein to reach the medial surface of the brachiocephalic muscle. It sends the r. deltoideus into the lateral
pectoral groove. In the dog and the pig this deltoid branch may also arise from the axillary artery and in
the ox it may originate as an additional r. descendens from the external thoracic artery. It accompanies
the cephalic vein and supplies primarily the cleidobrachialis and the pectoralis descendens muscles.

The superficial cervical artery now gives off in a cranial direction the r. ascendens which then runs
along the medial surface of the cleidocephalic muscle and supplies this and, in various species, the
sternocephalicus, omohyoideus, omotransversarius and the scalenius muscles. The superficial cervical
artery turns dorsally and gives off the a. suprascapumlaris in carnivores and small ruminants, the .
suprascapularis in the ox and in the pig the r. acromialis. The r. acromialis is described below with the
axillary artery so is the a. suprascapularis which in the pig arises from the a. circumflexa humeri caudalis
and in the ox and horse from the a. axillaris. The superficial cervical artery is continued, except in the
horse, as the r. praescapularis, which runs dorsal and parallel to the m. supraspinatus. This prescapular
ramus gives off branches to the superficial cervical lymph nodes and also supplies the omotransversarius
muscle, the cervical part of the trapezius and the rhomboideus cervicis muscles. In the horse the lymph
node branches arise directly from the superficial cervical artery or its r. ascendens, while a muscular
branch turns into the cleidoscapularis muscle.

Arteries of the pectoral limb

A. axillaris

(Comparative: 51-54/15; 55-58/8; 85-88/23; cat: 59/1; 90, 91/10; pig: 61/1; 96/13; sheep: 62/1; 99/3';
ox: 63/1; 102, 155/14; horse: 50/16; 65/1; 103/33)

The a. axillaris arises from the subclavian artery at the cranial border of the 1st rib and it leaves the
thoracic cavity through the ventral half of the thoracic outlet. Ventral to the medial scalenus muscle the
axillary artery continues caudally the arc which began as the subclavian artery. It runs between the
thoracic wall and the pectoral limb to reach medially the flexor aspect of the shoulder joint. It
immediately gives off the 4. thoracica.
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In the dog and pig the r. deltoideum may be given off even earlier. This is described under the
superficial cervical artery. In carnivores the next branch is the a. thoracica lateralis which runs along the
lateral wall of the chest. In the ox and horse the a. suprascapularis arises from the dorsal wall of the
axillary artery at about the same level as the origin of the external thoracic. The suprascapular artery
then takes a dorsal direction along the cranial border of the scapula. In all domestic animals the stout a.
subscapularis also arises from the dorsal wall of the axillary artery and follows in a dorsal course the
caudal border of the scapula. Still within the flexor region of the shoulder joint, the axillary artery curves
distally and, except in the pig, it gives off the a. circumflexa humeris in the region of the collum humeri.
Thereafter the axillary artery continues as the a. brachialis.
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Figs 55, 56, 57, 58.  Arteries of the left pectoral limb down to the carpal region of the dog, pig, ox and horse.
Diagrammatic, medial view.

1 a. subclavia; 2 a. cervicalis superficialis; 3 r. ascendens; 4 r. praescapularis; 5 a. suprascapularis; 5' r. suprascapularis; 6 r. acromialis; 7 r. deltoideus; 8 a.
axillaris; 9 a. thoracica externa; 10 a. thoracica lateralis; 11 a. subscapularis; 12 a. circumflexa humeri caudalis; 13 a. thoracodorsalis; 14 a. circumflexa
scapulae; 15 a. collateralis radialis; /6 a. circumflexa humeri cranialis; 17 a. brachialis; 18 a. profunda brachii; 19 a. bicipitalis; 20 a. collateralis ulnaris; 21 a.
brachialis superficialis; 22 a. antebrachialis superficialis cranialis; 23 a. transversa cubiti, 24 its branch to the rete carpi dorsale; 25 a. interossea communis; 26
a. ulnaris; 27 a. interossea cranialis; 28 a. interossea caudalis; 29 r. interosseus; 30 r. carpeus dorsalis of 27 or, in the dog, of 29;31 r. carpeus palmaris of 28
or, in the ox, of 29532 r. palmaris, 33 r. profundus, 34 r. superficialis; 35 a. mediana; 36 a. profunda antebrachii; 37 a. radialis; 37’ a. radialis proximalis of
the horse, the r. carpeus palmaris is also shown; 38 r. profundus of 37; 33 and 38 arcus palmaris profundus; 39 r. superficialis of 37; 40 aa. metacarpei
palmares
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A. thoracica externa

(Comparative: 55-58/9; 85-88/24; cat: 59/2; 90/3'; pig: 96/9; sheep: 99/16"; ox: 102, 155/15; horse:
54/14; 103/19)

From its point of origin at the level of the 1st rib, the a. thoracica externa continues caudally and
divides into a superficial and a deep branch. The superficial branch runs between the superficial and deep
pectoral muscles, ramifying in both of these muscles. The deep branch sends twigs from the medial
surface into the m. pectoralis profundus. In the pig the a. thoracica lateralis also arises from the external
thoracic.
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A. thoracica lateralis
(Comparative: 85-88/25; cat: 59/3; 90/9; dog: 92/22; 93/d; pig: 96/10)

The a. thoracica lateralis occurs only in carnivores and the pig. In the former species it arises from
the axillary artery; in the pig from the external thoracic. The lateral thoracic artery proceeds caudally
and reaches a superficial position in the angle between the deep pectoral and the latissimus dorsi
muscles. It gives off branches to these muscles, to the m. cutaneus trunci and to the skin. In females
there are also laterodorsally directed r. mammarii laterales which supply the thoracic mammary tissue.
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A. suprascapularis
(Comparative: 55-58/5; cat: 59/27; pig: 61/7; sheep: 62/23; ox: 63/2; 64/1, 2; horse: 65/2; 66/1)

The a. suprascapularis of carnivores and small ruminants and the r. suprascapularis of the ox both
arise from the superficial cervical artery. In the pig, on the other hand, the suprascapula artery stems
from the a. circumflexa humeri candalis and in the ox and horse from the axillary artery. The
suprascapular ramus of the ox give off the . acromialis. In accord with its variable origin, the course of
this artery is caudal in carnivores and small ruminants, craniodorsal in the pig and dorsal in the ox and
horse. Together with the suprascapular nerve, it travels between the subscapularis and supraspinatus
muscles to reach the incisura scapulae. Here, as well as in the supraspinatus muscle, branches run to the
margo dorsalis of the scapula to ramify in the muscles just mentioned. In the ox the caudally directed r.
suprascapularis only just reaches the supraspinatus muscle with its smallest branches. The suprascapular
artery also supplies the brachial plexus which in the horse usually receives additional branches from the
a. circumflexa scapulae. Furthermore, the suprascapular artery anastomoses with the a. circumflexa
scapulae medially at the collum scapulae and often also laterally along the suprascapular nerve. A distally

directed branch of the suprascapularis turns lateral

B i betwéen the supraspinatus and coracobrachialis

M e muscles to participate in the supply of the shoulder

/ joint, the proximal extremity of the humerus and

the muscles inserted there. It anastomoses with the
aa. circumflexae humeri.

R. acromialis

(Comparative: 55-58/6; cat: 59/26; sheep: 62/22;
ox: 63/22)

In carnivores and small ruminants the r. acro-
mialis takes its origin from the suprascapular
artery; in the ox it arises from the r. suprascapularis
and in the pig from the superficial cervical artery. It
curves round the cranial border of the supraspinatus

Fig. 59. Arteries of the left pectoral limb of a cat. Medial view.
(After Wissdorf, 1963. Study performed at the Institute of Veterinary
Anatomy, Hanover).

A scapula; A’ cartilago scapulae; B epicondylus medialis humeri; C radius; D
os metacarpale I
a m. subscapularis; b m. teres major; ¢ m. latissimus dorsi; d m. trapezius; e
m. omotransversarius; f m. cleidomastoideus, g m. cleidocervicalis, b m.
cleidobrachialis of the m. brachiocephalicus; i m. supraspinatus; k m.
infraspinatus; [ m. tensor fasciae antebrachii; m m. triceps brachii, caput
longum, 7 caput mediale; 0 m. biceps brachii; p m. pectoralis profundus; ¢
mm. pectorales superficiales; r m. flexor carpi ulnaris, caput ulnare, 7' caput
humerale, 7" its terminal tendon; s m. flexor digitalis superficialis; z m. flexor
digitalis profundus, caput humerale, ¢’ caput radiale, " caput ulnare; » m.
flexor carpi radialis; v m. pronator teres; w m. extensor carpi radialis; x m.
brachioradialis; y m. abductor pollicis longus
I a. axillaris; 2 a. thoracica externa; 3 a. thoracica lateralis; 4, 8 a. subscapu-
laris, 5 r. muscularis; 6 a. thoracodorsalis; 7 a. circumflexa humeri caudalis; 9
a. circumflexa scapulae; 10, 11, 12 terminal branches of the a. subscapularis;
13 a. brachialis; 13’ a. nutricia humeri; 74 a. circumflexa humeri cranialis; 75
a. profunda brachii; 16 a. collateralis ulnaris; 17 a. brachialis superficialis; 17"
a. bicipitalis; 17" a. antebrachialis superficialis cranialis; 78 a. transversa
cubiti; 18" a. profunda antebrachii; 79 a. interossea cranialis; 20 a. interossea
caudalis; 27 a. ulnaris; 21’ r. palmaris of the a. interossea caudalis; 22 a.
mediana; 23 a. radialis, 23’ r. palmaris superficialis, 23" r. carpeus dorsalis; 24
a. cervicalis superficialis, 25 r. praescapularis, 26 r. acromialis; 27 a. supra-
scapularis
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muscle, enters this muscle from lateral and
continues laterally over the neck of the scapula.
Here it anastomoses with branches from the supra-
scapular artery. No specific r. acromialis is present
in the horse.

A. subscapularis
(Comparative: 55-58/11; cat: 59/4, 8; pig: 61/2, 4;
sheep: 62/2, 5; ox: 63/3, 7; 64/3; horse: 65/3)

The a. subscapularis leaves the axillary artery in
the flexor region of the shoulder joint. It goes
between the subscapularis teres major muscles,
thence on the medial surface of the long head of the
biceps brachii muscle, and along the caudal border
of the scapula to the caudal angle of the scapula.
Immediately after its origin and while still within
the flexor region of the shoulder joint, it gives rise
caudodorsally to the a. thoracodorsalis. At about
the same level, but with slight species differences, it
gives off craniolaterally the 4. circumflexa humeri
cranialis and at the caudal border of the scapula in
the region of the nutrient foramen, the a. circum-
flexa scapulae arises from it. The a. circumflexa
bumeri cranialis of the dog may be given off the
subscapular artery prior to this. Along its course
the subscapular artery sends out muscular branches,
which are sometimes very stout, and which fork at
the caudal border of the scapula to enter the muscles
lying on either surface of the shoulder blade; the
lateral branches perforate the long head of the
triceps brachii muscle. Caudally directed offshoots
supply especially the long head. One of these
branches is fairly constant in all species and it runs

Fig. 60. Arteries of the left pectoral liml; of a dog, distal to the upper arm.
Medial view.
(After Zietzschmann, 1943.)

A humerus; B radius; C ulna; D os carpi accessorium

a m. triceps brachii; & m. brachiocephalicus; ¢ m. biceps brachii and m.
brachialis; d m. extensor carpi radialis; e m. pronator teres; f m. flexor carpi
radialis; g m. flexor digitalis profundus; b m. flexor digitalis superficialis
1 a. brachialis; 2 a. profunda brachii; 3 a. collateralis ulnaris; 4 a. brachialis
superficialis; 5 a. bicipitalis; 6 a. antebrachialis superficialis cranialis, r.
medialis, 7 r. lateralis; 8 a. digitalis dorsalis communis I; 9 a. digitalis dorsalis
1 axialis; 10 a. transversa cubiti; 77 rr. articulares; 12 a. profunda antebrachii;
13 a. interossea communis; 74 a. ulnaris; 75 a. recurrens ulnaris; 16 a.
interossea caudalis, 17 r. palmaris, 18 r. profundus, 19 r. superficialis; 20 a.
mediana; 27 a. radialis, 22 rr. carpei dorsales, 23 r. palmaris profundus, 24 r.
-palmaris superficialis; 25 arcus palmaris profundus; 26-29 aa. metacarpeae
palmares I-1V; 30-33 aa. digitales palmares communes I-IV; 34 rr. tori
metacarpei; 35 aa. interdigitales; 36 aa. digitales palmares propriae axiales; 37
aa. digitales palmares propriae abaxiales
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distally as a large vessel in the caudal third of that muscle parallel to the fibres. Terminal branches reach
the thomboideus muscle and go past the caudal angle of the scapula to the trapezius muscle.

A. thoracodorsalis
(Comparative: 55-58/13; cat: 59/6; pig: 61/3; sheep: 62/4; ox: 63/5; horse: 65/4;)

The a. thoracodorsalis is usually the first vessel to arise from the subscapular artery; it does so in a
caudodorsal direction. In carnivores, the goat and the ox it may also arise after the a. circumflexa humeri
caudalis or together with it at the same level. It crosses the teres major muscle medially and then,
accompanied by the thoracodorsal nerve, it runs along the medial surface of the latissimus dorsi muscle,
all the while repeatedly dividing into divergent branches. In addition to supplying the two muscles
mentioned, the thoracodorsal artery also provides branches to the Inn. axillares proprii and, in the dog,
also the Inn. axillaris accessorii. Branches also go to the deep pectoralis, the ventral serratus, the long
head of the triceps brachii and the tensor fasciae antebrachii muscles as well as to the cutaneus trunci
muscle and the fascia and skin caudal to the scapula.

A. circumflexa humeri caudalis
(Comparative: 55-58/12; cat: 59/7; pig: 61/6, 9; sheep: 62/3; ox: 63, 64/4; horse: 65/5)

Immediately after its origin from the subscapular artery the a. circumflexa humeri caudalis turns
laterally in the flexor region of the shoulder joint between the long head of the triceps brachii and the
brachialis muscles where it is accompanied by the corresponding vein and the axillary nerve. Shortly
after its origin it gives off the a. collateralis radialis (except in the horse) and anastomoses lateral to the
neck of the humerus with the a. circumflexa humeri cranialis. In the pig the caudal circumflex humeral
artery gives rise first to the a. suprascapularis, which has already been described, and then to the a.
circumflexa humeri cranialis. In carnivores, ruminants and the horse the latter is the last vessel to branch
from the axillary artery. Along its course the caudal circumflex humeral artery gives off branches to the
shoulder joint, to all neighbouring muscles and, once it attains the lateral side, to the infraspinatus and
deltoideus muscles. It finally anastomoses with a distal branch of the suprascapular artery.

A. collateralis radialis
(Comparative: 55-58/15; ox: 64/5; horse: 65/10; 66/4)

In carnivores, the pig and ruminants the a. collateralis radialis arises from the caudal circumflex
humeral artery on the caudal surface of the brachialis muscle. In the horse it originates much further
distally from the a. profunda brachii. While still caudal to the humerus it gives off the a. nutricia humeri
(except in the horse) and the 4. collateralis media which courses to the olecranon fossa to participate in
the formation of the rete articulare cubiti. The collateral radial artery accompanies the radial nerve
through the musculospiral groove (sulcus m. brachialis) and supplies branches to the neighbouring
muscles. Its terminal branches vascularize the craniolateral group of muscles on the forearm. The
collateral radial artery of pigs and ruminants also gives rise to the thin a. antebrachialis superficialis
cranialis; in carnivores this latter is the continuation of the a. brachialis superficialis and it does not occur
at all in the horse. It forms the point of origin for the dorsal superficial vessels of the toe.

A. circumflexa scapulae
(Comparative: 55-58/14; cat: 59/9; pig: 61/5; sheep: 62/7; ox: 63/6; horse: 65/6; 66/2)

The a. circumflexa scapulae originates from the subscapular artery in the ventral third of the shoulder
blade at the level of the for. nutricium scapulae which is situated on the caudal border. Here it gives off
the a. nutricia scapulae although this may arise independently from the subscapular artery. The
circumflex scapular artery divides at the caudal border of the shoulderblade into a lateral and a medial
branch, both of which can also arise independently from the subscapular artery. Their distribution is
like that of the muscular branches of the subscapular artery, which have already been described.
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A. circumflexa humeri cranialis
(Comparative: 55-58/16; cat: 59/14; pig: 61/8; sheep: 62/10; ox: 63/9; horse: 65/7)

The a. circumflexa humeri cranialis is the last vessel to arise from the axillary artery. However, this
is rarely the case in the pig because in this animal it usually originates from the a. circumflexa humeri
caudalis or it may, as it also may in the dog, arise from the subscapular artery. In the carnivores it takes
a cranially directed course over the medial aspect of the coracobrachialis muscle but in the other
domestic mammals it passes between the two parts of that muscle and only rarely does it lie directly
against the humerus. The cranial circumflex humeral artery supplies the humerus and the shoulder joint
and it contributes to the vascularization of the muscles attached in that region, especially the biceps
brachii. It anastomoses with the caudal circumflex humeral artery above the cranial surface of the
humerus and its proximally directed branches also unite with the suprascapular artery.

A. brachialis
(Comparative: 55-58/17; cat: 59/13; dog: 60/1 pig: 61/11 sheep: 62/9; ox: 63/8; horse: 65/8)

The a. brachialis is the continuation of the axillary artery distal to the shoulder joint. Transition into
the brachial artery occurs after the origination of the cranial circumflex humeral artery or, if the
circumflex vessel arises from another artery, from a similar position. The brachial artery takes a straight
course to the elbow joint and traverses the supracondylar foramen, in the cat in a craniodistal direction.
In so doing it crosses the distal half of the humerus medially and attains the cranial border of the
pronator teres muscle. After giving off the a. interossea communis, or the aa. interosseae in the cat, at the
level of the spatium interosseum antebrachii, the brachial artery becomes the a. mediana. Along its
course it gives rise in a caudal direction to the a. profunda brachii and subsequently the a. collateralis
ulnaris. In the cat, the latter vessel arises from the a. brachialis superficialis. In carnivores the superficial
brachial artery issues from the brachial artery in a cranial direction and at the elbow joint the a.
transversa cubiti is then given off the brachial artery in craniolateral direction. The 4. bicipitalis is given
off the brachial artery in a cranial direction proximal to the collateral ulnar artery in the dog, pig and
horse. In ruminants the bicipital artery originates distal to the collateral ulnar artery although not
infrequently it may spring from the transverse cubital artery. In the cat, and occasionally also in the dog,
it arises from the superficial brachial artery. The bicipital artery is a stout muscular vessel which enters
the distal half of the biceps brachii muscle and pervades it, especially in a proximal direction. Other
unnamed branches go to the neighbouring muscles, particularly to the coracobrachialis muscle, and to
the elbow joint. These vessels are particularly prominent in the carnivores where they are linked to the
a. recurrens ulnaris. The brachial artery of the horse gives rise to the a. nutricia humeri distal to the
bicipital artery.

A. profunda brachii
(Comparative: 55-58/18; cat: 59/15 dog: 60/2; pig: 61/12 sheep: 62/11 ox: 63/10 horse: 65/9)

The a. profunda brachii arises from the caudal aspect of the brachial artery at a point distal to the
tuberosity teres. It immediately divides into several stout divergent muscular branches which are
distributed, in company with branches of the radial nerve, in the triceps brachii muscle. In the horse it
also gives off the a. collateralis radialis, which has already been described and with which the deep
brachial artery of the other domestic mammals is linked.

A. collateralis ulnaris

(Comparative: 55-58/20; cat: 59/16; dog: 60/3; pig: 61/13; sheep: 62/12; ox: 63/11; 64/10; horse: 65/12
66/9)

The a. collateralis ulnaris leaves the brachial artery proximal to the medial condyle of the humerus
except in the cat. In the latter it originates from the superficial brachial artery because in this species the
brachial artery goes through the supracondylar foramen. The collateral ulnar artery runs along the



84

Arteries

Fig. 61.  Arteries of the left pectoral limb of a pig. Medial view.
(After Badawi, 1959, Diss. Hanover.)
A scapula; A’ cartilago scapulae; B epicondylus medialis humeri; C radius; D
carpus; E os metacarpale I1; F os metacarpale 111
am. latissimus dorsi; & m. teres major; ¢ m. subscapularis; d m. supraspinatus;
¢ m. subclavius; f m. pectoralis profundus; g m. brachiocephalicus; b m.
pectoralis descendens; i m. biceps brachii; k m. coracobrachialis; [ m. triceps
brachii, caput mediale, m caput longum; n m. tensor fasciae antebrachii; o m.
flexor carpi ulnaris, caput humerale; p m. flexor digitalis profundus, caput
ulnare, p’ caput humerale, lateral part, p" medial part, p™deep flexor tendon; ¢
m. flexor digitalis superficialis, ¢° its tendon; r m. flexor carpi radialis; s m.
pronator teres; ¢ m, brachialis; ¢' m. supinator; « m. extensor carpi radialis; v
tendon of i insertion of the m. abdu\,mr pollicis longus; = common tendon of
them, ligitali is, w" its terminal limb for the second toe, w"
its terminal limb for the third toe; x lig. collaterale laterale longum of the
carpal joint

1 a. axillaris (displaced caudally in the drawing); 2, 4, a. subscapularis; 3 a.
thoracodorsalis, 3" r. ¢ ; 5 a. circumfl pulae; 6, 9 a. circ
humeri caudalis; 7 a. suprascapularis; & a. circumflexa humeri cranialis; 10 rr.
articularis and muscularis; /1 a. brachialis, 11’ r. muscularis; /1" a. bicipitalis;
11™a. profunda antebrachii; 12 a. profunda brachii; 13 a. collateralis ulnaris;
14 a. transversa cubiti; /5 a. antebrachialis cranialis superficialis; 16 a.
interossea communis; 17 a. mediana, /7, 17" r. anastomoticus; 18 a. radialis,
18" r. carpeus dorsalis, 18" r. palmaris profundus, 18" r. palmaris super-
ficialis; /9 a. metacarpea dorsalis 11

ventral border of the medial head of the triceps brachii muscle in the direction of the olecranon,
accompanying the ulnar nerve en route. Together with this nerve it reaches the ulnar groove and, except
in carnivores, it follows this in the direction of the carpus. Here it gives off the r. carpeus dorsalis and,
except in the horse, the r. carpeus palmaris to the dorsal and palmar articular network respectively. In
the pig and ruminant it then anastomoses with the 7. palmaris of the a. interossea and with the same
ramus of the a. mediana in the horse. While still in the upper arm region the collateral ulnar artery gives
off muscular branches to the triceps brachii, the tensor fasciae antebrachii and the pectoralis transversus
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muscles. Thereafter it contributes to the formation of the rete articulare cubiti and in the lower arm to
the supply of the flexors of the carpal and toe joints. In ruminants and the horse the r. carpeus dorsalis
gives rise to a slender r. dorsalis; this branch arises from the a. #lnaris in carnivores. In the ox it
continues into the very small dorsal common artery of the third toe and in the horse it accompanies the
equally small ». dorsalis of the ulnar nerve.

A. brachialis superficialis
(Comparative: 55-58/21; cat: 59/17; dog: 60/4)

An a. brachialis superficialis is present only in
carnivores in which species it arises proximal to
the elbow from the medial aspect of the brachial
artery. In the cat it immediately gives off the a.
collateralis ulnaris and subsequently in this
animal, and sometimes also in the dog, the 4.
bicipitalis which has already been described as a
branch of the brachial artery. The superficial
brachial artery crosses in a craniodistal direction
the distal end of the biceps brachii muscle, medial
and parallel to the vein of the same name. This
vein anastomoses here with the v. mediana cubiti.
The aa. radiales superficiales are then given off and
they accompany branches of the n. cutaneus
antebrachii on the fascia of the lower arm in the
depression between the radius and the m. extensor
carpi radialis. These superficial radial arteries
finally terminate in the r. carpeus dorsalis of the
radial artery. Distal to the elbow joint the super-
ficial brachial artery becomes the cranial super-
ficial antebrachial artery.

Fig. 62 Arteries of the left pectoral limb of a sheep. Medial view.
(After Wissdorf, 1961, Diss., Hanover.)

A scapula; A’ cartilago scapulae; B epicondylus medialis humeri; C radius;
D os metacarpale III + IV; E In. cervicalis superficialis

a m. subscapularis; b m. teres major; ¢ m. latissimus dorsi; d m. trapezius; e
m. omotransversarius; f m. supraspinatus; g m. coracobrachialis; b m.
triceps brachii, caput longum, b’ caput mediale; i m. tensor fasciae
antebrachii; & m. pectoralis profundus; / m. biceps brachii; m m. brachialis;
n m. flexor digitalis profundus, caput ulnare, n’ caput radiale, »” deep
flexor tendon; o m. extensor carpi radialis; p m. pronator teres; g m. flexor
carpi radialis; r m. flexor carpi ulnaris, r’ caput humerale, " caput ulnare; s
m. abductor pollicis longus; ¢ palmar supplementary band of the medial
collateral ligaments; # m. interosseus medius; v tendon of the m. extensor

digiti IIT proprius
1 a. axillaris; 2, 5 a. subscapularis; 3 a. circumflexa humeri caudalis; 4 a.
thoracodorsalis, 4’ r. muscularis to the m. pectoralis profundus; 5/, 5", 6 r.
musculares; 7 a. circumflexa scapulae; 7' a. nutricia scapulae; 8 branches of
the a. scapularis dorsalis; 9 a. brachialis; 10 a. circumflexa humeri cranialis;
11 a. profunda brachii; 12 a. collateralis ulnaris, 72’ r. cutaneus; 13 a.
transversa cubiti; 14 a. bicipitalis; 75 a. interossea communis; 15’ a.
profunda antebrachii; 76 a. mediana; 17 a. digitalis palmaris communis I1I;
18 a. radialis, 18’ r. carpeus dorsalis, 18" r. palmaris profundus, 78"'r.
palmaris superficialis; 79 a. digitalis palmaris communis 1I; 20 a. cervicalis
superficialis, 27 r. praescapularis, 22 r. acromialis; 23 a. suprascapularis
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A. antebrachialis superficialis cranialis

(Comparative: 55-58/22; cat: 59/17"; dog: 60/6;
71/1, 1'; pig: 61/15; 72/1; ox: 73/1)

This artery, which in carnivores is the
continuation of the superficial brachial artery, in
the pig and ruminant arises as a delicate vessel
springing from the collateral radial artery. In the
cat it runs distad with the r. lateralis of the r.
superficialis of the radial nerve, joining with the r.
dorsalis of the ulna artery in the metacarpal region
and forming the arcus dorsalis superficialis. From
this arch arise the aa. digitalis dorsales communes
I-1V and the a. digitalis dorsalis I abaxialis.

Fig. 63. Arteries of the left pectoral limb of an ox. Medial view.
(After Badawi and Wilkens, 1961, study performed at the Institute for
Veterinary Anatomy, Hanover.)

A scapula; A’ cartilago scapulae; B epicondylus medialis humeri; C radius;
D os metacarpale III + IV; E In. cervicalis superficialis
a m. subscapularis; b m. teres major; ¢ m. latissimus dorsi;  m. trapezius; e
m. omotransversarius; f m. brachiocephalicus; g m. supraspinatus; b, b’ m.
coracobrachialis; 7 m. triceps brachii, caput longum, i’ caput mediale; & m.
tensor fasciae antebrachii; / m. biceps brachii; m m. brachialis; » mm.
pectorales superficiales; 0 m. extensor carpi radialis; p m. abductor pollicis
longus; ¢ m. pronator teres; » m. flexor carpi radialis; s m. flexor carpi
ulnaris, s’ caput humerale, s” caput ulnare; ¢t m. flexor digitalis superficialis,
t' superficial flexor tendon; » m. flexor digitalis profundus, caput humera-
le, u’ caput radiale, #" caput ulnare, »"'deep flexor tendon; v m. interosseus
medius, medial branch; w tendon of the m. extensor digiti III proprius

1 a. axillaris (displaced caudally); 2, 2’, 2" a. suprascapularis; 3, 7 a.
subscapularis; 4 a. circumflexa humeri caudalis; 4’ a. collateralis radialis; 5
a. thoracodorsalis, 5’ r. muscularis for the m. pectoralis profundus; 6 a.
circumflexa humeri scapulae; 8 a. brachialis, 8’, 8" rr. r lares; 9 a.
circumflexa humeri cranialis; 70 a. profunda brachii; 11 a. collateralis
ulnaris; 12 a. bicipitalis and a. transversa cubiti; 13 a. interossea communis;
14 a. mediana; 14’ a. profunda antebrachii; 15 a. digitalis palmaris
communis III; 75" lateral part of the arcus palmaris superficialis; 16 a.
radialis, 16" r. carpeus dorsalis, 16” r. palmaris profundus, 16”'r. palmaris
superficialis, 16(™Y) r. anastomoticus with the a. metacarpea palmaris II; 17
medial part of the arcus palmaris superficialis with connection to the a.
metacarpea palmaris II; 78 a. digitalis palmaris communis II; 18’ aa.
digitales palmares propriae; 19 a. cervicalis superficialis, 20 r. ascendens, 21
r. praescapularis, 22 r. suprascapularis with r. acromialis, 23 r. deltoideus
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In the dog the a. antebrachialis superficialis cra-
nialis divides proximal to the m. extensor carpi
radialis into a lateral and a medial branch which
accompany respective branches of the r. super-
ficialis of the radial nerve in the lower arm region.
The medial branch continues at the metacarpus
into the a. digitalis dorsalis communis I while the
lateral branch gives off the aa. digitales dorsales
communes II-IV. In the pig the a. antebrachialis
superficialis cranialis gives rise to the delicate a.
digitalis dorsalis communis I1I or, sometimes, to
the a. digitalis dorsalis communis I1. In ruminants,
on the other hand, the thin aa. digitales dorsales
communes 11 and 111 arise from it.

Fig. 64.  Arteries of the left pectoral limb of an ox. Lateral view.
(After Badawi and Wilkens, 1961, study performed at the Institute for
Veterinary Anatomy, Hanover.)

A spina scapulae; A’ :anilago scapulae; B tuberculum majus humeri; C
radius; C* ulna; D os rru:tan:zrpale I+ v

a m. supraspi pmly d; b m. infrasp , ¥ 1 down to
its tendon; b' don; ¢ m. delwid distal stump; d m. teres
minor, distal stump; e m. brachiocephalicus; f m. triceps brachii, caput
longum, f* caput laterale; g m. tensor fasciae antebrachii; b m. latissimus
dorsiz i m. brachialis; & m. carpi radialis; [ m. abductor pollicis
longus; m m. digirali is; m" terminal tendon of the m.
extensor digiti 111 proprlus: m u'rrllln:.l tendon Df 1h¢ m. extensor digiti 111
and IV; n m. lis, n* don; o m.

carpi ulnaris, proxlmal smmp,p m. flexor carpi ulnaris; ¢ m. flexor digiralis
superficialis, ¢' superficial flexor tendon; r m. flexor digitalis profundus,
caput humerale, r'caput ulnare, r" deep flexor tendon; s m. interosseus

medius

1, 2 rr. musculares of the a. suprascapularis; 3 a. subscapularis; 4 a.
circumflexa humeri caudalis; § a. collateralis radialis; 5' a. collateralis
media; 6, 6 a. transversa cubiti, 6" r. anastomoticus; 7 a. interossea
cranialis, 7° rr. musculares; 8 branches of the r. carpeus dorsalis of the a.
interossea cranialis; 8' superficial branch with connection to the a. metacar-
pea dorsalis 111; 9 rr. musculares of the a. interossea communis; 10 a.
collateralis ulnaris; /1 r. superficialis, /1 lateral branch of the r. palmaris;
12 lateral part of the arcus palmaris superficialis; 13 a. digitas palmaris
is IV; /4 a. mediana; /5 a. digitalis palmaris c is 111
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A. transversa cubiti

(Comparative: 55-58/23; cat: 59/18; dog: 60/10;
pig: 61/14; sheep: 62/13; ox: 63/12; 64/6, 6';
horse: 65/13; 66/5)

The a. transversa cubiti arises from the
brachial artery proximal to the trochlea of the
humerus. It immediately bends laterally, lying
close against the humerus, and supplies the elbow
joint. Below the extensors of the carpal and toe
joints it reaches the deep branches of the radial
nerve and supplies the above-mentioned extensor

Fig. 65. Arteries of the left pectoral limb of a horse. Medial view.
(Redrawn after Ellenberger and Baum, 1932.)

A scapula; A’ cartilago scapulae; B epicondylus medialis humeri; C radius;
D os metacarpale IIT
a m. subclavius; & m. pectoralis profundus; ¢ m. supraspinatus; d m.
subscapularis; e m. teres major; f m. latissimus dorsi; g m. biceps brachii; b
m. coracobrachialis; i m. triceps brachii, caput mediale, & caput longum; /
m. tensor fasciae antebrachii; 7 m. brachialis; # m. extensor carpi radialis;
o m. abductor pollicis longus; p m. flexor carpi radialis; ¢ m. flexor carpi
ulnaris; » m. flexor digitalis profundus, 7' caput ulnare; s m. flexor digitalis
superficiales; ¢ m. interosseus medius

1 a. axillaris; 2 a. suprascapularis; 3 a. subscapularis; 4 a. thoracodorsalis; 5
a. circumflexa humeri caudalis; 6 a. circumflexa scapulae; 7 a. circumflexa
humeri cranialis; 8 a. brachialis; 9 a. profunda brachii; 70 a. collateralis
radialis; 77 a. bicipitalis; 12 a. collateralis ulnaris; 13 a. transversa cubiti; 14
a. interossea communis; 15 a. mediana; /6 a. profunda antebrachii; 17 a.
radialis proximalis; 78 a. radialis, 79 r. palmaris profundus; 20 r. palmaris;
21 a. digitalis palmaris communis II; 22 a. digitalis palmaris (propria III)
medialis; 23 r. dorsalis phalangis proximalis; 24 r. tori digitalis; 25 a.
coronalis; 26 origin of the a. digitalis palmaris (propria III) lateralis in the
absence of the a. digitalis palmaris communis III; 27 a. metacarpea dorsalis
II
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muscles in company with these nerves. Before it
terminates, vessels are also given off to supply the
biceps brachii, brachialis, cleidobrachialis and
pectoralis descendens muscles. In ruminants the a.
bicipitalis sometimes also springs from the trans-
vere cubital artery (see p. 83). Caudolaterally the
transverse cubital artery anastomoses with the 4.
interossea cranialis. In its further distal course,
lying close to the radius and crossing under the m.
abductor pollicis longus, it reaches the rete carpi
dorsale in all species except carnivores,

Fig. 66. Arteries of the left pectoral limb of a horse. Lateral view.
(Redrawn after Ellenberger and Baum, 1932.)

a m. subclavius; b m. supraspinatus; ¢ m. infraspinatus; d m. deltoideus; e
m. teres minor; f m. brachiocephalicus; g m. triceps brachii, caput longum,
b caput laterale; i m. tensor fasciae antebrachii; £ m. brachialis; / m.
extensor carpi radialis; m m. extensor digitalis communis; # m. extensor
digitalis lateralis; o m. extensor carpi ulnaris; p m. abductor pollicis longus;
g m. flexor digitalis profundus, ¢’ caput ulnare; r m. flexor digitalis
superficialis; s m. interosseus medius
1 a. suprascapularis with n. suprascapularis; 2 branches of the a. circum-
flexa scapulae; 3 a. circumflexa humeri caudalis with n. axillaris, which
gives off the n. cutaneus antebrachii cranialis; 4 a. collateralis radialis with
n. radialis; 5 a. transversa cubiti with 5’ connecting branch to the rete carpi
dorsale; 6 a. interossea cranialis; 7 a. recurrens interossea; § r. carpeus
dorsalis of the a. interossea cranialis; 9 r. carpeus dorsalis of the a.
collateralis ulnaris with r. dorsalis of the n. ulnaris; 10 rete carpi dorsale; 11
a. metacarpea dorsalis IIT; 12 r. perforans distalis III; 13 junction of the aa.
metacarpgae palmares with the aa. digitales palmares communes; 14 a.
digitalis palmaris communis III with n. digitalis palmaris communis III; 75
a. digitalis palmaris (propria I11) lateralis with n. digitalis palmaris (proprius
III) lateralis; 16 r. dorsalis phalangis proximalis with r. dorsalis of the n.
digitalis palmaris lateralis
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A. interossea communis
(Comparative: 55-58/25; dog: 60/13; pig: 61/16; sheep: 62/15; ox: 63/13; horse: 65/14)

The a. interossea communis is the last vessel to leave the brachial artery before this becomes the
median artery. It thus arises distal to the elbow joint in the region of the medial collateral ligament
where, except in the horse, it is covered medially by the m. pronator teres. The common interosseous
artery is absent in the cat but in its stead the 4. interossea cranialis arises at the same site and, somewhat
distal to it, the a. interossea caudalis originates. The common interosseous artery runs caudolaterally to
the spatium interosseum antebrachii and then curves distad, dividing shortly afterwards into the a.
interossea cranialis and the a. interossea candalis. In addition to giving off branches to the elbow joint,
the pronators and supinators, in the dog the common interosseous artery also gives off the a. #lnaris. It
depends on the species whether the aa. nutriciae for the radius and ulna originate from the a. interossea
communis, its branches or the a. recurrens interossea.

A. interossea cranialis
(Comparative: 55-58/27; 71-74/14; cat:59/19: ox: 64/7; horse: 66/6)

The a. interossea cranialis arises as a result of the division of the common interosseous artery. In the
cat it may originate independently from the brachial artery. The cranial interosseous artery perforates
the membrana interossea antebrachii and runs along it in a cranial direction towards the carpus. It is
developed best in ruminants and most poorly in carnivores. In all domestic animals, shortly after it
traverses the spatium interosseum antebrachii proximale, it gives off the a. recurrens interossea which is
proximally directed and runs to the rete articulare cubiti. Here the cranial interosseous artery also
anastomoses with the deep, caudally-directed branch of the a. transversea cubiti and gives off vessels to
the extensors of the toe and the extensor carpi ulnaris muscle and, further distally, to the m. abductor
policis longus. Except in the horse, the cranial interosseous artery is connected through the spatium
interosseuum antebrachii distale via the r. interosseons with the a. interossea caudalis and together with
the 7. carpeus dorsalis it branches further and joins the rete carpi dorsale. In carnivores and the pig, in
which species the distal part of the cranial interosseous artery is only weakly developed or may even be
absent, the 7. carpeus dorsalis, which is situated dorsal to the carpus, forms the continuation of the r.
interosseous. The latter is invariably present but in carnivores and pigs it arises from the a. interossea
caudalis.

A. interossea caudalis
(Comparative: 55-58/28; cat: 59/20; dog: 60, 67/16; pig: 68/16)

Only in the cat does the a. interossea caudalis arise from the brachial artery distal to the cranial
interosseous artery. In the other domestic mammals it is the continuation of the a. interossea communis
and it runs on the caudal surface of the membrana interossea antebrachii, being covered caudally in
carnivores by the m. pronator quadratus. In carnivores and the pig it is joined through the spatium
interosseum distale to the cranial interosseous artery by means of ther. interosseous. In these species the
caudal interosseous artery is a stout vessel but in ruminants and the horse it is only slender and ramifies
in the periosteum of the radius and ulna. In ruminants it not infrequently attains the r. interosseus. In
the horse it sometimes connects with the r. carpeus palmaris of the collateral ulna artery. In the cat the
caudal interosseous artery gives off the a. ulnaris, shortly after its origin, and in carnivores it supplies
several branches, through the interosseous space, to the abductor pollicis longus muscle. In carnivores
and pigs the 7. carpeus palmaris to the palmar articular network stems from the a. interossea caudalis
after its union with the r. interosseus. In ruminants it arises from the interosseus ramus itself. The caudal
interosseous artery of carnivores and pigs and the r. interosseus of the ox, continue thereafter as the r.
palmaris. Since in the horse, by virtue of the absence of a distal interosseous space, there is no
interosseous ramus, the r. palmaris originates from the median artery. The r. palmaris runs in a
caudomedial direction but medial to the accessory carpal bone and deep over the carpus. In so doing it
receives the ulnar artery in carnivores and the collateral ulnar artery in the pig and ruminants. Distal to
the carpus the r. palmaris divides into ar. profundus and ar. superficialis. Ther. profundus, running in a
transverse direction close to the bone, forms, together with the r. profundus of the radial artery, the
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arcus palmaris profundus from which the aa. metacarpeae palmares originate. The r. superficialis, which
is usually lacking in the horse, participates in the formation of the arcus palmaris superficialis from
which arise the palmar arteries of the toes.

A. ulnaris
(Comparative: 55-58/26; cat: 59/21; dog: 60/14; 67/9)

The a. ulnaris is peculiar to the carnivores. In the dog it arises from the common interosseous artery
and in the cat somewhat more distally from the caudal interosseous artery as it branches from the
brachial artery. The ulnar artery runs in caudodistal direction between the humeral head of the deep
flexors of the toe and the ulna to reach the ulnar nerve. Here it is linked, by means of the proximally
directed a. recurrens ulnaris, with the collateral ulnar artery. The ulnar artery is relatively a stouter
vessel than the collateral ulnar artery of the pig, horse and ruminants. Within the ulnar groove it
accompanies the ulnar nerve to the carpus where it terminates in the r. palmaris of the interosseous
artery. Before this and proximal to the accessory carpal bone, it gives off the dorsal ramus which curves
laterally round the distal end of the ulna to reach the carpus dorsally and, in the cat, it participates in the
formation of the dorsal arch. In the dog it continues as the abaxial artery of the fifth digit. Subsequently

it gives off the 7. carpeus dorsalis and the r. carpeus palmaris to the dorsal and the palmar articular
networks of the carpus respectively.

A. mediana

(Comparative: 55-58/35; 67-70/22; cat: 59/22; dog: 60/20; pig: 61/17; sheep: 62/16; ox: 63, 64/14;
horse: 65/15)

After giving rise to the common interosseous artery or, in the cat, the caudal interosseous artery, the
brachial artery continues as the a. mediana. In company with the vein of the same name and with the
median nerve, it runs caudomedially along the radius in a distal direction where it is covered by the belly
of the flexor carpi radialis muscle. In the groove between the tendon of the deep and superficial flexors
of the toes or the deep part of the superficial flexors in pigs and ruminants, it continues over the flexor
aspect of the carpal joint to the metacarpal region. Here it contributes, with some modifications in the
different species, to the formation of the arcus palmaris superficialis, from which originate the palmar
arteries of the toes. Along its course the median artery gives rise to a number of vessels: — shortly after its
origin, the a. profunda antebrachii originates; distal to the insertion of the m. pronator teres, but at
different levels in different species, the a. radialis is given off; in the horse only, the a. radialis proximalis
arises by a separate origin from the 4. mediana before the origin of the radial artery. Also in the horse,
the median artery gives off, a little proximal to the carpus, the r. palmaris. In other domestic mammals
the r. palmaris springs from the a. interossea caudalis, a vessel which is only rudimentary in the horse,
but apart from this more superficial origin the equine r. palmaris corresponds to the same ramus of the
other animals. Its r. profundus unites with that of the a. radialis to form the arcus palmaris profundus. Its
7. superficialis is only rarely developed but, when present, it accompanies the . communicans of the n.
digitalis palmaris communis II and contributes to the arcus palmaris superficialis.

A. profunda antebrachii
(Comparative: 55-58/36; cat: 59/18'; dog: 60/12; pig: 61/11'"; sheep: 62/15'; ox: 63/14'; horse: 65/16)

‘Stout muscular branches arise from the first part of the median artery and often they have a common
origin. In some species some of these may have already originated from the end of the brachial artery,
the common interosseous or the caudal interosseous arteries. These vessels are collectively named the a.

profunda antebrachii. They vascularize the flexors of the carpal and toe joints and run distally in these
muscles.
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A. radialis
(Comparative: 55-58/37, 37'; 67-70/23; cat: 59/23; dog: 60/21; pig: 61/18; sheep: 62/18; ox: 63/16;
horse: 65/17, 18; 70/23")

The a. radialis stems from the median artery. In the dog and pig the site of origin is located in the
proximal-, in ruminants in the middle-, and in the cat and horse in the distal-third of the lower arm. In
the horse there is first the small a. radialis proximalis and then, immediately proximal to the
antebrachiocarpal joint, the a. radialis. Except in the cat and horse, the radial artery runs caudomedially
to the median artery along the caudomedial edge of the radius. Immediately proximal to the carpus it
gives rise to the r. carpeus dorsalis, which contributes to the formation of the rete carpi dorsale, and the
7. carpens palmaris, which goes to the palmar articular network. The radial artery then reaches the
retinaculum flexorum in a palmar position. Along the medial insertion of the latter the radial artery
crosses the carpus and divides proximally on the metacarpus into the r. palmaris profundus and the r.
palmaris superficialis. In the distal third of the lower arm of the cat the radial artery takes over the
function of the median artery which continues only as a slender vessel accompanying the median nerve.
Immediately proximal to the antebrachiocarpal joint of the cat, the stout r. carpeus dorsalis of the r.
radialis takes over as a direct continuation of the radial artery to the dorsal surface of the carpus. Ther.
carpeus palmaris goes, as in other domestic mammals, to the palmar articular network. The two terminal
branches of the radial artery, the r. palmaris profundus and the r. palmaris superficialis, are only poorly
developed. The r. carpeus dorsalis of the cat runs through the rete carpi dorsale and is continued directly
by the a. metacarpea dorsalis II and its r. perforans proximalis. In the horse the slender r. carpeus dorsalis
and the r. carpeus palmaris do not come off the radial artery but arise by an independent common stem,
the a. radialis proximalis. Therefore the radial artery, which arises far distally, divides immediately into
the deep and superficial palmar branches. In all domestic mammals the r. palmaris profundus is laterally
directed lying proximally against the metacarpal bones and it participates in the formation of the deep
palmar arch. The r. palmaris superficialis participates in the formation of the arcus palmaris superficialis
but in ruminants and particularly in the horse, it may terminate in the median artery after only a short
distance.

Comparative topography and nomenclature of the blood vessels

of the autopodium
(Comparative: 55-58; 67-74; 105-108; 115-122; 156—-159; 167-174; 190-193; 198-205)

Among the domestic mammals only in the dog are the blood vessels of the foot almost completely
developed. As animals have changed their method of locomotion from one in which weight is born on
the sole of the foot, to one in which it is born on the toe and on the point of the toe, there has been a
concomitant regression of the pedal digits, a remodelling of both the active and passive locomotor
apparatus and an associated reorganization of the vessels and nerves. Yet, despite such striking pedal
specialization as has occurred, for example in the horse, the blood vessels still fit the scheme of the
five-toes foot. There is thus a basis for a uniform homologous terminology. However, no allowance is
made in such a scheme for the varying calibres of homologous vessels or for their functional importance
in individual species.

The blood supply to the foot, the autopodium, is from the zeugopodium via cranial and caudal
vessels. The participation of these vessels varies according to species because they have had to adapt to
the phylogenetic differentiation of the passive and active locomotor apparatus. These vessels reach the
basipodium and the proximal region of the metapodium. By means of interconnected deep and
superficial branches they form the origin of the palmar, plantar, dorsal, deep and superficially located
vessels of the metapodium.

Deep vessels of the metapodium

The linkage of the deep branches results in palmar and plantar, transversely-directed anastomoses
which lie against the proximal extremities of the metacarpal or metatarsal bones and are known as the
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arcus palmaris profundus and arcus plantaris profundus respectively. From these arches arise the aa.
(vv.) metacarpeae palmares and aa. (vv.) metatarseae plantares which run in a distal direction in palmar
or plantar position in the groove between the neighbouring metacarpal or metatarsal bones. Depending
on the number of digits present, there can be a maximum of four such vessels and they are identified as
I-IV in the same direction as the toes themselves.

In the forefoot the dorsal connection of the deep vessels occurs at the carpus by means of net-like
anastomoses, the dorsal articular network (rete carpi dorsale). From it arise the aa. (vv.) metacarpeae
dorsale I-1I which run dorsally in the groove between the neighbouring metacarpal bones. In the hind
foot there is only a venous dorsal connection of the deep branches, and this is situated proximally on the
metatarsus. There is no arterial arch since the transverse vessel is linked to only one deep branch and this
link occurs solely in the dog in which it is known as the 4. arcuata. The vessels continuing distal are the
aa. and vv. metatarseae dorsales I-IV.

The palmar and plantar as well as the dorsal metacarpal and metatarsal vessels terminate in the

superficially situated common vessels of the toe which have still to be discussed. In so doing, vessels
designated by the same number are usually connected to each other. But since the terminal parts of both
the palmar and plantar metacarpal and metatarsal vessels are frequently interconnected, forming on the
venous side the arcus palmaris or plantaris profundus distalis, there results a common termination into
the common palmar or plantar vessels of the toe. The palmar and plantar dorsal metacarpal and
metatarsal vessels of the same number are connected proximally and distally between the neighbouring
metacarpal or metatarsal bones by the r. perforans proximalis and the r. perforans distalis. These
perforating rami are identified by the same numbers as those of the vessels they link. In the basipodium
of the pelvic limb there is also a proximal a. (v.) tarsea perforans proximalis and a distal a. (v.) tarsea
perforans distalis between the dorsal and plantar deep vessels. While both these are represented in the
pig, the ruminants and the horse have only the distal connection and neither are present in carnivores.
The deep vessels of the metapodium supply the central parts, the specialized toe muscles of that region
and, in particular, the metacarpophalangeal joints.

Superficial vessels of the metapodium

The superficial branches of the vessels from the zeugopodium continue distal in the region of the
metapodium as the deep branches. On the plantar (or palmar) and dorsal surfaces they are not only
interconnected themselves but they are linked to the arcus palmaris or plantaris superficialis and the arcus
dorsalis superficialis. If the superficial arch is missing, as happens particularly on the dorsal surface, then
the superficial branches continue independently towards the toe. The common digital arteries arise
directly from the superficial arches or the superficial branches. In the metapodium these digital arteries
also run in the space between two neighbouring digits but, unlike the metacarpal and metatarsal vessels,
they are superficially situated adjacent to the tendons leading to the distal phalanx. The vessels of the
palmar and plantar side are the aa. (vv.) digitales palmares and plantares communes I-IV and,
peripherally, the aa. (vv.) digitales palmares or plantares abaxiales I and V. On the dorsal side occur the
aa. (vv.) digitales dorsales communes I-IV and peripherally the aa. (vv.) digitales dorsales abaxiales 1
and V. The termination of the metacarpal and metatarsal vessels in the common digital vessels on the
distal part of the metapodium has already been described.

The superficial vessels of the metapodium vascularize the peripheral parts, including the metacarpal
and metatarsal pads.

Vessels of the acropodium

Between the metacarpo- and metatarso-phalangeal joints and the middle of the proximal phalanx,
each of the palmar or plantar and each dorsal common digital artery and vein divides into two vessels,
the aa. (vv.) digitales propriae. The vessels supply and drain the two neighbouring toes. In the typical
case, therefore, each toe receives for each quadrant one arterial and one venous blood vessel. The
previously-mentioned aa. (vv.) digitales abaxiales continue peripherally on the first and fifth toes. For
the complete identification of each of these vessels the names aa. and vv. digitales propriae are
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supplemented by the terms palmar, plantar or dorsal and the numerical suffices I (prima), II (secunda),
II (tertia), IV (quarta), V (quinta). Consideration is also given to the concepts axial and abaxial to
indicate whether the toe edges are turned towards or away from the foot axis. The abaxial vessels of the
first and fifth toes which do not originate from the common digital vessels are not designated
“propriae”. The vessels of the third toe are listed below as an example:

a. (v.) digitalis palmaris/plantaris propria III abaxilis
a. (v.) digitalis palmaris/plantaris propria III axialis
a. (v.) digitalis dorsalis propria III abaxialis

a. (v.) digitalis dorsalis propria III axialis

Since in the horse only the third toe is developed, the terms axial and abaxial are replaced by lateral
and medial. It is also unnecessary to use the designation “propria III” in this species.

As the common digital vessels divide into the proper ones, those having the same numbers are linked
through the interdigital space by the aa. (vv.) interdigitales I, II, IIT and IV. These interdigital vessels
may also be situated on the proximal part of the proper digital vessels. At about the middle of each
phalanx each of the palmar or plantar proper digital vessels give off branches to the palmar or plantar
surfaces respectively, these branches being the r. palmaris or plantaris phalangis proximalis, mediae and
distalis as well as the dorsally directed branches known as the r. dorsalis phalangis proximalis, mediae
and distalis. The origin of these branches can be located on either the common digital or the interdigital
vessels in the region of the proximal phalanx. The rr. palmares or plantares of the same toe anastomose
in the region of each phalanx with one another and the rr. dorsales are linked to the dorsal proper digital
vessels which have the same numerical designation. Furthermore, each palmar and plantar proper digital
vessel gives off at varying levels a r. tori digitalis vascularizing the appropriate pad (torus digitalis). They
anastomose within the pads. From this branch, or sometimes from the r. dorsalis phalangis mediae,
arises a vessel which goes to the coronary cushion, the a. (v.) coronalis. The terminal branches of the
palmar and plantar proper vessels of each toe unite in a channel on the distal phalanx and form the arcus
terminalis. Furthermore, the proper digital vessels also give off branches to all the central and peripheral
parts of the toes and these are freely linked in anastomoses, especially in the hoofs or claws.

Arteries of the forefoot of carnivores

Palmar arteries
(cat: 59/21', 22, 23'; dog: 55; 60/17-20, 23-37; 67; 92)

In carnivores the arcus palmaris profundus is formed by the r. palmaris profundus of the radial artery
and the r. profundus of the palmar branch of the caudal interosseous artery. In the cat these rami are
only slender and the main tributary to this arch is from the dorsal side, via the . perforans proximalis I1.
The deep palmar arch gives rise to the aa. metacarpeae palmares I-IV. which are especially prominent in
the cat. The rr. perforantes proximales connect the palmar with the dorsal metacarpal arteries. The
palmar and dorsal metacarpal arteries are linked by the rr. perforantes proximales of which the cat has
only one, the r. perforans proximalis I1. In the dog these arteries are also linked by the rr. perforantes
distales, while in the cat, where there is only a rudimentary dorsal metacarpal artery, the distal
perforating ramus connects with the dorsal common digital artery instead. Distal to the metacarpus the
palmar metacarpal artery unites with that palmar common digital artery which has the same number.

The arcus palmaris superficialis is formed by the r. palmaris superficialis of the radial artery and by
the r. superficialis of the palmar ramus of the caudal interosseous artery. The median artery, which
terminates in the arch, also contributes to its blood supply. In the cat the tributaries to this superficial
arch are slender and sometimes even the arch itself may be lacking. The superficial palmar arch gives rise
to the aa. digitales palmares communes I-IV and the a. digitalis palmaris V abaxialis and in the cat also
to the a. digitalis palmaris I abaxialis. If this arch is absent, as is sometimes the case in cats, then the
superficial palmar ramus of the radial artery is continued in the second palmar common digital artery,
the median artery is continued in the third, and the r. superficialis of the palmar ramus of the caudal
interosseous artery in the fourth palmar common digital artery and in the palmar abaxial artery of the
fifth toe. In such cases the first toe receives its arterial supply from the deep arteries only. All the aa.
interdigitales are fully developed in carnivores and they form the link between the palmar and dorsal
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common digital arteries of the same number in the region where the latter divide. The aa. digitales
palmares are all present and arise from the point of division of the aa. digitales palmares communes,
which in the cat acquire a substantial calibre only after they receive the aa. metacarpeae palmares. This,
then, is the main blood supply from the dorsal side to the deep palmar arteries and from these via the
terminal sections of the superficial arteries to the proper digital arteries.

Dorsal arteries
(cat: 59/17", 19, 23"; dog: 55; 60/6-9, 22; 71; 92)

The rete carpi dorsale is formed by the three dorsal carpal rami of the radial artery, of the
interosseous ramus of the caudal interosseous artery and of the ulnar artery. This network is the source
of the aa. metacarpeae dorsales I-I'V which, in the cat, are only rudimentary and do not terminate in the
aa. digitales dorsales communes. On the other hand, the first part of the a. metacarpea dorsalis II is a
stout vessel in the cat and it represents the immediate continuation of the large r. carpeus dorsalis of the
radial artery which traverses the dorsal carpal network. The deep palmar arch is supplied via the r.
perforans proximalis I1. As already mentioned, the remaining rr. perforantes proximales are absent in
the cat but the distal perforating rami are represented in both the dog and the cat. Since in the cat the
dorsal metacarpal arteries terminate more proximally, the rr. perforantes distales form the direct
connection with the aa. digitales dorsales communes. In the dog the dorsal metacarpal artery unites in
the distal part of the metacarpus with the dorsal common digital artery which has the same numerical
designation.

Only the cat has an arcus dorsalis superficialis. This is formed by the a. antebrachialis superficialis
cranialis and the r. dorsalis of the ulnar artery. Arising from this arch are the aa. digitales communes
I-1V and the a. digitalis dorsalis V abaxialis. In the dog the 4. digitalis dorsalis communis I arises from
the medial branch and the aa. digitales dorsales communes II-IV from the lateral branch of the a.
antebrachialis superficialis cranialis. The a. digitalis dorsalis V abaxialis arises from the r. dorsalis of the
ulnar artery. In the dog the dorsal common digital arteries divide, after receiving the dorsal metacarpal
arteries, into the aa. digitales dorsales propriae.

Arteries of the forefoot of the pig

Palmar arteries
(pig: 56; 61/17, 18", 18"; 68)

In the pig the arcus palmaris profundus is formed by the r. palmaris profundus of the radial artery
and by the r. profundus of the palmar ramus of the caudal interosseous artery. The deep palmar arch
gives rise to the aa. metacarpeae palmares I11-IV.The aa. metacarpeae palmares are linked to the aa.
metacarpeae dorsales by the rr. perforantes proximales and the r. perforans distalis I1I, and occasionally
also by the rr. perforantes distales IT and IV. The palmar metacarpal arteries IT and IV do not terminate
in the palmar common digital arteries of corresponding number, because the latter do not arise until
more distally on the metapodium. On the contrary, these two palmar metacarpal arteries unite with the
a. metacarpea palmaris 111 shortly before it terminates in the 4. digitalis palmaris communis 111, The
arcus palmaris superficialis is situated far distally on the metacarpus and it is formed by the r.
superficialis of the radial artery and the r. superficialis of the palmar ramus of the causal interosseous
artery. The stout median artery terminates in this arch and thus contributes to its supply of blood. The
superficial palmar arch gives rise to the aa. digitales palmares communes II-IV which arise closely one
after the other. The aa. digitales palmares propriae are developed on all the toes from the second to the
fifth. Thea. digitalis palmaris propria 11 abaxialis and, in the region of the toe, the a. digitalis palmaris V
abaxialis are each supplied by the cotresponding rr. palmares phalangis proximalis. The a. interdigitalis
IIT links the common palmar and dorsal digital arteries of the same number, while the aa. interdigitales
II and IV connect the appropriate abaxial proper digital arteries of the third and fourth toes.
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Dorsal arteries
(pig: 56; 61/15, 18', 19; 72)

The rete carpi dorsale is formed by the r. carpeus dorsalis of the cranial interosseous or the
interosseous ramus of the caudal interosseous artery and by the dorsal carpal ramus of the collateral
ulnar artery. From this network arise the aa. metacarpeae dorsales II-IV. The second and fourth of
these are at first relatively slim but after receiving their proximal perforating ramus they become equal in
size to the third. But in addition the third dorsal metacarpal artery invariably also receives ar. perforans
distalis I11. In the region of the metacarpophalangeal joints, the dorsal metacarpal artery IIL is linked to
the thin a. digitalis dorsalis communis I1I which arises from the a. antebrachialis superficialis cranialis.
However, this dorsal common digital artery III may be missing altogether. In such cases the equally
delicate a. digitalis dorsalis communis II forms the continuation of the a. antebrachialis superficialis
cranialis and it anastomoses with the a. metacarpea dorsalis II. The main supply vessels for the aa.
digitales dorsales propriae are the dorsal metacarpal arteries and, in the case of the middle toes, the aa.
interdigitales also contribute. The abaxial proper digital arteries are absent in the two smaller toes.

Arteries of the forefoot of ruminants

Palmar arteries
(sheep: 62/16, 17, 18", 18", 19; ox: 57; 63/14, 14", 15, 15', 16", 16", 17, 18, 18'; 64/11-15; 69)

In ruminants the arcus palmaris profundus is formed by ther. palmaris profundus of the radial artery
and by the 7. profundus of the palmar ramus of the interosseous ramus of the cranial interosseous artery.
From the deep palmar arch arise the aa. metacarpeae palmares II-IV which form an arch-like
anastomosis with one another in the distal part of the metacarpus. The a. metacarpea palmaris III is
linked with the a. metacarpea dorsalis III by two vessels: firstly, in the region of the deep palmar arch by
the r. perforans proximalis I1I which traverses the can. metacarpi proximalis and secondly, more distally
in the region of the arch-like anastomosis through the distal metacarpal canal by the r. perforans distalis
II1. The arch-like anastomosis of the palmar metacarpal arteries is connected medially and laterally with
the aa. digitales palmares communes II and IV and also, as a direct continuation of the a. metacarpea
palmaris 111, with the a. digitalis palmaris communis I11.

In ruminants the arcus palmaris superficialis is formed by the 7. palmaris superficialis of the radial
artery and by the r. superficialis of the palmar ramus which arises from the interosseous ramus of the
cranial interosseous artery. The median artery is the main vessel contributing to the arch and in the ox its
junction with the medial part of the arch is always more proximal than with the lateral. The superficial
palmar arch gives rise to the aa. digitales palmares communes II-IV. At their source the second and
fourth of these vessels receive blood from the arch-like connections with the palmar metacarpal arteries,
while the third palmar common digital artery, being the thickest vessel, forms the continuation of the
median artery. The a. interdigitalis III connects the common palmar and dorsal digital arteries of the
same numbers in the region of their division into the proper digital arteries. On the third and fourth
toes, the aa. digitales palmares propriae are present on the axial and abaxial sides. On the second and
fifth toes (dew claws), the axial vessel is always present and it sometimes gives rise to the appropriate
abaxial vessel.

Dorsal arteries
(sheep: 62/18'; ox: 57; 63/16'; 64/8, 8'; 73)

The rete carpi dorsale is formed by the dorsal carpal rami of the radial, the cranial interosseous and
the collateral ulnar arteries. This network gives rise, not only to the rudimentary a. metacarpea dorsalis
IV, but also to the a. metacarpea dorsalis I1I. The latter is the only substantial vessel connected, as
already described, with the palmar metacarpal arteries via the r. perforans proximalis III and the r.
perforans distalis II1. The a. metacarpea dorsalis I1I unites with the a. digitalis dorsalis communis 111 in
the region of their terminal branches. In the lower third of the metacarpus the slender a. antebrachialis
superficialis cranialis gives rise to the equally delicate aa. digitales dorsales communes II and III and
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from the . dorsalis of the collateral ulnar artery originates the very thin a. digitalis dorsalis communis
IV. As the dorsal common digital artery III subdivides, it anastomoses with both the dorsal metacarpal
III and the interdigital III arteries. The aa. digitales dorsales propriae are developed only in the large
third and fourth toes and of these arteries the axial ones receive the greatest supply of blood via the
interdigital III artery.

Arteries of the forefoot of the horse

Palmar arteries
(horse: 58; 65/15, 19-26; 66/12-16; 70)

In the horse the arcus palmaris profundus is formed by the r. palmaris profundus of the radial artery
and by the r. profundus of the palmar ramus which arises from the median artery. The deep palmar arch
gives rise to the aa. metacarpeae palmares II and III which unite proximal to the fetlock joint and then
terminate together by joining the lateral digital artery. Rr. perforantes proximales and distales can be
present. Running peripherally round the heads of both medial and lateral splint bones are the two
connecting branches, rr. anastomotici, to the dorsal metacarpal artery of the same number.

The superficial ramus of the radial artery terminates in the median artery on the proximal part of the
metacarpus. The very slender . superficialis of the palmar ramus, which latter stems from the median
artery in the horse, only rarely connects with the median artery to form the arcus palmaris superficialis.
If present this arch is located alongside the communicating ramus of the palmar nerves. It is more
common for this superficial ramus to continue directly into the slender a. digitalis palmaris communis
II1. Whether there is or is not a superficial palmar arch, the median artery continues as the stout a.
digitalis palmaris communis I1. The latter gives off the a. digitalis palmaris (propria II1I) medialis and the
main tributary to the a. digitalis palmaris (propria I1I) lateralis. This main tributary receives the united
aa. metacarpeae palmares II and I1I and the a. digitalis palmaris communis 111,

Dorsal arteries
(horse: 58; 65/23; 66/5', 8-12, 16; 74)

The rete carpi dorsale is formed by the r. carpeus dorsalis of the proximal radial artery, by the'distally
directed branch of the transverse cubital artery, the dorsal carpal rami of the cranial interosseous and by
the collateral ulnar arteries. From this network arise the aa. metacarpeae dorsales II and I1I which end
at the level of the heads of the splint bones. Here they anastomose with the palmar metacarpal arteries
by means of the rr. anastomotici, which have already been described, or sometimes with the rr.
perforantes as well. Only the slender r. dorsalis of the collateral ulnar artery runs dorsally to the
metacarpus where it is present as a superficial vessel accompanying the dorsal branch of the dorsal ulnar
nerve. The dorsal part of the toe is supplied only by the rr. dorsales phalangis proximalis, mediae and
distalis of the two palmar proper digital arteries.

Arteries of the head and neck

A. carotis communis
(Comparative: 51-54/5; 77-82/1; 85-88/27; cat: 90/13; 91/6; dog: 75/12; pig: 96/16; 177/8; 183/2;
sheep: 99/7; ox: 102, 155/16; horse: 50/18; 83/1; 103/20)

The aa. carotides communes arise from the truncus bicaroticus ventral to the trachea at the level of
the 7th cervical vertebra. In carnivores they usually have a separate origin at the level of the 2nd rib. In
the caudal part of the neck the left common carotid artery at first runs along the lateral aspect of the
oesophagus. In its more cranial course it follows the oesophagus ventral to the longissimus colli muscle.
The right common carotid artery, on the other hand, crosses the trachea to reach the groove between the
trachea and the long muscle of the neck. Each of the common carotid arteries is related dorsally to the
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cervical part of the vagus and sympathetic nerves and ventrally to the recurrent laryngeal nerve and the
truncus trachealis. In carnivores, especially cats, in pigs and ruminants, but rarely in horses, the internal
jugular veins also lie ventral to the common carotid. In the cranial third of the neck these vessels and
nerves are covered by the lateral omohyoideus muscle, except in carnivores in which this muscle is
absent. The carotids supply dorsally- or ventrally-directed vessels to the trachea, the left side of the
oesophagus, the cranial and medial deep cervical lymph nodes and the ventral muscles of the neck. In
ruminants the rr. sternocleidomastoidei branch directly from the common carotid artery and, with
certain modifications in the different species, it also gives off the a. thyreoidea caudalis and in all
domestic mammals (except the pig on the left side) the a. thyreoidea cranialis. Subsequent branches of
each common carotid are, in the pig and ruminants the a. laryngea cranialis, in ruminants alone the a.
pharyngea ascendens and in the small ruminants the a. palatina ascendens, which latter will be described
with the ascending palatine artery of the other domestic mammals as a branch of the lingual artery.
Ventral to the wings of the atlas, the common carotid artery divides into the a. carotis interna and a.
carotis externa.

A. thyreoidea caudalis
(dog: 75/9)

In carnivores and the pig the a. thyreoid caudalis arises in the same region as the carotids. In
carnivores there is often 2 common stem for the left and right vessel from the brachiocephalic trunk
whereas in the pig the right caudal thyroid artery arises from the thyrocervical trunk in common with
the a. cervicalis superficialis. In ruminants and the horse its origin lies at the level of the caudal pole of
the thyroid gland. In all the domestic mammals the caudal thyroid artery is smaller than the cranial
artery and it may be absent on one or even both sides. The caudal thyroid artery, or its terminal
branches, reach the caudal pole of the thyroid gland which they either enter directly or anastomose with
branches of the cranial thyroid artery.

A. thyreoidea cranialis
(dog: 75/1; pig: 183/3; horse: 76/a; 83/5)

The a. thyreoidea cranialis arises at the level of the cranial pole of the thyroid gland. Only in
carnivores does it give off the r. sternocleidomastoideus to the appropriate muscles. It then gives off the
following branches although the sequence varies in the different species. The r. pharyngeus is cranially

Fig. 75. Arteries of the larynx, trachea and thyroid
gland of a dog. Left lateral view.
(After Loeffler, 1955, Diss., Hanover.)
a m. sternomastoideus; 4’ m. cleidomastoideus; & m.
sternooccipitalis; ¢ m. sternothyreoideus; d m.
sternohyoideus; ¢ m. cricothyreoideus; f m. thyreo-
hyoideus; g m. longus capitis; » gl. thyreoidea; 7 In.
retropharyngeus medialis; k gl. mandibularis; [ oeso-
phagus

I a. thyreoidea cranialis, 5 r. dorsalis, 7 r. ventralis; 2 r.

sternocleidomastoideus; 3 r. laryngeus caudalis; 4 r.

pharyngeus; 6 r. cricothyreoideus; 8 rr. musculares; 9

a. thyreoidea caudalis; 10 rr. tracheales; 11 rr. oesopha-
gei; 12 a. carotis communis

directed and supplies the pharyngeal wall in the region of the caudal constrictors of the pharynx. Ther.
cricothyreoideus, which is absent in the goat, supplies the muscle of that name and the r. laryngeus
caudalis enters the larynx dorsolaterally accompanied by the caudal laryngeal nerve. In the horse the
cranial thyroid artery also gives off the a. pharyngea ascendens and the a. laryngea cranialis.
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A. laryngea cranialis
(Comparative: 77-80/9; pig: 96/16'; 183/7; horse: 76/c; 83/7)

In the pig and ruminants the a. laryngea cranialis arises directly from the common carotid artery near
the cranial part of the larynx. In the horse it originates from the cranial thyroid artery and in carnivores
from the external carotid artery. In all the domestic mammals it gives off a r. pharyngeus and then
continues as the r. laryngeus to the larynx. Except in the horse this branch then passes through the fiss.
thyroidea in company with the cranial laryngeal nerve. In the horse it passes ventrolaterally through the
cricothyroid muscle on the medial surface of the lam. thyroidea. It divides into a dorsal and a ventral
branch on the ventriculus laryngis lateralis at the level of the vocalis muscle.

A. pharyngea ascendens
(Comparative: 77-80/7; horse: 76/b; 83/7")

The a. pharyngea ascendens originates as a branch of the common carotid artery in ruminants; in the
horse it originates from the cranial thyroid artery and in carnivores it stems directly from the external
carotid artery. In the pig it arises from the lingual artery. The ascending pharyngeal artery is

Fig. 76. Arteries of the larynx of a horse. Left lateral view.
(After Zietzschmann, 1943.)

A a. linguofacialis; B a. facialis; C a. lingualis

a a. thyreoidea cranialis; 4 rr. thyreoidei; b a. pharyngea ascendens; b’ r. laryngeus caudalis; ¢ a. laryngea cranialis lying on the larynx and continuing as the
r. laryngeus; d dorsal, e ventral branches, d’, e’ anastomoses with the r. laryngeus caudalis

1 trachea; 2 cartilago cricoidea; 3, 3/, 3” cartilago thyreoidea; 4 cartilago arytaenoidea, 4’ proc. corniculatus; 5 epiglottis; 6, 7, 8, 9, 9’ apparatus hyoideus; 10

gl. thyreoidea, lobus sinister, 10’ isthmus fibrosus; 77 m. cricopharyngeus; 12 m. cricothryreoideus; 13 m. cricoarytaenoideus dorsalis; 74 m.

cricoaryteanoideus lateralis; 75 m. vocalis; 16 m. ventricularis; 17 m. arytaenoideus transversus; /8 m. thyreohyoideus; 19 m. ceratohyoideus; 20 m.
sternothyreoideus; 21 ventriculus laryngis lateralis

accompanied by the rr. pharyngei as it proceeds dorsally and laterally along the wall of the pharynx in
the region of the medial constrictors of the pharynx. Except in the small ruminants, it gives off the rr.
palatini. Finally, in the ox the rr. tonsillares are given off.

A. carotis interna
(Comparative: 77-82/2; ox: 87/28; horse: 83/8; 84/a; 88/28)

At the level of the larynx the common carotid artery gives off a more slender branch vessel, the a.
carotis interna. In its course towards the skull the internal carotid artery of the horse is situated caudal
and dorsal to the guttural pouch. To reach the cranial cavity in the cat the artery passes through the
carotid canal and in the dog and pig through the carotid foramen. In the horse it traverses the sinus
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petrosus ventralis and then the carotid incisure. It is a relatively small vessel in the horse and carnivores
and a stout one in the pig. In ruminants the situation is different in that prenatally the internal carotid
artery goes through the for. jugulare into the cranial cavity but during the first months of extrauterine
life the part outside the cranium degenerates and becomes merely a connective tissue strand. In the adult
cat too, the internal carotid artery regresses. In pigs, ruminants, and usually also cats, the internal
carotid gives off the a. occipitalis immediately after its origin. In the pig the occipital artery is followed
by the a. condylaris. The course and distribution of the internal carotid artery within the cranium are
described in conjunction with the blood supply to the brain (see. vol. IV).

A. occipitalis
(Comparative: 77-82/3; pig: 183/8; sheep: 184/3; ox: 87/29; horse: 83/9; 88/29)

The a. occipitalis arises in pigs, ruminants and usually in cats, from the region of origin of the internal
carotid artery. In the dog and horse it arises close to the origin of the external carotid artery. Dorsally
directed, it connects with the r. anastomoticus cum a. occipitali of the vertebral artery and, by means of
its 7. occipitalis, it ramifies in the musculature of the occipital region. In cattle the occipital artery gives
off first the a. palatina ascendens (see. p. 103) and then the 4. stylomastoidea profunda which passes
through the stylomastoid foramen in the petrous temporal bone to the middle ear. In all ruminants it
gives off the a. meningea media, although in the sheep this may originate from the condylar artery,
whereas in all other domestic mammals it originates from the maxillary artery. Subsequently the
occipital artery gives off the a. condylaris in carnivores, ruminants and the horse. From the occipital
ramus arises the 4. meningea candalis; this latter vessel is absent in the cat and ox but after giving off
muscular branches it passes through the temporal meatus in the dog, pig and horse and through
openings in the occipital bone near the pars mastoidea in the small ruminants. It supplies the meninges.
In the dog the caudal meningeal artery also gives rise to the a. tympanica candalis.

A. condylaris
(Comparative: 77-82/4; horse: 83/11)

In carnivores, ruminants and horses the a. condylaris stems from the occipital artery; in the pig it
arises from the internal carotid. The condylar artery, a stout vessel in ruminants, goes through the fossa
condylaris ventralis and enters the cranial cavity through the canal for the hypoglossal nerve. In the pig,
before entering the cranium it gives off the a. stylomastoidea which passes through the stylomastoid
foramen to the middle ear.

A. carotis externa
(Comparative: 77-82/10; pig: 183/13; ox: 87/30; horse: 83/14; 88/30)

The a. carotis externa is the largest branch of the common carotid. It first bends in a dorsally directed
curve covered laterally by the parotid gland, which it perforates obliquely in the sheep, and continues
along the cervical border of the ramus of the mandible to the retromandibular fossa. In the pig it passes
medially over the processus jugularis. It crosses laterally the stylohyoid and in the horse it also passes
across the lateral bay of the guttural pouch. It then curves rostrally and continues as the maxillary
artery. Along its course the external carotid gives off, immediately after its origin, the occipital artery in
carnivores and horses. In carnivores the cranial laryngeal and ascending pharyngeal arteries are then
given off. In carnivores, small ruminants and the pig the external carotid artery then sends off rostrally
from the convexity of its dorsally directed arch, the a. lingualis and in carnivores and pigs shortly
thereafter the a. facialis. In the ox and horse these two arteries arise as a common trunk, the truncus
linguofacialis which, in the horse, also gives rise to the a. palatina ascendens. In all domestic mammals
the external carotid artery gives rise to the a. auricularis candalis from the caudal wall of its dorsally
directed part. In carnivores the external carotid gives off the a. parotidea as an independent vessel and in
the pig it provides several 7. parotidei which in this species form the main supply to the parotid gland.
In the ox and horse there is a stout r. massetericus to the masseter muscles and in all domestic mammals
the external carotid sends out, dorsally from its rostral curve, the a. temporalis superficialis.
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A. lingualis
(Comparative: 77-82/11; pig: 183/14; sheep: 184/63; horse: 83/18)

In carnivores, small ruminants and the pig, the a. lingualis arises caudal to the ramus of the mandible
from the external carotid artery whereas in the ox and horse it originates from the truncus linguofacialis
medial to the pterygoideus medialis muscle. At first it accompanies the stylohyoid bone ventrally and,
running medial to the hypoglossus muscle, it reaches the tongue. Here it becomes the a. profunda
linguae which takes a more or less meandering course towards the tip of the tongue between the
hypoglossus and genioglossus muscles. In so doing it gives off at short intervals the rr. dorsales linguae
which form arborizations to the dorsum of the tongue. In the pig and ox the right and left deep lingual
arteries anastomose in the tip of the tongue. Along its course to the tongue, the lingual artery gives off,
only in ruminants, the rr. glandulares and these supply mainly the mandibular gland. In all the domestic
mammals there next arises the rr. peribyoidei; these may be situated rostral, caudal or both rostral and
caudal to the basihyoid and they unite in an arch. They provide branches to the epiglottis and the base of
the tongue. The a. palatina ascendens arises from the lingual artery in carnivores before, and in the pig
after, the perihyoid rami have been given off. In the pig there is also the ascending pharangeal artery,
which has already been described. Shortly before entry into the tongue, at the transition into the deep
lingual artery, the a. lingualis gives rise to the a. sublingualis in ruminants and pigs.

A. sublingualis
(Comparative: 77-82/13; sheep: 184/65; horse: 83/19)

In ruminants and the pig the a. sublingualis arises from the lingual artery while in the dog and the
horse it stems from the submental artery. In the pig the latter vessels also give off an additional
sublingual branch. The sublingual artery in the cat is replaced by several vessels from the submental
artery. When it originates from the submental artery, the sublingual artery first perforates the
mylohyoideus muscle and then, like its counterpart which originated from the lingual artery, it
continues along the dorsal border of the geniohyoideus muscle to the point of the chin. It terminates
superficially in the sublingual region of the floor of the mouth, where it also supplies the frenulum
linguae, having given off branches to the neighbouring muscles and the sublingual glands.

A. palatina ascendens
(Comparative: 77-82/8; horse: 83/17)

The a. palatina ascendens arises in carnivores and pigs from the lingual artery. In small ruminants it
springs from the common carotid, in the ox from the occipital artery and in the horse from the
linguofacial trunk. It takes a course medial to the stylohyoid across the lateral wall of the pharynx to the
soft palate and its muscles.

A. facialis
(Comparative: 77-82/16; pig: 182/11; horse: 83/20)

In carnivores and the pig the a. facialis stems from the external carotid artery and in the ox and the
horse it arises from the truncus linguofacialis. There is no facial artery in small ruminants. Its initial
course is along the medial aspect of the ventral border of the mandible to the inc. vasorum or the
corresponding site. Here it turns onto the lateral surface of the lower jaw. In the pig it then gives off an
additional branch to the face which, after a short course, ends in the masseter muscles and the skin of the
mandibular space. In this animal the facial artery terminates soon after giving rise to this branch. In
carnivores, ruminants and horses the facial artery follows the cranial border of the masseter muscle
dorsad to an area caudal to the infraorbital foramen. /

While in the mandibular space the facial artery gives off branches to the digastricus, pterygoideus and
masseter muscles. In the pig and horse there is also a branch to the pharynx and in all species except the
horse ar. glandularis to the mandibular gland. In the pig this glandular ramus also supplies the parotid



104 Arteries

Fig. 78
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Fig. 80
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Fig. 81

gland. Except in the small ruminants, the facial artery also gives off the 4. submentalis which courses
medially along the mandible, ventrolateral to the mylohyoideus muscle, in a rostral direction. However,
in neither the dog nor the ox does it attain the point of the mandible. As already described, in the dog
and the horse the latter artery gives rise to the a. sublingualis and in the pig also there is a sublingual
branch. In the cat, however, instead of this sublingual artery, there are several branches directed to the

floor of the mouth.
On the surface of the face, the a. facialis gives rise to the a. labialis mandibularis, the a. labialis

maxillaris in carnivores, the ox and the horse, the a. angularis oris only in carnivores, the a. lateralis nasi
rostralis in the ox, the a. lateralis nasi and a. dorsalis nasi in the horse and finally the a. angularis oculi in
carnivores, the ox and horse.

A. labialis mandibularis
(Comparative: 77-82/17, 17", 17"; pig: 182/ 15; horse: 83/21)

The a. labialis mandibularis of the carnivores, the ox and the horse is the first vessel to arise from the
a. facialis on the surface of the face. In the pig it originates from the a. buccalis and in the small
ruminants from the a. transversa faciei. It is destined to supply the upper lip. In the cat it divides into a
dorsal and a ventral branch, in the ox into a superficial and a deep artery. In the horse the a. labialis
mandibularis gives off the a. angularis oris.

A. angularis oris
(Comparative: 77-82/18; pig: 182/16; sheep: 184/61; horse: 83/21")

Only in carnivores does the a. angularis oris leave the facial artery after the labial mandibular artery.
In the horse it springs from the labial mandibular artery, in the ox and small ruminants from the a.
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Fig. 82

Figs 77, 78, 79, 80, 81, 82. Arteries of the head of the cat, dog, pig, sheep, ox and horse.
Semidiagrammatic, left lateral view.
(After Nickel and Schwarz, 1961, study carried out at the Institute of Veterinary Anatomy, Hanover.)

1 a. carotis communis; 2 a. carotis interna; 3 a. occipitalis, 3" r. occipitalis; 4 a. condylaris; 5 a. stylomastoidea; 5’ a. stylomastoidea profunda (ox); 6 a.
meningea caudalis; 6’ a. meningea media; 6" a. ingea accessoria (ruminants); 6"'a. gea rostralis (pig); 7 a. pharyngea ascendens; 8 a. palatina
ascendens; 9 a. laryngea cranialis; 7 and 9 are not shown in the ox and the horse because their origin is situated further caudally, namely from the common
carotid in the ox and from the cranigl thyroid arteries in the horse; 10 a. carotis externa; 11 a. lingualis; 72 a. profunda linguae; 13 a. sublingualis; 74 a.
submentalis; 75 truncus linguofacialis; 16 a. facialis; 17 a. labialis mandibularis; 17* a. labialis mandibularis superficialis; 17" a. labialis mandibularis profunda
(0x); 18 a. angularis oris; 19 a. labialis maxillaris; 20 a. angularis ocilu; 21 a. auricularis caudalis; 22 r. auricularis lateralis; 23 r. auricularis intermedius; 24 r.
auricularis medialis; 25 a. auricularis caudalis; 26 a. temporalis superficialis; 27 a. transversa faciei; 28 r. massetericus; 29 a. cornualis; 30 a. auricularis
rostralis; 30’ branch to the inner surface of the outer ear (pig); 31 a. palpebralis inferior lateralis; 32 a. palpebralis superior lateralis; 3/ and 32 are not shown
in the horse, being branches of the lacrimal artery; 33 a. maxillaris; 33’ rete mirabile a. maxillaris; 34 a. alveolaris mandibularis; 35 r. dentales from 34 to the
incisor teeth; 36 a. mentalis or rr. mentales; 37 a. temporalis profunda caudalis; 37" a. temporalis profunda rostralis (not shown in the pig, ox, being a branch
of the buccal artery in these species); 38 r. caudalis ad rete mirabile epidurale rostrale; 39 rr. rostrales ad rete mirabile epidurale rostrale or rr. retis (cat); 40 a.
buccalis; 47 a. ophthalmica; 41" rete mirabile ophthalmicum; 41" a. supratrochlearis; 42 a. ethmoidea externa; 43 a. supraorbitalis; 44 a. lacrimalis; 44" r.
lacrimalis from 26 (sheep, ox); 45 distribution of the a. ophthalmica on the bulbus of the eye; 46 a. malaris; 46" r. frontalis; 47 a. palpebralis inferior medialis;
48 a. palpebralis superior medialis; 49 a. lateralis nasi; 49" a. lateralis nasi rostralis (0x); 49" a. lateralis nasi caudalis (0x); 50 a. dorsalis nasi or a. dorsalis nasi
rostralis (dog); 5 a. infraorbitalis; 52 r. dentalis from 51 to the incisor teeth; 53—55 branches of the a. palatina descendens; 53 a. sphenopalatina, 54 a.
palatina major, 55 a. palatina minor

labialis maxillaris, and in the pig it comes off the buccal artery. The branches of the angular artery of the
mouth ramify in the angle of the mouth and the terminal dividing branches can arise independently from
the parent vessel in the dog.

A. labialis maxillaris
(Comparative: 77-82/19; pig: 182/17; sheep: 184/60; horse: 83/22;)

The a. labialis maxillaris arises in carnivores, the ox and the horse from the facial artery at the alveolar
border of the maxillary bone. In the pig it stems from the buccal artery and in the small ruminants from
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the transverse facial artery. The labial maxillar artery ramifies in the upper lip and in the ox also in the
muzzle.

Aa. laterales nasi rostralis and caudalis or a. lateralis nasi
(Comparative: 77-82/49, 49, 49"; sheep: 184/56; horse: 83/24)

The a. lateralis nasi rostralis of the ox, or the corresponding a. lateralis nasi of the horse, is a branch
of the facial artery. In the ox its origin is caudodorsal to the infraorbital foramen and in the horse it arises
either a variable distance from the origin of the a. labialis maxillaris or from the latter vessel. However,
the a. lateralis nasi of carnivores and pigs and the a. lateralis nasi rostralis of goats, arise from the
infraorbital artery. In the sheep the a. lateralis nasi arises from the 4. malaris. From the malar artery also
arises the a. lateralis nasi caudalis of the goat and ox. The area supplied by the lateral nasal arteries in
the ox and goat is the lateral wall of the nose up to the supply area of the artery of the upper lip.

A. dorsalis nasi
(Comparative: 77-82/50; sheep: 184/57; horse: 83/23)

The a. dorsalis nasi arises from the facial artery only in the horse in which its point of origin is
caudodorsally to the infraorbital foramen. In carnivores it stems from the infraorbital artery and in the
cat its origin precedes its entry into the infraorbital canal (see p. 115). In the sheep and ox it is given off
the a. malaris and in the goat it comes off the a. temporalis superficialis. In the pig there is no such vessel
to the dorsum of the nose but the rostral third of the nose is vascularized by ramifying branches of thea.
lateralis nasi. The dorsal nasal artery runs rostrally on the nasal bone. In the sheep it barely attains the
level of the fiss. nasomaxillaris while in the ox and horse it passes beyond the rostral end of the nasal
bone. The dorsal nasal artery supplies the area of the bridge of the nose and, in the horse, the nasal
diverticulum also.

A. angularis oculi
(Comparative: 77-82/20; horse: 83/25)

In carnivores, the ox and the horse the a. angularis oculi is the terminal branch of the facial artery. In
the pig it arises from the buccal artery and it is absent in the small ruminants. It courses in a caudodorsal
curve towards the medial canthus of the eye.

A. auricularis caudalis
(Comparative: 77-82/21; pig: 182/29, 183/22; sheep: 184/43; horse: 83/27)

The a. auricularis caudalis arises from the caudal wall of the dorsally-directed part of the external
carotid artery and continues towards the base of the ear where it gives off branches, with certain
modifications in the different species, to the auricle of the ear. Thereafter it curves round the base of the
ear and runs between it and the temporal muscle. In carnivores, ruminants and the horse the caudal
auricular artery gives rise to the a. stylomastoidea. In the pig the stylomastoid artery is a branch of the
condylar artery and has already been described. In the other animals it continues alongside the facial
nerve and passes through the stylomastoid foramen into the middle ear. There may be an additional
delicate a. tympanica caudalis in the horse. The caudal auricular artery gives off to the parotid gland ar.
parotideus in the pig and carnivores and several rr. parotidei in ruminants and the horse. Furthermore, in
the dog, pig and goat it supplies a 7. sternocleidomastoideus to the appropriate muscles and in the dog
this ramus in turn has a branch to the salivary gland, ther. glandularis. The r. meningeus arises prior to
the origin of the muscular branch in the goat and from a corresponding site in the sheep. This latter
ramus enters the cranial cavity near the porus acusticus externus and it participates in the vascularization
of the meninges of the brain.

At the base of the auricle the caudal auricular artery gives off the r. awuricularis lateralis, which is
usually duplicated in the cat and runs along the lateral border of the outer surface of the auricle towards
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the tip of the ear. It supplies the 7. auricularis intermedius to the back of the ear. In the ox it is duplicated
in the form of the r. auricularis intermedius lateralis and r. awuricularis intermedius medialis. The next
vessel to be given off, except in ruminants, is the r. auricularis medialis to the medial border of the outer
surface of the ear. In ruminants, however, this branch arises from the a. auricularis rostralis. At the tip
of the ear these arteries form anastomotic patterns which vary in the different species. There is yet
another branch of the caudal auricular artery, the a. auricularis profunda, which varies in its origin from
species to species. In the cat it arises after all the other auricular arteries, in the dog usually between the
intermediate and medial auricular ramus or from one of these, and in the ox it is given off before the
other auricular arteries. This deep auricular artery is but a small vessel which runs between the tragus
and anthelix to attain the internal surface of the ear and supply the skin of the external auditory meatus.
No such artery has been described in the other domestic mammals, although all the species have delicate
vessels which perforate the ear cartilage or turn onto the internal surface round the base of the ear.
After giving off the auricular arteries, the caudal auricular artery supplies the r. occipitalis to the base
of the skull and the temporal region and its branches penetrate down to the bone. The caudal auricular
artery supplies several branches to the auricle of the ear and the temporalis muscle and it usually
anastomoses with branches of the rostral auricular artery of the superficial temporal artery.

A. temporalis superficialis
(Comparative: 77-82/26; pig: 182/32; sheep: 184/49; horse: 83/32)

The dorsally directed a. temporalis superficialis arises at the caudal border of the lower jaw before
the transition of the external carotid into the maxillary artery. It courses, either covered by or embedded
in the parotid gland, rostral to the meatus acusticus externus and between the ear and the mandibular
joint and then runs laterally across the zygomatic arch and into the temporal region. Shortly after its
origin it gives off the a. transversa faciei dorsal to the facial nerve. However, the a. auricularis rostralis
arises from the superficial temporal artery; in small ruminants it arises before the latter vessel and in the
other domestic mammals it arises after it. In the horse the r. auricularis temporomandibularis to the
mandibular joint is given off before the rostral auricular artery. In the pig and horse the terminal
branches of the superficial temporal artery ramify superficially in the temporalis muscle but in
carnivores and ruminants this artery continues in a rostral direction to the lateral canthus of the eye.
Before reaching the canthus in horned ruminants, the a. cornualis is given off and this runs along the
linea temporalis to the base of horn. At the lateral canthus of the eye the superficial temporal artery gives
off, in the sheep and ox, ther. lacrimalis to the lacrimal gland. The superficial temporal artery divides in
carnivores and ruminants into the a. palpebralis superior lateralis and the a. palpebralis inferior lateralis
which terminate in the upper and lower eyelids. In the dog the lateral superior palpebral artery also gives
rise to the 4. dorsalis nasi candalis which ramifies in the region of the forehead and the bridge of the
nose. Only in the goat does a branch of the superficial temporal artery, the a. dorsalis nasi, supply the
dorsum of the nose.

A. transversa faciei
(Comparative: 77-82/27; pig: 182/37; sheep: 184/38, 59; horse: 83/33)

The a. transversa faciei arises ventral to the proc. articularis of the mandible and attains the lateral
surface of the masseter muscle dorsal to the facial nerve. In the cat it is duplicated. As it runs in a rostral
direction the artery is accompanied by the vein of the same name, except in the cat in which species the
vein is absent, and by branches of the auriculopalpebral nerve and of the auriculotemporal nerve. In the
horse the transverse facial artery and its accompanying vein penetrate the masseter muscle superficially
in a region ventral to the zygomatic arch. Its terminal branches extend barely beyond the masseter
muscle except in the small ruminants where it is linked with the a. labialis mandibularis, the a. labialis
maxillaris, and the a. angularis oris which have all been described in connection with the facial artery
(see. p. 106). In addition to supplying branches to the neighbouring facial musculature and skin, in the
pig and ox it gives the r. articularis temporomandibularis to the mandibular joint and in all the domestic
marr.lmals branches to the masseter muscle. There is a particularly stout 7. massetericus in the small
ruminants.
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A. auricularis rostralis
(Comparative: 77-82/30; pig: 182/34; sheep: 184/48; horse: 83/32")

The a. auricularis rostralis arises from the superficial temporal artery. It reaches the base of the ear
rostrally to the external auditory meatus and ramifies in the cleft angle of the auricle of the ear and the
neighbouring muscles down to the scutulum. There it, or a branch of the superficial temporal artery
itself, anastomoses with the caudal auricular artery. In ruminants only, the rostral auricular artery gives
off the r. auricularis medialis which goes along the medial border of the outer surface of the auricle. Also
in the ox, it gives off the . meningeus which corresponds to that ramus in small ruminants which arises
from the caudal auricular artery (see p. 108).

A. maxillaris

(Comparative: 77-82/32; pig: 183/24; sheep: 184/52; horse: 83/34; 84/b)

carnivores pig ruminants horse
a. alveolaris mandi-  a. meningea media r. pterygoideus a. alveolaris mandi-
bularis bularis

a. temporalis pro- a. alveolaris mandi-

a. temporalis pro- funda caudalis bularis rr. pterygoidei
funda caudalis

rr. pterygoidei a. temporalis pro- a. tympanica
a. tympanica funda (small rostralis

rostralis a. alveolaris mandi- ruminants)
bularis a. meningea media
a. meningea media a. temporalis pro-

a. buccalis funda caudalis a. temporalis pro-
rete mirabile a. (ox) funda caudalis
maxillaris (cat) a. temporalis

profunda a. buccalis a. temporalis pro-
a. temporalis rostralis funda rostralis
profunda a. temporalis
rostralis a. ophthalmica profunda a. ophthalmica
externa rostralis (ox) externa
rr. pterygoidei
a. malaris r. caudalis ad rete a. buccalis
a. ophthalmica mirabile epidu-
externa a. infraorbitalis rale rostrale a. infraorbitalis
a. temporalis pro- a. palatina descen- rr. rostralis ad a. malaris
funda rostralis dens rete mirabile
(dog) epidurale a. palatina descen-
rostrale dens
a. buccalis
a. ophthalmica
a. infraorbitalis externa
a, malaris a. malaris

a. palatina descen-
dens

a. infraorbitalis

a. palatina descen-
dens
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The a. maxillaris is the continuation towards the base of the skull of the external carotid artery after it
has given off the superficial temporal artery. In the dog and horse it attains the fossa pterygopalatina
after passing through the alar canal. In the cat the maxillary artery forms a network known as the rete
mirabile a. maxillaris near the foramen ovale, the main artery itself being traceable through this network
as a stouter vessel. This network extends dorsally and laterally to the apex of the periorbital region. In
the cat the arteries for the bulbus and accessory structures arise from this network as do also the rr. retis,
which pass through the fiss. orbitalis and go to the circulus arteriosus cerebri. The first vessel to leave the
maxillary artery in carnivores is ther. articularis temporomandibularis destined for the mandibular joint.

There is considerable species variation in the sequence in which subsequent branches of the maxillary
artery arise; this is shown in the table. The branch vessels are a. alveolaris mandibularis, a. temporalis
profunda or aa. temporales profundae caudalis and rostralis, rr. pterygoidei for the muscles of that
name, the a. tympanica rostralis in carnivores and the horse, the a. meningea media in all but ruminants,
rr. candalis and rostrales ad rete mirabile epidurale ventrale in ruminants only, a. buccalis, a.
ophthalmica externa, a. malaris in pigs and ruminants, a. infraorbitalis and a. palatina descendens.

A. alveolaris mandibularis
(Comparative: 77-82/34; pig: 183/25; sheep: 184/39; horse: 83/35)

In all domestic mammals the a. alveolaris mandibularis arises in a rostrolateral direction from the
first part of the maxillary artery. It runs towards the mandibular foramen through which it enters the
mandibular canal.In ruminants it is more tortuous than in the other domestic mammals. Except in the
horse, the r. mylohyoideus to the mylohyoid muscle is given off before entry into the mandibular canal.
Within this canal the rr. dentales to the molar and premolar teeth are given off. Other branches pass
through the alveolar canal to the canine and incisor teeth. In carnivores and pigs, the rr. mentales leave
the mandibular canal through the mental foramina. In ruminants and the horse the a. mentalis emerges
from the mental foramen. The branches of these arteries ramify in the region of the margo
interalveolaris, in the gingiva of the incisor teeth and in the lower lip. In the pig there are anastomoses
with the a. submentalis at the point of the mandible.

Aa. temporales profundae
(Comparative: 77-82/37, 37'; pig: 183/26; horse: 83/37, 38; 84/e, f)

The a. temporalis profunda caudalis branches from the maxillary artery to supply the temporal
region and especially the temporalis muscle. In the small ruminants this is the only deep vessel to the
temporal region and it is therefore known simply as the a. temporalis profunda. In the other domestic
mammals there is also an a. temporalis profunda rostralis which, in the dog and horse stems from the
maxillary artery, in the cat from the rete mirabile, and in the pig and ox from the buccal artery. The
dorsally-directed deep temporal arteries enter the temporalis muscle rostral to the base of the zygomatic
process of the temporal bone and anastomose within this muscle with branches of the superficial
temporal artery. In carnivores, pigs and cattle the caudal deep temporal artery gives off beforehand the
a. masseterica. In small ruminants the first part of the deep temporal artery is bound to the maxillary
artery by fibrous tissue up to the point where the former rises dorsally to the temporal muscle and gives
off the r. articularis temporomandibularis to the mandibular joint.

A. meningea media
(Horse: 83/36; 84/d)

In carnivores, the pig and horse the a. meningea media arises from the maxillary artery. In the dog
and the horse this occurs before the maxillary artery enters the alar canal. In the cat it sometimes
originates from the rete mirabile a. maxillaris; in ruminants it stems from the occipital artery. In the
sheep this artery may also stem from the condylar artery. In carnivores and ruminants it traverses the
for. ovale, in the pig and horse the for. lacerum orale, en route for the cranial cavity where it ramifies in
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the dura mater. In carnivores the middle meningeal artery has a 7. anastomoticus cum a. carotide interna
lateral to the middle cranial fossa, as well as another r. anastomoticus which passes through the orbital

fissure to join the external ophthalmic artery. In the pig there is ar. ad rete mirabile epidurale rostrale to
the extradural rete at the base of the skull.

Fig. 83. Arteries of the head of a horse. Left lateral view.
(After Zietzschmann, 1943.)
a atlas; b axis; ¢ stylohyoideum; d mandibula, partly removed; e gl. thyreoidea; f trachea; g mm. constrictores pharyngis caudalis; » proc. jugularis; i m.
pterygoideus medialis; i' mm. tensor and levator veli palatini; £ m. stylohyoideus; /, I’ diverticulum tubae auditivae;  lateral, ' medial pouch; m m.
temporalis; » m. masseter; o art. temporomandibularis; p m. cervicoauricularis profundus; ¢ m. cervicoauricularis medius; » m. cervicoauricularis
' superficialis; s m. obliquus capitis cranialis

1 a. carotis cc is, 2 r. trachealis, 3, 4 rr. lares; 5 a. thyreoidea cranialis, 6 r. pharyngeus, 6 r. laryngeus caudalis; 7 a. laryngea cranialis; 7' a.
pharyngea ascendens; 8 a. carotis interna, at 8’ placed into the guttural pouch; 9 a. occipitalis, 10 r. glandularis; 77 a. condylaris, 12 r. occipitalis; 13 a.
meningea caudalis; 14 a. carotis externa, 15 r. glandularis; 16 a. linguofacialis; 17 a. palatina ascendens; 18 a. lingualis; 79 a. sublingualis; 20 a. facialis; 27 a.
labialis mandibularis; 21" a. angularis oris; 22 a. labialis maxillaris; 23 a. lateralis nasi, 23’ retrograde branches to the external nares; 24 a. dorsalis nasi; 25 a.
angularis oculi; 26 r. massetericus; 27 a. auricularis caudalis; 28 a. stylomastoidea; 28’ a. auricularis profunda, 29 r. auricularis lateralis, 30 r. auricularis
medius, 31 r. auricularis medialis; 32 a. temporalis superficialis; 32’ a. auricularis rostralis; 33 a. transversa faciei; 34 a. maxillaris; 35 a. alveolaris
mandibularis; 35" a. lis; 36 a. ingea media; 36’ r. pterygoideus; 37 a. temporalis profunda caudalis; 38 a. temporalis profunda rostralis; 39 a.
ophthalmica externa, 40 its branches to the bulbus of the eye and its accessory organs; 39’ a. ethmoidalis externa; 41 a. supraorbitalis; 42 a. buccalis; 43
artery to the extraorbital adipose tissue; 44 a. infraorbitalis, 44’ its anastomosis to the a. lateralis nasi, 44” rr. dentales; 45 a. malaris; 46 a. sphenopalatina; 47
a. palatina minor; 48 a. palatina major; 48’ its anastomosis with the a. labialis maxillaris; 49 a. vertebralis, 49" r. anastomoticus cum a. occupitali, 49" r.
descendens; 50 a. cervicalis profunda

A. buccalis
(Comparative: 77-82/40; pig: 182/18; 183/27; horse: 83/42; 84/0)

The a. buccalis springs off the maxillary artery in a rostroventral direction. The former artery is,
except in the pig, destined especially for the muscles of mastication and the glands of the cheek. In
carnivores there are also rr. glandulares zygomatici for the zygomatic gland. As already described above,
in the pig and ox the 4. temporalis profunda rostralis is given off the buccal artery. Only in the pig does
the buccal artery give rise to the a. angularis. oculi which, in its turn, gives origin to the a. palpebralis
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inferior medialis, the a. angularis oris, the a. labialis mandibularis and the a. labialis maxillaris; these
vessels have been described in detail in connection with the facial artery (see. p 107 ff.).

R. caudalis and rr. rostrales ad rete mirabile epidurale rostrale
(sheep: 80/38, 39; ox: 81/38, 39)

In ruminants the maxillary artery gives off dorsally directed rete branches which enter the cranial
cavity through the for. ovale of the for. orbitorotundum. These branches link with the epidurally
situated arterial network at the base of the skull, the rete mirabile epidurale.

The r. candalis ad rete mirabile epidurale rostrale arises in the small ruminants at the level of the a.
alveorlaris mandibularis and in the ox at the level of the buccal artery. After reaching the base of the
skull in the ox, this branch bends caudally and then enters the oval foramen.

The rr. rostrales ad rete mirabile epidurale rostrale leave the maxillary artery at the level of the external
ophthalmic artery, although isolated branches can also arise beforehand or, in the ox, originate from the
buccal artery.

A. ophthalmica externa
(Comparative: 77-82/41; pig: 183/28; horse: 83/39)

In all the domestic mammals the a. ophthalmica externa arises from the maxillary artery; in the cat
rostrodorsally from the rete mirabile. In the dog the site of origin is rostral to the alar canal and in the
horse even within this canal. In the pig and ruminants its point of origin lies rostral to the crista
pterygoidea. The external ophthalmic artery reaches the apex of the eye muscle pyramid which is
surrounded by periorbita. It perforates this periorbital tissue and turns along the internal surface of the
periorbita running dorsally over the ocular muscles to the medial side, thereby executing a rostrally
convex curve.

In the domestic mammals the external ophthalmic artery forms the main supply to the bulbus oculi
and its ancillary organs. It sends the a. ethmoidalis externa and, except in the cat and ruminants, the a.
meningea rostralis into the cranial cavity. It supplies the frontal region by means of the a. suborbitalis
and, in the pig, also the a. supratrochlearis. The bulbus is supplied by the aa. ciliares posteriores breves,
the aa. ciliares posteriores longae; the a. centralis retinae, the aa. episclerales and the aa. ciliares
anteriores. The accessory organs of the bulbus receive their blood supply through the rr._ musculares, the
a. lacrimalis, the aa. conjunctivales posteriores, the aa. conjunctivales anteriores and through some of the
aa. palpebrales. There is considerable species and individual variation in the sequence with which these
vessels arise.

In addition to the already-mentioned vessels, in the dog the external ophthalmic artery gives off,
shortly after its origin, the r. anastomoticus cum a. carotide interna which is caudally directed and enters
the cranial cavity through the orbital fissure where, lateral to the middle cranial fossa, it anastomoses
with the internal carotid artery. Intracranially it also anastomoses with the middle meningeal artery via
the . anastomoticus cum a. meningea media. In ruminants the external ophthalmic artery forms the rete
mirabile opththalmicum within the periorbita at the site of origin of the eye muscles. In all domestic
mammals the external ophthalmic artery gives off the r. anastomoticus cum a. ophthalmica interna which
passes between the eye muscles and links up with the internal ophthalmic artery which accompanies the
optic nerve.

In the domestic mammals the a. ophthalmica interna is only a slender vessel which arises from the a.
cerebri rostralis, except in the ox, in which it arises from the rostral epidural rete mirabile or the rete
mirabile chiasmaticum. The internal ophthalmic artery accompanies the optic nerve to the bulbus oculi.
After joining the r. anastomoticus of the external ophthalmic artery, as noted above, and entering the
optic bulb, the internal ophthalmic artery becomes the a. centralis retinae.

From this vessel junction arise in carnivores, the pig and horse, the a. centralis retinae to the optic
papilla and the aa. ciliares posteriores longae which run between choroid and sclera to the ciliary body
and the iris, giving off branches to the choroid. In ruminants the long posterior ciliary arteries are
branches of the external ophthalmic artery and they give off the central retinal artery. In all the domestic
mammals they are the source of the aa. ciliares posteriores breves which perforate the sclera near the optic



114 Arteries

Fig. 84. Arteries and veins of the orbit and temporal fossa of a horse. (Part of the zygomatic arch, the temporal musculature and the periorbita have been
removed. Left lateral view).
(After Zietzschmann, 1943.)
1, 1' m. temporalis; 2, 2’ mm. pterygoidei lateralis and medialis; 3 m. tensor veli palatini; 3’ m. levator veli palatini; 4 m. masseter; 5 m. rectus dorsalis; 6 m.
rectus lateralis; 7 gl. lacrimalis; 8 n. mandibularis; 9 n. lacrimalis; 10 r. zygomaticofacialis from 12; 17 branch of the n. oculomotorius to the m. obliquus
ventralis; 72 n. maxillaris; 13 n. palatinus minor

Arteries: 4 a. carotis interna with n. sympathicus; b a. maxillaris; c rr. pterygoidei; 4 a. meningea media; e a. temporalis profunda caudalis; f a. temporalis
profunda rostralis; g a. supraorbitalis; 4 a. lacrimalis; b’ a. palpebralis superior lateralis; 5" a. palpebralis inferior lateralis; /, m a. palpebralis inferior
medialis; # a. palpebralis superior medialis; 0 a. buccalis; p artery to the orbital fat

Veins: 14 v. profunda faciei; 15 v. ophthalmica externa ventralis; 75’ v. emissaria fissurae orbitalis; 15" v. malaris; 15" origin of the vv. ciliares; 15 v.

lacrimalis; 75" v. ophthalmica externa dorsalis; 15 v. supraorbitalis; 16 plexus pterygoideus; 16’ v. temporalis profunda caudalis; 76" v. temporalis profunda

rostralis; 76" r. anastomoticus; 17 termination of the v. emissaria foraminis laceri into the sinus petrosus ventralis (17'); 18 v. emissaria foraminis
retroarticularis

19 meatus acusticus externus; 20 facies articularis; 21 proc. zygomaticus of the os frontale, cut off; 22 orbita, cut edge; 23 proc. styloideus

nerve and the aa. episclerales which supply the sclera from the outside. Furthermore, the external
ophthalmic artery gives off the rr. musculares to the muscles of the eye. In carnivores, ruminants and the
horse, the aa. ciliares anteriores stem from the muscular branches, whereas in the pig they arise directly
from the external ophthalmic artery. Except in the pig these muscular branches also supply other aa.
episclerales. While these episcleral arteries participate in the vascularization of the sclera from the
outside, the anterior ciliary arteries perforate the sclera near the corneo-scleral junction, unite with the
posterior ciliary arteries and jointly vascularize the ciliary body and the iris. In carnivores and ruminants
the rr. musculares also give off the aa. conjunctivales posteriores; in the horse these arteries originate
from the external ophthalmic and in the pig from the anastomosing ramus with the internal ophthalmic
artery. These arteries run along the sclera to reach the conjunctiva.
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The a. lacrimalis to the lacrimal gland is a stout vessel which arises from the external opthalmic artery
except in the cat, in which animal it derives from the maxillary artery or its rete. The lacrimal artery
gives off in the dog, and especially in the cat, branches to the muscles of the bulb of the eye. In the pig
and horse the lacrimal artery gives rise to the a. palpebralis superior lateralis and the a. palpebralis
inferior lateralis, which supply, from the lateral canthus of the eye, the upper and lower eyelids
respectively.

The a. supraorbitalis is absent in the dog. In the other animals it runs through the supraorbital canal
and, in the cat, it leaves the orbit caudal to the zygomatic process of the frontal bone. It perforates the
periorbita giving off branches to it, to the orbital periosteum and to the frontal sinus. Except in the small
ruminants it extends to the frontal region. In the pig it divides into delicate twigs in this region, in the ox
it ramifies in the frontal skin and musculature and in the horse it extends to the frontal and parietal
regions and the dorsum of the nose. While still within the orbit, the supraorbital artery of the ox gives
off both the aa. conjunctivales anteriores which enter the conjunctiva from the eyelids, and also the a.
ethmoidalis externa. Only the pig has an a. supratrochlearis-which stems from the first part of the
external ophthalmic artery before the latter enters the periorbita. This supratrochlear artery also enters
the periorbital region, giving off branches to the muscles of the eye before leaving the periorbita
dorsally. Above the upper eyelid it lies on the zygomatic process where it gives off the a. palpebralis
superior medialis and then ramifies in the scutular musculature.

Another stout vessel from the external ophthalmic which leaves the periorbita, is the a. ethmoidalis
externa. In the ruminant it arises from the supraorbital artery. It courses to the ethmoid foramen
through which it reaches the ethmoid fossa. Here it gives off, in the dog and horse, the a. meningea
rostralis. In the pig the external ethmoidal artery stems directly from the external ophthalmic artery and
gives off ar. ad rete mirabile epidurale rostrale. In the dog the external ethmoidal artery perforates the
lamina cribrosa and participates with the aa. septales candales in the vascularization of the nasal septum.

The a. palpebrae tertiae is a branch of the external ophthalmic artery only in the horse.

A. malaris
(Comparative: 77-82/46; sheep: 184/53; horse: 83/45)

The a. malaris rises ventral to the orbit, from the infraorbital artery in carnivores and the horse and
from the maxillary artery in ruminants and in the pig. Running medial to the temporal process of the
zygomatic bone and over the ventral surface of the orbit it reaches the medial canthus of the eye. Here it
gives off the a. palpebrae tertiae to the nictitating membrane, which in the horse has already received
branches of the external ophthalmic. It also gives off the a. palpebralis inferior medialis to the lower
eyelid and, except in the pig and ox, the a. palpebralis superior medialis to the upper eyelid. The latter
vessel arises in the pig from the supratrochlear artery but it is lacking altogether in the ox in which
species the lateral superior palpebral artery supplies this area. In the pig the r. frontalis of the malar
artery extends to the forehead and in the ox gives off the r. angnlaris oculi. This latter ramus runs to meet
the a. angularis oculi. Only in the pig do aa. conjunctivales anteriores originate from the malar artery.
The malar artery also gives rise in the sheep to the a. lateralis nasi, in the goat and ox to the a. lateralis
nasi candalis and in the pig, sheep and ox it also gives off the a. dorsalis nasi. These arteries have already
been dealt with on a comparative basis (see p. 108).

A. infraorbitalis
(Comparative: 77-82/51; pig: 183/52'; sheep: 184/54; horse: 83/44)

As one of the terminal branches of the maxillary artery, the a. infraorbitalis passes through the
maxillary foramen into the infraorbital canal. This canal is extremely short in the cat and therefore the
initia] part of this artery lies ventral in the orbit. In carnivores and horses the infraorbital artery gives off
the malar artery, which has already been described, and then the rr. dentales which drain the molar
teeth. In the cat these dental rami usually perforate the wall of the orbit ventrally. Before leaving the
infraorbital canal the infraorbital artery, in all domestic mammals except ruminants, gives off the dental
rami which pass through the alveolar canal to the anterior premolars, canines and incisor teeth. The a.
dorsalis nasi, which has already been described on p. 108, originates from the infraorbital artery only
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in carnivores. In the cat it originates within the orbit and both it and its vessel of origin then pass
through the infraorbital canal. In the dog, on the other hand, this artery, known in this species as the 4.
dorsalis nasi rostralis, arises only rostral to the infraorbital canal. The a. lateralis nasi of carnivores and
the aa. laterales nasi of pigs also stem from the infraorbital artery (see p. 108).

A. palatina descendens
(Comparative: 77-82/53-55; pig: 183/52; sheep: 184/22)

The a. palatina descendens is the rostroventrally-directed terminal branch of the maxillary artery. In
the fossa pterygopalatma it divides into the 4. spbenopalatma, the a. palatma minor and the a. palatina
major. In carnivores and the horse the sphenopalatine artery is the last and in the pig and ruminants the
first vessel. In the cat the lesser palatine artery usually arises independently from the maxillary artery
before the descending palatine artery is given off. The a. sphenopalatina runs through the spheno-
palatine foramen and reaches the nasal cavity caudally and then ramifies with its aa. nasales caudales,
laterales and septales in the mucosa of the ventral meatus and of the caudal part of the ventral nasal
turbinate and the nasal septum. The 4. palatma minor courses lateral to the pterygoid process to supply
the velum palatinum. The a. palatina major goes through the major palatine canal and along the sulcus
palatinus rostralis. In the region of the palatine fissure it unites with the artery of the other side to form
an arch. Along its course through the palatine groove it gives off branches to the hard palate and, by way
of the palatine fissure, sends branches to the mucosa of the rostral part of the floor of the ventral nasal
meatus where it joins branches of the sphenopalatine artery.

Aorta thoracica
(Comparative: 85-88/31; cat: 91/1'; dog: 94, 95/1; pig: 96/1'; 153/45; goat: 154/29; sheep: 99/1'; ox:
102, 155/2; horse: 50/20; 89/1; 103/2; 211/1)

A summary of the course of the thoracic aorta and its branches has already been given (see p. 72)

, Aa. intercostales dorsales
(Comparative: 85-88/32; cat: 90/1', 14; 91/13, 14; dog: 92/31, 32; 94, 95/2, 6; pig: 96/17; 97/21-25;
98/17'; sheep: 99/17; 101/17"; ox: 102, 155/5; horse: 50/21; 89/2; 103/22)

Those aa. intercostales dorsales which do not originate from the a. intercostalis suprema or, the a.
vertebralis thoracica in the dog, leave the thoracic aorta in a segmental pattern. In the domestic mammals
they correspond to the number of intercostal spaces present. The species variations in the orlgm of the
dorsal intercostal arteries are shown in the following table although every possible variation is not listed.

Vessels of origin of the first and subsequent aa. intercostales dorsales

There are no fundamental differences in the course and subsequent branching of the intercostal
arteries whether they originate from the a. intercostalis suprema, the a. vertebralis thoracica or the aorta
thoracica. However, the left and right branches of any one segment may arise as a common stem. The
arteries which are destined for the cranial intercostal spaces and which do not arise from the vessels of
origin recorded above, are only of rudimentary development. It should be pointed out that the truncus
costocervicalis, the a. cervicalis profunda and the a. scapularis dorsalis are homologous, all being very
stout dorsal or lateral branches of these segmental vessels.

Initially the dorsal intercostal artery courses towards the body of the vertebra which has the same
numerical designation. It then crosses the lateral aspect of the vertebral body and gives off the r. dorsalis
caudoventral to the transverse process. The artery itself continues into the intercostal space where at first
it runs for a short distance between the intercostal muscles. It then lies subpleurally close to the caudal
border of the rib and continues ventrad in the sulcus costae in company with the corresponding nerve
and the homonymous vein, lying caudally to the former and cranially to the latter. In carnivores and the
pig it sends several rr. collaterales across the rib to its cranial border. In the horse, similar branches go
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through the intercostal space to the cranial border of the following rib. Allowing for species and regional
differences, there are up to seven rr. cutanei laterales, the rr. mammarii to the thoracic mammary
complex and the r7. phrenici in the region of the asternal ribs. With the exception of the cranial
rudimentary vessels, the dorsal intercostal arteries anastomose at about the level of the costochondral
junction with the rr. intercostales wventrales of the internal thoracic and, where applicable, the
musculophrenic artery. In the p1g and rummants ventral intercostal branches in the more caudal region
stem from the cranial epigastric artery.

Ther. dorsalis traverses the intercostal space, giving off ar. interspinosus to the spinous processes and
their ligaments and muscles and then, at the level of the for. intervertebrale, it gives off the 7. spinalis
which passes through either the intervertebral foramen or the lateral vertebral foramen and enters the
vertebral canal. The spinal ramus divides into the r. canalis vertebralis and the a. nervomedullaris. The
latter is not constantly present at every segment, expecially in pigs. The dorsal ramus now ascends
caudal to the transverse process where, in the pig, it is bridged by a bony lamella, and proceeds lateral to
the m. multifidus to reach the skin as the r. cutanens medialis.

In their course the dorsal intercostal arteries supply the bodies of the thoracic vertebrae, the vertebral
canal and its contents, the muscles of the trunk, that part of the thoracic wall which is supported by the
ribs, the thoracic part of the musculature of the pectoral girdle and the skin except over the shoulder
blade. The rr. cutanei laterales and the muscle branches are arranged in series, especially in the region of
the long back muscles. Two or three of these lateral vessels enter the longissimus dorsi and some run
between it and the iliocostalis muscle. These lateral cutaneous rami from the sequential dorsal intercostal
arteries progress towards the surface along with the lateral cutaneous rami of the dorsal spinal nerve
branches, while the dorsal rami of the intercostal arteries continue as cutaneous vessels in company with
the cutaneous branches of these dorsal spinal nerve branches.

Vessels of origin of the first and subsequent aa. intercostales dorsales

cat I II + III IV-XII
truncus costocervicalis a. intercostalis suprema aorta thoracica
dog I IT and on the right also III IIT (left), IV-XII
truncus costocervicalis a. vertebralis thoracica aorta thoracica
pig I+ 11 ) 1I1-v VI-XIV
Generally absent or repre- a. intercostalis suprema aorta thoracica

sented by a slender branch
of the artery which passes
through the 1st or 2nd
intercostal space

rumi- I-111 IV-XII
nants a. intercostalis suprema aorta thoracica
horse I 11 III + IV (V) V-XVII
a. cervicalis profunda a. scapularis  a. intercos- aorta thoracica
dorsalis talis
suprema

A. costoabdominalis dorsalis
(Comparative: 85-88/36; cat: 90/15; pig: 97/20; horse: 50/22)

The thoracic aorta sends the a. costoabdominalis dorsalis to the last rib, the branches of this artery
being typical of a dorsal intercostal artery. The name of this vessel indicates that it runs along the border
between the thoracic and abdominal wall but that it is no longer situated in an intercostal space. Its area
of supply extends into the lateral abdominal wall. In the dog and pig the dorsal costoabdominal artery is
developed only in the proximal part of the last rib. In its place the pig has a branch of the cranial
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Fig. 89. A, intercostalis dorsalis and r. intercostalis ventralis of the horse. Transverse section

through the thorax, diagrammatic. Caudal view,
A corpus vertebrae; B proc. spinosus; C costa; D sternum

a m. multifidus; b m. spinalis thoracis, m. longissimus thoracis; ¢ m. iliocostalis;  m. serratus
dorsalis; ¢ m. serratus ventralis; { m. latissimus dorsi; g m, cutaneus trunci; b m. serratus ventralis: i
m. pectoralis profundus, k& m. transversus thoracis

1 aorta thoracica; 2 a. intercostalis dorsalis, 3 r. dorsalis, 4 r. spinalis, 5 r. interspinosus, 6 r. cutancus
medialis, 7 rr. musculares, 8 rr. cutanei laterales; 9 a. thoracica interna, 10 r. intercostalis ventralis,
11 r. perforans, 12 r. sternalis, 13 r. muscularis; 14 v. azygos dextra

abdominal artery which vascularizes the distal part of the last rib. In the cat, ruminants and the horse, on
the other hand, the dorsal costoabdominal artery continues beyond the last rib; in the ox it anastomoses
with the r. costoabdominalis ventralis of the cranial epigastric artery.

A. phrenica cranialis
(horse: 50/24; 88, 103/37)
The a. phrenica cranialis occurs only in the horse. It arises at the level of the 16th thoracic vertebra as

a slender vessel from the ventral wall of the thoracic aorta and immediately enters either the right or left
crura of the diaphragm.
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Fig. 90. Arteries of the thoracic inlet and of the thoracic wall of a cat. Left lateral view.
(After Opitz, 1961, Diss., Hanover.)

AL, B 1V, CX. costa; D sternum; E trachea; F lobus cranialis pulmonis dextri; G cor; G’ auricula sinistra

a m. iliocostalis thoracis; b m. longissimus thoracis; ¢ mm. spinales et semispinales thoracis; d m. splenius; e m. serratus ventralis cervicis; f m. scalenus; g m.
longus capitis; » m. sternocephalicus; i mm. pectorales superficiales; i m. pectoralis profundus; £ mm. intercostales externi; ' mm. intercostales interni; /
m. rectus abdominis; 7 m. transversus abdominis

1 arcus aortae; 2 truncus brachiocephalicus; 3 a. subclavia sinistra; 3’ a. thoracica externa; 4 a. vertebralis; 5 truncus costocervicalis; 3’ a. intercostalis dorsalis

Twithr. collateralis, 5" r. dorsalis; 6 a. cervicalis profunda; 6’ a. intercostalis suprema; 7 a. scapularis dorsalis; § a. cervicalis superficialis; 8' r. ascendens; 9 a.

thoracica lateralis; 10 a. axillaris; 17 a. thoracica interna; 11” a. intercostalis ventralis; 12 rr. perforantes; 12’ common vessel of origin for the aa. intercostales

ventrales I and II; 13 a. carotis communis; 74 aa. intercostales dorsales; 14', 14", 14™, 14V rr. cutanei laterales; 15 a. costoabdominalis, 75/, 15% rr. cutanei
laterales

Visceral arteries of the thoracic aorta

A. broncho-oesophagea
(Comparative: 85-88/38; dog: 94, 95/3, 7; sheep: 99/18; 100/1; ox: 155/3, 4; horse: 50/23; 103/27)

The a. broncho-oesophagea arises from the thoracic aorta or from one of the first three dorsal
intercostal arteries which themselves stem from the thoracic aorta. It may be a paired or but a single
vessel and the r. bronchalis and the r. oesophagens may each arise independently. In the cat both
bronchial rami arise at the level of the 4th intercostal space from the thoracic aorta or the 5th dorsal
intercostal artery and the oesophageal rami have variable points of origin. The dog has a right and a left
broncho-oesophageal artery which arise from the 4th, 5th or 6th dorsal intercostal artery close to the
thoracic aorta or, indeed, they may spring from the aorta itself. In the pig the thoracic aorta gives off a
single broncho-oesophageal artery. In the small ruminants the origin of the unpaired broncho-
oesophageal artery is at the level of the 6th and in the ox at the level of the 7th thoracic vertebra. The
bronchial and oesophageal rami can also spring from the aorta independently. The unpaired and very
short broncho-oesophageal artery of the horse arises, as in the ox, from the thoracic aorta or rarely the
5th or 6th dorsal intercostal artery at the level of the 6th thoracic vertebra. In the carnivore the bronchial
ramus reaches the radix pulmonis on each side and subdivides in company with the bronchi as the
nutritive vessels of the lung. In all the other domestic mammals the corresponding division of the
bronchial ramus to each lung occurs in the region of the bronchial bifurcation. The oesophageal ramus
and its branches supply the intrathoracic part of the oesophagus. In the pig, however, the oesophageal
branch vascularizes that organ no further than the base of the heart.
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Fig. 91. Branches of the aorta and arteries to the body wall of a cat. View from the right
and ventromedial.
(After Opitz, 1961, Diss., Hanover.)

A 1IL, B VI, C IX. costa; D stumps of the right ribs or costal cartilages; E trachea; F
symphysis pelvina
a m. latissimus dorsi; b mm. spinales et semispinales thoracis et cervicis; ¢ mm. longissimi
thoracis et cervicis; d m. trapezius; e mm. rhomboidei cervicis et capitis; f m. serratus
ventralis cervicis; g mm. intercostales interni; g’ mm. intercostales, cut surface; b m.
pectoralis profundus; i m. rectus abdominis; & m. transversus abdominis; / diaphragma,
pars costalis, I pars sternalis, m, m' pars lumbalis; » m. psoas minor; o m. sartorius of the
right, o’ of the left pelvic limb; p m. tensor fasciae latae; ¢ m. glutaeus medius; r m.
glutaeus superficialis; s m. sacrocaudalis dorsalis lateralis; ¢ m. abductor cruris cranialis; »
mm. abductores, cut surface; v m. gracilis
1 arcus aortae; 1’ aorta thoracica; 1”, 30 aorta abdominalis; 2 truncus brachiocephalicus; 3
a. subclavia sinistra; 3’ a. subclavia dextra; 4 a. vertebralis; 5 truncus costocervicalis; 6 a.
carotis communis sinistra; 6' a. carotis communis dextra; 7 a. scapularis dorsalis; 8 a.
cervicalis superficialis; 9 a. thoracica externa; 10 a. axillaris; 17 a. thoracica interna sinistra
or dextra; 12 aa. intercostales ventrales, 12 rr. collaterales; 13 common vessel of origin for
the aa. intercostales dorsales III, IV and V; 14 aa. intercostales dorsales; 15 a. coeliaca; 16
a. mesenterica cranialis; 7 common vessel of origin for 18 a. phrenica caudalis and 19 a.
abdominalis cranialis; 20 aa. renales; 27 aa. lumbales; 22 aa. ovaricae; 23 a. mesenterica
caudalis; 24 aa. circumflexae ilium profundae; 25 aa. iliacae externae; 26 a. profunda
femoris; 27 a. femoralis; 28 a. abdominalis caudalis; 29 a. epigastrica caudalis; 30 aorta
abdominalis; 37 a. epigastrica cranialis; 32 aa. iliacae internae; 33 a. sacralis mediana

Fig. 93. Arteries and veins of the ventral body wall of a bitch. Ventral view.
(After Zietzschmann, 1943.)
I, 1L, 111, IV gll. mammariae
a a. and v. thoracica interna, rr. sternales and rr. mammarii of the rr. perforantes; 4 a. and
v. epigastrica cranialis superficialis, rr. mammarii; ¢ a. and v. epigastrica caudalis
superficialis with the rr. mammarii; ¢’ r. labialis ventralis of the a. and v. pudenda externa;
d a. and v. thoracica lateralis with rr. mammarii

1 mm. pectorales superficiales; 2 m. pectoralis profundus; 3 proc. vaginalis; 4 vulva
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Fig. 94. Arteria and vena broncho-oesophagea sinistra of a dog.
(After Stitz, 1936, Diss., Hanover.)

a trachea; b oesophagus

I aorta thoracica; 2 a. intercostalis dorsalis V sinistra; 3 a. broncho-
oesophagea sinistra; 4 rr. bronchales; 5 r. oesophageus; 6 a. intercostalis
dorsalis V1 dextra; 7 a. broncho-oesophagea dextra; 8 rr. bronchales; 9 r.
oesophageus; 70 v. cava cranialis; 11 v. azygos dextra; 12 v. intercostalis
dorsalis V sinistra; 13 v. intercostalis dorsalis V1 dextra; /4 v. broncho-
oesophagea sinistra; 15 v. bronchalis; 16 v. ocsophagea; 17 v. broncho-
oesophagea dextra; 18 vv. bronchales; 19 v. oesophagea
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Fig. 95. Arteria and vena broncho-oesophagea dextra of a dog,
(After Stitz, 1936, Diss., Hanover.)

In all animals the thoracic aorta gives off further rr. oesophagei. In the pig, these vascularize only the
caudal part of the oesophagus. The rr. pericardiaci and mediastinales also stem from the aorta. All the
above-mentioned branches of the thoracic aorta participate in the blood supply to the lymph nodes

which are situated within their distribution area.

Aorta abdominalis
(Comparative: 85-88/39; 105-108, 136-143/1; cat: 91/1", 30; 109/1; dog: 110/1; pig: 97, 111/1; 98/1";
sheep: 101/1"; 112/1; ox: 113/1; horse: 50/25; 104, 114/1; 211/1")

From the point of view of comparative anatomy, the place where the thoracic aorta becomes the
abdominal aorta is located at the thoracic side of the hiatus aorticus. For this reason the arteries
supplying the lumbar region, the lateral abdominal wall and the abdominal viscera are all tributaries of
the aorta abdominalis. The reader is referred to the summary of the aorta on page 72.
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Aa. lumbales
(Comparative: 85-88/40; cat: 91/21; 109/5; dog: 110/2; pig: 97/18; 98/20; 111/2, 2'; sheep: 101/21;
112/4, 6; ox: 113/1', 1"; horse: 50/26)

In the various domestic mammals the paired aa. lumbales correspond in number to the lumbar
vertebrae and the majority leave the dorsal wall of the abdominal aorta as segmental vessels. In
carnivores, small ruminants and the pig the last lumbar artery atises from the a. sacralis mediana, in the
ox it comes off the a. iliolumbalis and in the horse the last two lumbar arteries branch from the a. iliaca

Fig. 96. Arteries of the thoracic cavity of a pig. Left lateral view.
(After Kihler, 1960, Diss., Hanover.)

A vertebra cervicalis III, proc. transversus; B costa I; C costa VIII; D sternum; E arcus costalis

a m. rhomboideus; & m. splenius capitis; ¢ m. splenius cervicis; d m. complexus; ¢ mm. spinales thoracis et cervicis; f m. multifidus; g m. longissimus
thoracis; # m. iliocostalis cervicis; 7 m. sternomastoideus; # m. scalenus ventralis; / mm. pectorales superficiales and m. pectoralis profundus; m m.
transversus abdominis; 7 m. longus colli; o m. sternothyreoideus; p m. sternohyoideus; g m. transversus thoracis; 7—" diaphragma: r pars costalis, r’ pars
sternalis, 7" centrum tendineum; s mediastinum; ¢ oesophagus; # trachea; #' bronchus principalis; v ventriculus sinister; v’ auricula sinistra; v” auricula
dextra; w thymus
1 arcus aortae; 1" aorta thoracica; 2 truncus brachiocephalicus; 3 a. subclavia sinistra; 4 truncus costocervicalis; 4’ a. cervicalis profunda; 4” a. intercostalis
suprema; 5 a. scapularis dorsalis; 6 a. vertebralis; 7 a. cervicalis superficialis; 8 a. thoracica interna; 9 a. thoracica externa; 10 a. thoracica lateralis; 17 a.
brachialis; 12 a. suprascapularis; 13 a. axillaris (dorsally displaced); 74 a. subscapularis; 15 a. thoracodorsalis; 16 a. carotis communis; 16" a. thyreoidea
cranialis; 17 aa. intercostales dorsales sinistrae; 17’ a. intercostalis dorsalis dextra; 17 r. cutaneus lateralis; 18 a. musculophrenica; 79 a. epigastrica cranialis;
41 truncus pulmonales; 41 lig. arteriosum; 42 vv. pulmonales; 43 v. azygos sinistra; 44 r. interventricularis paraconalis of the a. coronaria sinistra; 45 v.
cordis magna

interna. The arteries for one and the same segment can have a common origin. The pattern of branching
of the lumbar artery resembles that of the dorsal intercostalis.

Lateral to each appropriate lumbar vertebra, the a. lumbalis curves to the caudal border of the
transverse process and immediately gives off a branch to the body of the vertebra. This branch is
followed by the r. spinalis which supplies the spinal canal and cord, and the 7. dorsalis which courses
through the musculature of the back, to which it supplies branches, and finally ends as a cutaneous
branch. The main trunk of the lumbar artery, which follows the caudal border of the lumbar transverse
process, supplies dorsally-directed branches to the trunk muscles and these branches, like the dorsal
intercostal arteries, are arranged in rows corresponding to the course of the long muscles of the back.
Some of these branches participate in the vascularization of the skin of the back. Ventrally directed
branches go to the inner lumbar musculature. Only in the horse is it possible to follow the lumbar
arteries beyond the transverse processes of the lumbar vertebrae between the transverse and internal



128 Arteries

Fig. 97. Arteries and veins of the diaphragm of a pig. Caudal view.
(After Biermann, 1953, Diss., Hanover.)

F for. venae cavae; H hiatus oesophageus

a—h diaphragma: a pars sternalis, b, b' pars costalis, c, ¢’, ¢” crus dextrum, 4 crus sinistrum of the pars lumbalis, e, f, g centrum tendineum, 4 tendon of
origin of the pars lumbalis; i m. retractor costae;j m. intercostalis internus; & m. transversus abdominis; / m. psoas major; m m. psoas minor; » m. quadratus
lumborum; o proc. xiphoideus; IX-XIV costae IX-XIV
1 aorta abdominalis; 2 a. ica cranialis; 3 a. coeliaca; 4 a. renalis; 5 a. phrenica caudalis, 6 branch to the crus mediale sinistrum, 7 branch to the crus
mediale dextrum; 8 a. epigastrica cranialis; 9 v. hemiazygos dextra; 10 v. cava caudalis; 11 v. phrenica cranialis from the crura medialia, 12 branch from the
crus mediale sinistrum, 13 branch from the crus mediale dextrum; 74 v. epigastrica cranialis; 15 a. and v. abdominalis cranialis, 16 r. caudalis, 17 r. cranialis;
18 rr. phrenici of the a. and v. lumbalis I; 19 rr. phrenici from 20 a. and v. costoabdominalis; 21-25 aa. and vv. intercostales dorsales XITI-IX, 26-30 rr.
phrenici; 37 a. and v. musculophrenica, 31 rr. phrenici; 32 r. phrenicus of the a. and v. epigastrica cranialis; 33 v. phrenica cranialis sinistra; 34 v. phrenica
cranialis dextra

oblique abdominal muscles, to which muscles they supply branches. In the pig and ruminants the first
pair of lumbar arteries send 7. phrenici to the crura of the diaphragm. The rr. suprarenales to the
adrenal glands are given off the 1st and 2nd lumbar arteries in the small ruminants and the 2nd lumbar
artery in the ox. In the dog, also, the adrenal glands receive branches from the lumbar arteries.



Abdominal aorta 129

Fig. 98. Arteries of the abdominal cavity and wall of a pig. Left ventrolateral view.
- (After Kihler, 1960, Diss., Hanover.)

A, A’ costa XIV sinistra and dextra; B os femoris, transected distal to the greater trochanter

a m. rectus abdominis; b m. transversus abdominis; ¢ m. obliquus internus abdominis; d m. obliquus externus abdominis; e m. psoas major; f-
diaphragma: f crus laterale dextrum, f” crus mediale dextrum, f” crus mediale sinistrum, g centrum tendineum, b pars costalis

1" a0rta abdominalis; 17’ aa. intercostales dorsales; 19 a. epigastrica cranialis; 20 aa. lumbales; 27 a. phrenica caudalis; 22 a. coeliaca; 23 a. mesenterica

cranialis; 24 a. abdominalis cranialis; 25 a. renalis; 25’ a. suprarenalis media; 26 a. ovarica; 27 a. mesenterica caudalis; 28 a. sacralis mediana; 29 a. iliaca

interna; 30 a. umbilicalis; 33 a. glutaea caudalis; 34 a. iliaca externa: 35 a. circumflexa ilium profunda; 36 a. femoralis; 37 a. profunda femoris; 38 truncus
pudendoepigastricus; 39 a. epigastrica caudalis; 40 a. pudenda externa

A. phrenica caudalis
(Comparative: 85-87/42; cat: 91/18; dog: 125/2; pig: 97/5; 98/21; 126/2; sheep: 101/19', 19"; ox: 127/2)

The a. phrenica caudalis is absent in the horse. In carnivores it arises, together with the a.
abdominalis cranialis, at the level of the 2nd lumbar vertebra either from the angle between the
abdominal aorta and the renal artery or from the renal artery itself. Sometimes in the dog the caudal
phrenic artery may arise from the thoracic aorta in the region of the aortic hiatus. In the pig and
ruminants, and occasionally also the cat, this artery arises as a single branch from the coeliac, but in the
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ox there may be separate branches to the right and left diaphragmatic crura respectively. In the pig and
the ox it may leave the abdominal aorta directly. The caudal phrenic artery runs dorsal to the adrenal
gland, giving off rr. suprarenales craniales to it, and continuing in a cranial direction it enters the crus of
the diaphragm where it ramifies. This completes the arterial blood supply to the pars muscularis of the
diaphragm up to the centrum tendineum.

A. abdominalis cranialis
(cat: 91/19; dog: 85/43; 92/35, 36; pig: 96/43; 97/15; 98/24)

In carnivores the a. abdominalis cranialis and the a. phrenica caudalis arise by a common trunk from
the abdominal aorta. The cranial abdominal artery turns towards the lateral wall of the abdomen,
thereby crossing the inner lumbar musculature. After giving off the cranial suprarenal rami and branches
to the inner lumbar musculature and to the iliocostalis muscle, it passes through the transverse

Fig. 99. Arteries of the thoracic cavity of a sheep. Left lateral view.
(After Miinter, 1962, Diss., Hanover.)

A costa I; A’ costa VII; A” costa XIII; B sternum

a m. sternomastoideus; b m. scalenus ventralis; ¢ m. brachiocephalicus; d m. trapezius, pars cervicalis; e m. serratus ventralis cervicis; f m. rhomboideus

cervicis; g m. semispinalis capitis; » m. longissimus cervicis; i m. longus colli; k£ m. iliocostalis thoracis; / m. longissimus thoracis; m mm. spinalis et

semispinalis thoracis et cervicis; # expansion of nuchal ligament at withers; o oesophagus; p trachea; r thymus, cervical part; s lobus cranialis, s’ lobus

accessorius of the right lung; ¢ cor; ¢’ auricula sinistra; ¢” auricula dextra; u—" diaphragma: # pars costalis, ' pars sternalis, #” centrum tendineum; v mm.
intercostales externi; w m. retractor costae; x m. transversus abdominis; y m. rectus abdominis; z m. transversus thoracis

1 arcus aortae; 1’ aorta thoracica; 2, 4 truncus brachiocephalicus; 3 a. subclavia sinistra; 3’ a. axillaris; 5 r. thymicus; 7 a. carotis communis sinistra, 7' r.

muscularis, 7" r. trachealis; 8 truncus costocervicalis; 9 a. intercostalis suprema; 10, 10’, 10" a. scapularis dorsalis; 77 a. cervicalis profunda; 12 a. vertebralis;

13 a. thoracica interna, 13’ rr. intercostales ventrales, 13" rr. perforantes, 13" rr. musculares; 14 a. epigastrica cranialis; 14" a. epigastrica cranialis

superficialis; 15 a. cervicalis superficialis, 75’ r. deltoideus, 15" r. ascendens; 16, 16", 16" a. thoracica externa; 17 aa. intercostales dorsales, 17’ r, cutaneus

ateralis; /8 a. broncho-oesophagea, s r. bronchalis, r. oesophageus; 19 truncus pulmonalis; 20 v. cava cranialis; 27 vv. pulmonales; 22 v. azygos

L lis; 78 a. bronch phagea, 18',18"r. b halis, 78" phageus; 19 pul lis; 20 alis; 21 pul les; 22 Vg
sinistra
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Fig. 100. A. bronchialis of a sheep. Dorsal view.
(After Hirtl, 1942, Diss., Hanover.)

A aorta thoracica; B oesophagus; C trachea; D bronchus lobaris caudalis sinister;

E bronchus lobaris caudalis dexter; F bronchus trachealis (Bronchus lobaris

cranialis dexter); G bronchus lobaris cranialis sinister; H bronchus lobaris

intermedius; J bronchus lobaris accessorius; I-V bronchi segmentales dorsales
and ventrales

1a. broncho—oesophageé; 2,5-9 rr. bronchales; 3 branch to the lymph node; 4 r.
oesophageus

abdominis muscle and courses between it and the internal oblique abdominis muscle. It divides into two
diverging branches of roughly equal calibre which convey blood to the cranial part of the abdominal
wall and also perforate the superficial muscles as far as the skin. In the cat its branches attain the level of
the stifle fold. In the pig the cranial abdominal artery springs from the abdominal aorta at the level of the
3rd lumbar vertebra; it runs over the inner lumbar muscles into the lateral abdominal wall and here it
divides into two divergent branches. One limb of the cranial branch runs along the distal part of the
caudal border of the last rib. There are anastomoses between the cranial abdominal and neighbouring
arteries in the lateral and ventral abdominal wall of the pig and carnivores.

A. circumflexa ilium profunda

(Comparative: 85-88/50; 105-108/10; 136—143/8; cat: 91/24; 109/4; dog: 92/41; 110/4; pig: 98/35;
111/6; sheep: 101/28; 112/8; ox: 113/20; 144/8; horse: 50/28; 104/13; 114/3)

The a. circumflexa ilium profunda arises in carnivores from the abdominal aorta at the level of the
6th lumbar vertebra. In the other domestic animals, and occasionally even in the dog, it originates from
the external iliac artery. In the ox and especially in the horse it may also arise from the angle at the origin
of the external iliac artery. In all the domestic animals it crosses the inner lumbar muscles ventrally and
perforates the transverse abdominis muscle and then divides into ar. cranialis and r. caudalis. These two
rami proceed between the m. transversus abdominis and the m. obliquus internus abdominis which they
supply with branches. The Inn. iliaci laterales are situated in the bifurcation of these rami. The caudal
ramus gives off the r. superficialis which perforates the external oblique abdominis muscle in a lateral
direction and meets the n. cutaneus femoris lateralis with which it continues to the tensor fasciae latae
muscle and the stifle fold. There it supplies blood to the Inn. subiliaci in all the domestic mammals
except carnivores in which these lymph nodes are absent.

In carnivores the division is less typical and the r. cranialis is the thinner of the two branches. In these
species the caudal ramus participates to only an insignificant degree in the supply of the abdominal
musculature. On the other hand, its superficial ramus is by far the most prominent of the branches of
the deep circumflex iliac artery in the dog. This ramus gives off branches not only to the stifle fold and
the lateral surface on the thigh but also branches running in the cutaneus trunci muscle to the lateral

9%
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abdominal wall, and dorsally directed branches to the skin of the lumbar and gluteal regions. In the pig,
too, the caudal branch runs immediately peripherally as the superficial ramus and divides as in the dog
although the dorsal branches do not extend as far as the lumbar and gluteal regions. In ruminants and the
horse, which do not have an a. abdominalis cranialis, the a. circumflexa ilium profunda supplies the
lateral wall of the abdomen by means of its cranial and caudal rami. In the horse these extend

Fig. 101. Arteries of the abdominal and pelvic cavities and of the abdominal wall of a sheep. Right and medial view.
(After Miinter, 1962, Diss., Hanover.) :

A os ischii; B tendo praepubicus; C tendo symphysialis; D Inn. mammarii

a-b' diaphragma; a crus dextrum, a’ tendon of origin, b pars costalis, b’ centrum tendineum; ¢ m. transversus abdominalis (caudal part of the muscle
removed); d m. psoas minor; e m. psoas major (middle part of both muscles has been excised); f m. obliquus internus abdominis; g m. rectus abdominis; »
m. iliacus '

1" aorta abdominalis; 13 a. musculophrenica; 17” aa. intercostales dorsales, 17 r. phrenicus; 19 a. coeliaca; 19, 19" aa. phrenicae caudales; 20 a. mesenterica

cranialis; 21 aa. lumbales; 21 rr. suprarenales craniales; 22 a. renalis; 22' rr. suprarenales caudales; 23 a. ovarica; 24 a. mesenterica caudalis; 25 a. iliaca

externa; 26 a. iliaca interna; 28 a. circumflexa ilium profunda, 29 r. cranialis, 30 r. caudalis, 30 r. superficialis; 37 a. femoralis; 31" a. circumflexa femoris

lateralis; 32 a. profunda femoris; 33 truncus pudendoepigastricus; 34 a. abdominalis caudaliss 35 a. epigastrica caudalis; 36 a. pudenda externa; 37 a.

epigastrica caudalis superficialis (a. mammaria cranialis); 38 r. labialis ventralis (a. mammaria caudalis); 39, 40, 41 rr. mammarii; 42 a. umbilicalis; 43 a.
uterina; 44 a. perinealis ventralis, 44’ r. mammarius 45 r. labialis dorsalis

craniomedially to beyond the costal arch. The superficial ramus in the ox, and especially the horse, is
confined to the regions of the stifle fold and the upper thigh. The peripheral branches of the deep
circumflex iliac artery can anastomose with neighbouring vessels and in this context special mention
should be made of the possible connection of the superficial ramus with the a. epigastrica candalis
superficialis, the mammary artery in females.

The visceral arteries of the abdominal aorta will be discussed together with the visceral arteries of the
pelvic cavity (see p. 159).
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Fig. 102. Arteries and veins of the thoracic cavity of an ox. Pleural mediastinum has been removed. Left lateral view.

A, A' costa I; B costa IV; C costa IX; D sternum
a m. trapezius; b m. brachiocephalicus; ¢ m. sternocephalicus; d mm. pectorales superficiales; e m. pectoralis profundus; f m. thomboideus cervicis; g m.
serratus ventralis cervicis; b m. splenius; z m. longissimus thoracis; k£ m. longissimus cervicis; / mm. longissimi capitis et atlantis; m mm. spinales et
semispinales thoracis et cervicis; # m. biventer cervicis; o m. complexus of the m. semispinalis capitis; p m. intertransversarius between vertebrae cervicales
VIand VII; g m. longus colli; » m. scalenus; s diaphragma, pars costalis, s pars sternalis, s” crus sinistrum, s'” centrum tendineum; ¢ In. mediastinalis caudalis
longissimus; # oesophagus; v trachea; w radix pulmonis; x pulmo dexter, lobus cranialis, x” lobus accessorius; y cor, pericardium removed
1 truncus pulmonalis; 2 aorta thoracica; 2’ truncus brachiocephalicus; 3 lig. arteriosum; 4 v. azygos sinistra; 5 aa. and vv. intercostales dorsales, 5’ rr. cutanei
laterales; 6 a. and v. subclavia sinistra; 7 truncus and v. costocervicalis; 8 a. and v. intercostalis suprema; 9 a. and v. scapularis dorsalis; 10 a. and v. cervicalis
profunda; /1 a. and v. vertebralis; 72a. and v. cervicalis superficialis; 73 a. and v. thoracica interna; 14 a. axillaris (dorsally displaced) and 74’ vv. axillares; 15
a. and v. thoracica externa; 16 a. carotis communis; 17 v. jugularis interna; /8 v. jugularis externa; 79 v. cephalica; 20 v. phrenica cranialis; 21 r. intermedius
of the v. cordis magna; 22 ductus thoracicus; 23 radices plexus brachialis; 24 n. phrenicus; 25 cervical part of the n. sympathicus; 26 ggl. stellatum; 27
truncus sympathicus, pars thoracica; 28 cervical branches of the n. sympathicus; 29 n. vagus; 29" bifurcation into trunci vagales dorsalis et ventralis; 30 n.
laryngeus recurrens

A. iliaca externa

(Comparative: 85-88/49; 105-108/9; 136-143/7; cat: 91/25; 109/6; dog: 110/5; pig: 98/34; 111/5; sheep:
101/25; 112/5; ox: 113/3; 144/7; horse: 50/27; 104/14; 114/2)

The a. iliaca externa is a stout vessel which issues from the abdominal aorta, in the cat at the level of
the 7th, in the dog and ruminants at the 6th and in the pig and horse at the 4th to 5th lumbar vertebrae.
Its course is initially directed ventrad over the inner lumbar musculature and then, lying craniomedial to
the body of the ilium and medial to the fascia iliaca, it continues to the lacuna vasorum. It becomes the
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femoral artery as it enters the femoral canal. Except in carnivores, it first gives off the deep circumflex
iliac artery which has already been described. In the horse only, the a. cremasterica (in males) or the a.
uterina (in females) are given off a short distance later (see below & p. 177). Even before entry into the
femoral canal the external iliac artery gives rise to the caudoventrally directed a. profunda femoris. The
a. abdominalis caudalis arises proximal to this artery in the ox and distally to it in carnivores.
Occasionally in the horse the truncus pudendoepigastricus arises from the external iliac proximal to the
origin of the deep femoral artery; in other instances its origin is, as in other domestic mammals, from the
first part of the deep femoral artery, whence it runs cranioventrally.

A. abdominalis caudalis
(cat: 91/28; 109/18; dog: 85/51; 105/17; 110/6; sheep: 101/34; 112/11""; ox: 87/51; 107/17)

Only carnivores, sheep and cattle have an a. abdominalis caudalis. It arises from the external iliac
artery. in carnivores distal and in the ox proximal to the origin of the deep femoral, while in the sheep it
stems from the deep femoral or the pudendoepigastric trunk. The latter may occasionally be the source
in the dog and the ox. Unlike the cranial abdominal artery, the caudal artery is but a slender vessel
running in a cranioventral direction, at first medial to the internal oblique abdominal muscle and then
within this muscle, parallel to the lateral border on the rectus abdominis. It gives off branches to the
external oblique abdominal muscle. In the dog there are connections with the deep branch of the caudal
epigastric and the deep circumflex iliac arteries.

A. profunda femoris

(Comparative: 85-88/52; 105-108/11; cat: 91/26; 109/14; dog: 110/7; pig: 98/37; 111/8; sheep: 101/32;
112/9; ox: 113/21; horse: 114/5)

Before it enters the femoral canal, the external iliac artery gives off the deep femoral artery and from
the initial section of the latter arises the truncus pudendoepigastricus. The deep femoral artery passes
caudally through the lacuna vasorum and turns lateroventral to the iliopubic eminence between the
iliopsoas and pectineus muscles. Progressing caudodistally it reaches the abductor muscles where it gives
rise to the a. circumflexa femoris medialis. Only in the dog and the pig does it continue distally on the
caudal surface of the fenur; in this location it is a stout vessel in the dog but slender in the pig. It supplies
a nutrient branch to the femur and, in the dog, several caudodistally directed muscular branches to the
mm, ‘adductores, one of which vessels perforates these muscles. In the pig, too, there are small branches
to the adductor muscles but they do not perforate them. These muscular branches correspond to the
initial part of the aa. perforantes of man.

Truncus pudendoepigastricus

(Comparative: 85-88/53; 105-108/13; 136-143/9; dog: 110/8; pig: 98/38; 111/9; sheep: 101/33; 112/11;
ox: 113/22; horse: 114/6)

The short truncus pudendoepigastricus originates from the deep femoral artery although in the
horse it may occasionally arise from the external iliac artery. It is the vessel of origin of the a. epigastrica
caundalis and the a. pudenda externa. From the pudendoepigastric trunk, or from one of these two
bifurcating branches, arises the a. cremasterica in males, except in the horse where this artery branches
from the first part of the external iliac artery. It supplies the m. cremaster externus and the proc.
vaginalis. A further branch in carnivores and pigs is the a. vesicalis media which runs from the ventral
body wall to the middle part of the urinary bladder.

A. epigastrica caudalis

(Comparative: 85-88/54; 105-108/14; 136—143/10; cat: 91/29; 109/15; dog: 110/9; pig: 98/39; sheep:
101/35; 112/11"; ox: 113/22'; horse: 114/7)

At the caudal border of the anulus inguinalis profundus the a. epigastrica caudalis issues from either
the pudendoepigastric trunk or, often in the cat and less frequently in the dog, from the deep femoral
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artery. It runs in a cranial direction medial to the internal inguinal ring, crosses the lateral border of the
rectus abdominis muscle and dips into the dorsal surface of this muscle which it vascularizes together
with the internal oblique abdominis muscle. At the level of the umbilicus its diverging terminal branches
link with those of the cranial epigastric artery and there are further anastomoses with the neighbouring
arteries of the lateral abdominal wall.

A. pudenda externa

(Comparative: 85-88/55; 105-108/15; 136-143/12; cat: 109/16; dog: 110/10; pig: 98/40; sheep: 101/36;
112/11'; ox: 113/22"; 114/25; horse: 114/8)

The a. pudenda externa is the second vessel branching from the pudendoepigastric trunk. Sometimes
in the cat and, more rarely, in the dog the external pudendal stems from the deep femoral artery. It
passes through the inguinal canal and is accompanied caudomedially in the male by the m. cremaster
externus. Thus this artery attains a superficial position in the inguinal region where it divides into the
cranially directed a. epigastrica candalis superficialis and either the r. scrotalis ventralis to the scrotum or
the r. labialis ventralis to the vulva. In male horses the external pudendal artery also gives off a stout
vessel, the a. penis cranialis, which participates in the blood supply to the penis.

The a. epigastrica caudalis superficialis runs towards the umbilicus along the sheath of the rectus
abdominis where it is situated superficially on the ventral abdominal wall. It supplies the skin and the
cutaneous muscles. It anastomoses with branches of the a. epigastrica cranialis superficialis in the region
of the umbilicus in ruminants and caudal to the umbilicus in carnivores. Branches are also supplied to
the Inn. inguinales superficiales, in so far as the latter lie within its ramification area. In males it sends
branches to the prepuce. In females, on the other hand, its distribution depends on the arrangement of
the mammary complex of the particular species. Its branches supply the abdominal and inguinal
mammary complexes. In the udder region of ruminants and the mare it becomes known as the a.
mammaria cranialis and its calibre here exceeds that of its preuberous part.

The course and distribution of the caudally directed branch of the external pudendal artery is also
dependent on species and sex. Its terminal branches usually link with corresponding branches of the
internal pudendal artery in the perineal region. As the r. scrotalis ventralis it supplies the scrotum in
males and, depending on the position of the scrotum, it subsequently has to travel a varying distance in
towards the perineum. In the female the r. labialis ventralis always runs superficially between the thighs
to the vulva. In the udder region of ruminants and horses it is present as the stout a. mammaria caudalis
and it also supplies the Inn. inguinales superficiales s. mammaria.

Arteries of the pelvic limb

The a. profunda femoris has already been described as a branch of the a. iliaca externa (see p. 135).

A. circumflexa femoris medialis
(Comparative: 85-88/59; 105-108/12; dog: 110/11; pig: 111/10; sheep: 112/13; ox: 113/24; horse:
114/9)

The a. circumflexa femoris medialis arises from the deep femoral artery cranial to the adductor
muscles and runs in these muscles ventral to the pelvic floor to the long ischiatic muscles. In a sequence
which varies according to the species, it gives off the r. obturatorius, the r. acetabularis, r. profundus, r.

Fig. 104. Aorta abdominalis and vena cava caudalis of a horse. Ventral view.
(After Martin, 1915.)
The organs and vessels of the left half of the body are marked by an apostrophe after the letter or number.
A-D diaphragma: A pars lumbalis, B pars costalis, C pars sternalis, D centrum tendineum; E m. psoas minor; F m. psoas major; G m. iliacus; H m.
sartorius; / m. gracilis
a ren; b ureter; ¢ vesica urinaria; d ductus deferens; e pars pelvina urethrae masculinae; f rectum; g gl. suprarenalis
1 aorta abdominalis; 2 a. coeliaca; 3 a. lienalis; 4 a. gastrica sinistra; 5 a. hepatica; 6 r. pancreaticus; 7 a. mesenterica cranialis; 8 a. mesenterica caudalis; 9 v.
cava caudalis; 70 v. phrenica cranialis; 71 a. and v. renalis; 12 a. and v. testicularis; 73 a. and v. circumflexa ilium profunda; 74 a. and v. iliaca externa; 15 a.
cremasterica; 16’ a. and v. femoralis; 17’ a. and v. circumflexa femoris lateralis; 18’ a. saphena and v. saphena medialis; 79 a. and v. iliaca interna; 20 a. and v.
pudenda interna; 21 a. umbsilicalis
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Fig. 105 Fig. 106

ascendens and r. transversus. This nomenclature was adopted in veterinary anatomy from the
corresponding branches of the medial circumflex femoral artery of man in which this artery has a less
extensive supply area. In man the distally directed deep femoral artery, which runs caudally on the
upper thigh, is a stout vessel, the muscular branches of which, the aa. perforantes, go through the
adductor muscles and supply only the musculature situated on the caudal part of the upper thigh. In the
domestic mammals, on the other hand, the deep femoral artery continues further distal only in the dog
and to some extent in the pig and still participates in supplying the caudal muscles of the thigh. In
domestic mammals this supply region extends from the proximocaudal part of the thigh towards the
flexor aspect of the knee for a distance which increases progressively in carnivores, pigs and ruminants.
This region is supplied not only by the aa. femoris caudales, which will be described under the branches
of the femoral artery, and which are represented in man in the distal part only by slender vessels, but
also by the a. circumflexa femoris medialis with its r. transversus. In domestic mammals, however, ther.
transversus is a descending vessel and would thus be better termed the r. descendens. It is the thickest
branch of the medial circumflex femoral artery and is its functional continuation. In the horse the medial
circumflex femoral artery itself is but a slender vessel and the ramification area of the r. transversus, or
descendens, follows that of the obturator artery (q. v.). The other branches of the medial femoral
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Fig. 107 Fig. 108

Figs. 105, 106, 107, 108. Arteries of the left pelvic limb supplying the tarsal region of the dog, pig, ox and horse. Diagrammatic, medial view.
1 aorta abdominalis; 2 a. sacralis mediana; 3 a. iliaca interna; 4 a. pudenda interna; 5 a. glutaea caudalis; 6 a. glutaea cranialis; 7 a. iliolumbalis; & a.
obturatoria; 9 a. iliaca externa; 10 a. circumflexa ilium profunda; 10" a. circumflexa ilium superficialis; 77 a. profunda femoris; 12 a. circumflexa femoris
medialis; 13 truncus pudendoepigastricus; 74 a. epigastrica caudalis; 75 a. pudenda externa; 16 a. femoralis; 17 a. abdominalis caudalis; /8 a. circumflexa
femoris lateralis; 19 r. ascendens; 19" a. iliacofemoralis; 20 r. descendens; 21 a. saphena, 22 r. cranialis; 23 aa. digitales dorsales communes I-IV; 24 r.
caudalis from 21; 25 branch of 24. Its terminology has not yet been standardized: in the literature it is referred to as either a. peronea or a. fibularis; 26 a.
plantaris lateralis, 27 r. profundus, 28 r. superficialis; 29 a. plantaris medialis, 30 r. profundus, 31 r. superficialis; 27 and 30 arcus plantaris profundus; 32 aa.
metatarseae plantares II-1V; 33 a. genus descendens; 34 a. caudalis femoris distalis, 35 a. comitans n. tibialis; 36 a. poplitea; 37 a. tibialis caudalis; 38 r.
anastomoticus cum a. saphena; 39 a. malleolaris caudalis lateralis; 40 a. interossea cruris; 40’ r. interosseus s. perforans; 41 a. tibialis cranialis, 42 r.
superficialis; 43 a. digitalis dorsalis V abaxialis; 44 a. dorsalis pedis; 45 a. tarsea perforans proximalis; 46 a. tarsea perforans distalis; 47 a. arcuata; 48 aa.
metatarseae dorsales II-IV; 49 r. perforans proximalis I1

circumflex artery are not very large in any of the domestic mammals. The . obturatorius runs in a dorsal
direction through the cranial part of the obturator foramen to vascularize the intrapelvic parts of the
obturator muscles. The r. acetabularis gives off branches which pass through the inc. acetabuli to the hip
joint and it also reaches the rotators of the hip. Ther. ascendens courses ventral to the floor of the pelvis
to reach the tuber ischiadicum and ramifies in the adductor and long ischiatic muscles. The r. profundus
is the true terminal branch of the artery and it passes caudal to the femur between the external obturator
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Fig. 109. Arteries of the left pelvic limb of a cat. Medial view.
(Afrer Biel, 1966, Diss., Hanover.)
A vertebrae lumbales; B vertebrae sacrales; C symphysis pelvina; D tibia; E os
metatarsale 11
a m, transversus abdominis; b m. rectus abdominis; ¢ m. psoas minor; d m.
iliopsoas; e m. sacrocaudalis ventralis lateralis; f m. coccygeus; g m. obturatorius
internus; & m. adductor longus and m. pectineus; i m. adductor; k, &' m.
semimembranosus: [ m. itendi : m m. vastus medialis; » m. rectus
femoris; o insertion of the caudal portion of the m. sartorius; p m. gastroc-
nemius, caput mediale; ¢ m. popliteus; r m. flexor digitalis superficialis; s m.
gastrocnemius, caput laterale; ¢ m. flexor hallucis longus; » m. flexor digitalis
longus; v m. tibialis caudalis; w m. tibialis cranialis; x mm. interossei

1 aorta abdominalis; 2 a. ovarica; 3 a. mesenterica caudalis; 4 a. circumflexa ilium
profunda; § aa. lumbales IV-VII; 6 a. iliaca externa sinistra; 6' a. iliaca externa
dextra; 7 a. sacralis mediana, § rr. sacrales; 9 a. iliaca interna sinistra; 9' a. iliaca
interna dextra; 10 a. umbilicalis sinistra; /0’ a. umbilicalis dextra; /1 a. pudenda

interna; 12 a. glutaea caudalis; 13 r. anastomoticus to the a. circumflexa ilium
1 h\ profunda; /4 a. profunda femoris; 15 a. epigastrica caudalis; 16 a. pudenda
TN y Voo externa; 17 a. vesicalis media; 18 a. abdominalis caudalis; 19 a. femoralis; 20 a.
4 '3- T circumflexa femoris lateralis; 21 aa, caudales femoris; 22-26 a. genus descendens;
" \&W 27 a. saphena, 28 r. cutaneus, 29 r. cranialis, 30 r. caudalis; 37 a. dorsalis pedis;
i 32 a. tarsea medialis; 33 a. caudalis mediana; 34 a. caudalis lateralis superficialis

dextra

and quadratus femoris muscles to the lateral side. Here it anastomoses with the lateral circumflex
femoral artery or, .in the horse, the iliacofemoral artery.

A. femoralis

(Comparative: 85-88/49; 105-108/16; cat: 109/19; dog: 110/12; pig: 98/36; sheep: 101/31; 112/10; ox:
113/25; horse: 104/16; 114/10)

The a. femoralis is the continuation of the external iliac artery after it enters the lacuna vasorum. In
the pig and ruminants the artery and its accompanying vein pass between the heads of origin of the
sartorius muscle. The femoral artery runs in a distal direction cranial to the femoral vein in the femoral
canal. It crosses the femur medially over the medial vastus muscle and reaches the flexor aspect of the
knee by passing through or distal to the adductor muscle. Between the heads of the gastrocnemius it
becomes the a. poplitea. The a. circumflexa ilium superficialis, which is present only in carnivores, is
given off the femoral artery before the entrance to the pelvic cavity. This is followed by the a.
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Fig. 110. Arteries of the right pelvic limb of a dog. Medial view. ?‘
(Redrawn after Martin, 1915.) :?8'
!
A vertebrae lumbales; B os sacrum; C vertebrae caudales; D symphysis pelvina and % 18
root of the penis; E tibia; F whber calcanei; G ossa metatarsalia -

a m. psoas minor; b m. iliopsoas; ¢ mm. sacrocaudales ventrales; d m. glutacus

medius; e m. obturatorius internus; f m. coccygeus, caudal border; g m. sartorius,

pars cranialis and pars caudalis; b m. tensor fasciae latae; i m. quadriceps femoris; &

m. pectineus; { m. gracilis; m m. adductor; # m. semimembranosus; o m. semiten-

dinosus; p m. gastrocnemius; ¢ m. popliteus; r m. flexor digitalis superficialis; 5 m.

flexor digitalis profundus; ¢ m. tibialis craniales; » tendon of the m. extensor digitalis
longus; ¢ retinaculum extensorum; w mm. interossei

I aorta abdominalis; 2 aa. lumbales; 3 a. mesenterica caudalis; 4 a. circumflexa ilium
profunda; 5 a. iliaca externa; 6 a. abdominalis caudalis; 7 a. profunda femoris; 8
truncus pudendoepigastricus; 9 a. epigastrica caudalis; /0 a. pudenda externa; 11 a.
circumflexa femoris medialis; 12 a. femoralis; 13 a. circumflexa femoris superficialis;
14 a. circumflexa femoris lateralis; 15 a. caudalis femoris proximalis; 16 a. caudalis
femoris media; 17 a. saphena, 18 r. cranialis; 19 aa. digitales dorsales communes 1-IV;
20 r. caudalis from 17; 20" a. fibularis; 2/ rr. malleolares mediales; 22 rr. calcanci; 23
a. plantaris medialis, 24 r. profundus; 25 a. genus descendens; 26 a. caudalis femoris
distalis; 27 a. poplitea; 28 a. tibialis cranialis; 28" a. tibialis caudalis; 29 a. dorsalis
pedis; 30 a. arcuara; 3/ aa. metatarseae dorsales 1-1V; 32 r. perforans proximalis I1;
33 a. iliaca interna; 34 a. glutaca caudalis; 35 a. iliolumbalis; 36 a. gluteae cranialis; 37
a. caudalis lateralis superficialis; 38 a. pudenda interna; 39 a. umbsilicalis; 40 a.
prostatica; 4/ a. perinealis ventralis; 42 a. rectalis caudalis; 43 a. penis; 44 a. bulbi
penis; 45 a. profunda penis; 46 a. dorsalis penis; 47 a. sacralis mediana; 48 r. sacralis,
49 a. caudalis mediana

circumflexa femoris lateralis. At the distal end of the femoral canal the distally directed a. saphena arises
from the medial wall of the femoral artery and a short distance later the a. genus descendens comes off
and continues craniodistally. In carnivores the latter may also arise proximal to the saphenous artery.
Three muscular branches, the aa. caudales femoris proximalis, media and distalis which vary in calibre in
the different species of domestic mammals, leave the femoral artery in a caudal direction one after the
other. The last named, the distal artery, is the largest of the three in all the domestic mammals and is the
last branch of the femoral artery. In carnivores the femoral artery can be palpated through the skin
where it lies in the shallow, broad femoral canal so that the pulse can be taken on this vessel.
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A. circumflexa ilium superficialis
(dog: 92/41; 105/10"; 110/13)

An a. circumflexa ilium superficialis is found only in carnivores. It is a relatively slender vessel which
arises from the femoral artery proximal to the a. circumflexa femoris lateralis or, as occurs normally in
the cat, from the latter vessel itself. It runs in a craniodorsal direction, medially over the m. rectus
femoris and between the m. tensor fasciae latae and the m. sartorius. It gives off branches to these three
muscles and reaches the skin over the spina iliaca ventralis. In the other domestic mammals this area is
supplied by branches of the a. circumflexa femoris lateralis or the a. iliacofemoralis as well as the r.
superficialis of the deep circumflex artery.

A. circumflexa femoris lateralis

(Comparative: 105-108/18; cat: 109/20; dog: 92/42; 110/14; pig: 111/13'; sheep: 101/31'; ox: 113/27;
horse: 88/72; 104/17; 108/19'; 114/11)

The a. circumflexa femoralis lateralis arises from the femoral artery while it is still within the femoral
canal and continues between the medial vastus and the rectus femoris muscles. It gives off an ascending
ramus (except in the horse), a descending and a transverse ramus. The r. transversus is only a slender
vessel which forms the continuation of the lateral circumflex femoral artery along the lateral surface of
the femur where it anastomoses with the medial circumflex femoral artery and supplies branches to the
intermediate and lateral vastus muscles. The . ascendens is directed towards the pelvis and contributes
in the supply of the iliopsoas and gluteus muscles. Branches run medial to the tensor fasciae latae muscle
in the direction of the tuber coxae, except in the horse and in carnivores which have a special superficial
circumflex iliac artery which can arise from the lateral circumflex femoral artery. Arising independently
or from one of the branches already mentioned, there are arteries to the hip joint and the femur. In the
horse the supply area of the transverse and ascending rami is taken over by the iliacofemoral artery (see
p- 157). The r. descendens is distally directed and ramifies in the various parts of the quadriceps femoris
muscle. It represents the largest supply vessel of this group of muscles.

A. saphena

(Comparative: 105-108/21; 115-118/7; cat: 109/27; dog: 92/47; 110/17; 119/1; pig: 111/14; sheep:
112/13; ox: 113/28; horse: 104/18; 114/12)

The a. saphena originates from the femoral artery at the distal end of the femoral canal. It continues
superficially, together with the homonymous vein and saphenous nerve, in a caudodistal direction over
the tendon of insertion of the gracilis muscle and it divides into a cranial and a caudal ramus. The point
of division varies in different species; in the cat it is distal to the popliteus muscle about half way down
the thigh, in the dog in the region of insertion of the gracilis muscle and in the horse in the area where
the semitandinosus muscle is inserted. In the pig and ox the vessel does not divide. During its course the
saphenous artery gives off muscular branches to the insertions of the medial thigh muscles and
cutaneous branches to the knee and the cranial shank region.

The r. cranialis is only a slender vessel in the cat and the horse. It crosses, in a craniodistal direction,
the medial aspect of the tibia and continues in a superficial position past the flexor aspect of the tarsal
joint. In carnivores it reaches as far as the dorsal metatarsal region but in the horse it terminates at the
tarsal joint. In carnivores the cranial ramus is the origin of the dorsal common digital artery. In the cat
the latter is only a slight vessel even though it has been joined by the superficial ramus of the cranial
tibial artery.

The r. candalis takes up a subfascial position and crosses, accompanied by the corresponding vein, the
medial aspect of the m. flexor digitalis pedis longus in a caudal direction. Proximal to the tarsal joint the
caudal ramus reaches the tibial nerve at the craniomedial part of the flexor tendons. In company with
this nerve and the corresponding vein, it continues over the sustentaculum tali. In carnivores a vessel
arises, generally from the caudal ramus although in the cat it also frequently springs from the cranial
ramus, which continues laterodistally for about half the length of the tibia between this bone and the
long digital flexor and posterior tibial muscles. In the cat this vessel links, caudal to the interosseous
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Fig. 111, Arteries and veins of the left pelvic limb of a pig.
Medial view,
(After Bickhardt, 1961, Diss., Hanover.)
A veriebrae lumbales; 8 os sacrum; € vertebrae caudales; D
symphysis pelvina; E wber ischiadicum; F os femoris; G
patella; H tibia; / talus; K calcaneus; L os metatarsale 11; M
os metatarsale [11; N lig. sacrowberale lawum; O Inn.
iliacofemorales; P Inn. iliaci laterales; Q Inn. subiliaci; R
Inn. poplitei profundi; § Inn. poplitei superficiales

liacus; o m.
obturatorius externus, pars intrapelvina; ¢ m. coceygeus; f
m. transversus abdominis; g m. obliquus internus abdo-
minis; b m. tensor fasciae latae; i m. rectus femoris; k m.
vastus medialis; [ m. pectineus; m m. adductor; » m.
obturatorius externus; 0 m. quadratus femoris; p mm.
gemelli; ¢ m. semitendinosus; r m. biceps femoris; s m.
gastrocnemius, caput laterale, s” caput mediale; ¢ m. flexor
digitalis superficialis; # m. popliteus; v m. flexor hallucis
longus; w m. fibularis tertius; x m. extensor digitalis brevis;
¥ m. abductor digiti 11; 2 superficial and deep flexor tendons

a,a' m. psoas minor; b m. psoas major; € m

! aorta abdominalis; 2 a. and v. lumbalis V; 2 a. and .
lumbalis VI; 3 v. cava caudalis; 4 v. iliaca c is; 5 a.
and v. iliaca externa; 6 a. and v. circumflexa ilium profunda,
&' rr. craniales, 67 rr. caudales, 6" rr. superficiales; 7 v.
epigastrica caudalis superficialis; 7° r. anastomoticus to the
r. cranialis of the v. saphena medialis; 8 a. and v. profunda
femoris; 9 truncus pud i

piga-
strica; 10 a. and v, circumflexa femoris medialis, 10" rr.
obturatorii; 11 v. saphena lateralis; 12 a. and v. femoralis; 13
a. and v. circumflexa femoris lateralis; /4 a. saphena and v.
saph lialis, 14" rr. caudales, 14 r. cranialis; /5 v.
caudalis femoris distalis, /5’ r. anastomoticus; /6 a. and v.
poplitea; 16” a. and v. suralis; 17 a. and v. tibialis cranialis;
18 a. and v. dorsalis pedis; 19 a. and v. plantaris medialis; 20
a. and v. digitalis plantaris propria 11 abaxialis; 21 a. and v.
iliaca interna; 22 a. umbilicalis; 22* v. uterina media; 23 a.
and v. vaginalis; 24 v. obturatoria; 25 r. anastomoticus to
the v. caudalis mediana; 26 a. and v. glutaca cranialis; 27 a.
and v. pudenda interna; 28 a. and v. perinealis ventralis; 29
a. and v. glutaea caudalis; 30 a. and v. sacralis mediana, 3/
rr. sacrales; 32 a. and v. caudalis mediana, 33 rr. caudales; 34 . "
v. caudalis dorsolateralis ==

pigastricus or v. |

membrane of the leg (membrana interossea cruris), with the interosseous or perforating ramus which
pierces this membrane and the vessel formed by this union continues in the region of the tarsal joint
between the cranial tibial artery and the distal end of the distal caudal femoral artery. In the dog this
vessel ends plantar to the tarsal joint. Although the terminology is still undecided, this vessel is usually
referred to in the dog as the a. fibularis. Proximal to the hock joint the caudal ramus gives off, except in
the horse, the rr. malleolares mediales and rr. calcane: which form the rete calcanei. At the level of the



144 Arteries

tarsocrural joint the caudal ramus gives off, except in the cat, the a. plantaris lateralis, and the a.
plantaris medialis and it then continues in carnivores and the pig as an independent vessel to the planta.
Except in the cat, in which it is absent, the a. plantaris medialis divides into a r. profundus and ar.
superficialis. In the dog the latter is represented only as a slender vessel in association with the first digit.
The a. plantaris lateralis divides into a deep and a superficial ramus, except in carnivores which only
have a deep ramus. The r. profundus of both the lateral and medial plantar arteries participate in the
formation of the arcus plantaris profundus from which originate the aa. metatarseae plantares. The r.
superficialis and the superficially continuing r. candalis form the origin of the aa. digitales plantares.

A. genus descendens
(Comparative: 105-108/33; cat: 109/22-26; dog: 110/25; sheep: 112/14; ox: 113/29; horse: 114/14)

The a. genus descendens arises from the femoral artery a short distance before the origin of the
saphenous artery. In carnivores it may arise in common with the latter vessel. Stout muscular branches
to the deep parts of the quadriceps femoris muscle arise from both the first part of the genicular artery
and the femoral artery. Sometimes they may arise directly from the femoral artery alone. The
descending genicular artery continues thereafter along the border between the medial vastus and
semimembranosus muscles, covered medially by the sartorius muscle, to the knee joint, giving off
branches to the neighbouring muscles. At the knee it divides into its terminal branches which supply
maintly the medial regions of the patellar and femerotibial joints and the corpus adiposum infrapatellare.

Aa. caudales femoris

(Comparative: 105-108/34; cat: 109/21; dog: 110/15; 16, 26; sheep: 112/15; ox: 113/25', 25"; horse:
114/15)

The aa. caudales femoris are large muscular vessels which arise in a caudal direction from the femoral
artery. In all the domestic mammals there are several such muscular vessels, the most proximally
situated of which leaves the femoral artery a short distance before the saphenous artery. The most
distally situated branch leaves the femoral artery shortly before its transition to the popliteal artery. This
latter distal branch is of constant origin in all the domestic mammals and it is termed the 4. candalis
femoris distalis. Of all the other branches we differentiate by name only two which occur in carnivores,
the a. caudalis femoris proximalis and the a. candalis femoris media, the latter arising only a short
distance proximal to the distal caudal femoral artery. In addition to these the femoral artery of
carnivores gives off other smaller, unnamed muscular branches which go to the caudal and medial
muscles of the thigh. It should also be mentioned here that there are unnamend, cranially-directed
branches of the femoral artery supplying the quadriceps muscle.

The a. caudalis femoris proximalis of carnivores arises either from the saphenous artery or together
with this vessel within the femoral canal. It crosses medially over the belly of the pectineus muscle and
the adductor muscle and then, caudodistally directed, it enters the semimembranosus muscle. It ramifies
in all these muscles as well as the gracilis which covers it medially.

The a. caudalis femoris media of carnivores leaves the femoral artery distal to the descending
genicular artery and mainly supplies the gracilis, adductor and semimembranosus muscles.

In all the other domestic mammals the topography of the caudal femoral arteries in the thigh is
similar. They are not specially mentioned since their origin is variable and because their distribution area
is restricted due to the more prominent development of the medial circumflex femoral artery. The caudal
femoral arteries anastomose not only with the medial circumflex femoral artery but also among
themselves.

The a. caudalis femoris distalis is the most prominent of these arteries in all the domestic mammals
and, compared with the preceding ones, it curves more laterally. It courses over the lateral belly of the
gastrocnemius muscle which it supplies with branches as it does the medial belly. The artery divides into
caudally and proximally directed branches which ramify in the biceps femoris and gluteobiceps muscles
and supply the deep popliteal lymph nodes. It also gives off a stout distally-directed branch. In the horse
the distal caudal femoral artery gives off, shortly before the bifurcation, where the tibial nerve crosses, a
vessel which runs parallel to the vein and follows the tibial nerve distad to anastomose with the caudal
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ramus of the saphenous artery. This used to be termed the a. recurrens tibialis in the older nomenclature
but it is now known as the a. comitans n. tibialis. The distally directed branch of the distal caudal
femoral artery follows the caudal surface of the lateral head of the gastrocnemius and, in company with
the lateral saphenous vein and the n. cutaneous surae caudalis, it follows the tendons to the hock joint.
This does not apply to the ruminants. It also gives off branches to the gastrocnemius muscle and the
superficial flexors of the toe, where it ends in ruminants. In the pig it also supplies the superficial
popliteal lymph nodes. In carnivores and the pig this branch anastomoses proximal to the calcaneus with
the 7. calcanei of the r. candalis of the saphenous artery and in the horse with those of the a. malleolaris
caudalis lateralis. In the cat it reaches as far as the a. tarsea lateralss.

A. poplitea
(Comparative: 105-108/36; dog: 110/27; pig: 111/16; sheep: 112/16; ox: 113/31; horse: 114/17)

While in the lower animals the a. poplitea forms the continuation of the ischiatic artery, in the
domestic mammals it runs caudally along the femur as the continuation of the femoral artery after the
origin of the distal caudal femoral artery. It continues between the two heads of the gastrocnemius,
medial to the superficial flexor of the toes, across the flexor aspect of the knee joint and between the tibia
and the popliteal muscle. Cranial to the popliteal muscle, but in the cat at its proximal border, it gives
rise to the a. tibialis caudalis and, as has been shown in the pig and ox, it can give off the 4. interossea
cruris, caudodistally to the lateral condyle of the tibia. The popliteal artery then becomes the . tibialis
cranialis, which passes craniolaterally through the interosseous membrane of the leg to reach the tibia.
Along its course the popliteal artery gives rise to the aa. surales which permeate the gastrocnemius and
the long flexor muscles of the toes.

The popliteal artery is also the vessel of origin for numerous arteries supplying the knee joint. Thus it
gives off a proximal and a distal pair of vessels to the sides of the knee joint, the aa. genus proximales and
distales lateralis and medialis and an unpaired middle artery, the a. genus media which passes between
the two joint capsules. In the cat there are no distal genicular arteries and the medial proximal genicular
artery arises from the cranial tibial artery. In ruminants the medial and lateral proximal genicular arteries
arise from the distal caudal femoral artery. Together with the 4. genus descendens these arteries of the
knee joint form the rete articulare genus and the rete patellae.

A. tibialis caudalis
(Comparative: 105-108/37; sheep: 112/17; ox: 113/30; horse: 114/18; 118/25)

The a. tibialis caudalis is a smaller vessel than the cranial tibial artery. After its origin from the
popliteal artery it curves round the proximal border of the popliteal muscle to attain its caudal surface.
The caudal tibial artery ramifies in the caudal muscles of the shank, especially the deep flexors of the
toes. It may, however, also participate in vascularizing the muscles of the lateral part of the shank, as in
the pig where the r. circumflexus fibulae curves round the neck of the fibula to the lateral side. In the
horse the caudal tibial artery gives off the a. nutricia tibiae at the level of the proximal third of the tibia.
In the pig and ox it links with the r. anastomoticus of the a. interossea cruris. In the ox and the horse the
caudal tibial artery continues even further distad and in the ox it gives off the rr. malleolares mediales
and in the horse the a. malleolaris caudalis lateralis. These are the articular branches for the tarsal joint.
Only in the horse does the caudal tibial artery anastomose with the caudal ramus of the saphenous artery
and thus contribute to the vascularization of the foot.

A. interossea cruris
(pig: 106/40; ox: 107/40; 113/32)

The a. interossea cruris is phylogenetically an old vessel which, unlike the cranial tibial artery, runs
caudally along the interosseous membrane of the leg in a distal direction. This slender vessel is found
only in the pig and ox where it participates in the supply of blood to the deep flexors of the toes. In the
pig it gives rise to the aa. nutriciae tibiae and fibulae. The a. interossea cruris is connected to the caudal
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Fig. 112. Arteries of the left pelvic limb of a sheep. Medial view.
(After Freytag, 1962, Diss., Hanover.)

A vertebrae lumbales; B os sacrum; C lig. sacrotuberale latum; D symphy-
sis pelvina; E os ilium; F In. subiliacus; G In. popli H tibia; J os
metatarsale III + IV
a m. transversus abdominis; b m. obliquus internus abdominis; ¢ pelvic
tendon of the m. obliquus externus abdominis; d m. psoas major; e m.
iliacus; f m. psoas minor; g m. coccygeus; b m. obturatorius externus, pars
intrapelvina;  m. adductor; & m. b
m m. glutacobiceps; 7 m. pectineus; o m. vastus medialis; p m. rectus
femoris; g m. tensor fasciae latae; r m. gastrocnemius, caput mediale, r'
caput laterale; s m. flexor digitalis superficialis; ¢ m. popliteus; » m.
fibularis tertius; v m. flexor digitalis longus; w m. tibialis caudalis

. I m. semitendinosus;

1 aorta abdominalis; 2 a. ovarica sinistra; 2’ a. ovarica dextra; 3 a.
ica caudalis; 4 a. lumbalis V; 5 a. iliaca externa sinistra; 5’ a. iliaca

externa dextra; 6 a. lumbalis VI; 7 a. iliaca interna sinistra; 7’ a. iliaca
interna dextra; 8 a. circumflexa ilium profunda, 8’ r. cranialis, 8" r.
caudalis, 8" r. superficialis; 9 a. profunda femoris; 10 a. femoralis; 11
truncus pudendoepigastricus; 71’ a. pudenda externa; 11" a. epigastrica
dalis; 77'" a. abdominali dalis; 12 a. circumflexa femoris medialis,
12’ r. obturatorius, 12" r. ascendens, 12" r. transversus (descendens); 13 a.
saphena, 13’ r. caudalis; 74 a. genus descendens; 15 a. caudalis femoris
distalis; 75" a. genus proximalis lateralis; 16 a. poplitea; 16’ a. suralis; 17 a.
tibialis caudalis; 78 rr. calcanei, 79 r. articularis of the r. caudalis of the a.
saphena; 20 a. plantaris lateralis; 27a. plantaris medialis, 22 r. profundus, 23
r. superficialis; 23" a. digitalis plantaris communis II; 24 a. metatarsea
plantaris II; 25 a. umbilicalis; 26 a. iliolumbalis; 27 a. glutaea cranialis; 28 a.
obturatoria; 29 a. vaginalis; 30 a. glutaea caudalis; 37 a. pudenda interna; 32

a. sacralis mediana with rr. sacrales; 33 a. caudalis mediana

tibial by means of the r. anastomoticus. The r. interosseous s. perforans links the interosseous crural and
cranial tibial arteries through the interosseous membrane of the leg. At about the same level it gives off
the rr. malleolares laterales and mediales to the tarsal joint.



Fig. 113. Arteries of the left pelvic limb of an ox.
Medial view.
(After Wilkens and Badawi, 1962, at the Institute of
Veterinary Anatomy, Hanover.)

A vertebra lumbalis VI; B os sacrum; C vertebra

caudalis I; D lig. sacrotuberale latum; E os pubis; F

os ischii; G condylus medialis ossis femoris; H tibia;
J os metatarsale III + IV; K fascia genus

a m. transversus abdominis; b m. obliquus internus ’

abdominis; ¢ m. iliopsoas; 4 m. psoas minor; e m.
coccygeus; f m. obturatorius externus, pars intrapel-
vina; g, g’ m. quadriceps femoris; g m. rectus
femoris, g’ m. vastus medialis; g” m. tensor fasciae
latae; b m. pectineus; i mm. gracilis and adductor;

m. ischiocavernosus; £ m. semimembranosus; / m.
semitendinosus, !’, [” its tendons; m m. biceps

femoris; n m. gastrocnemius, lateral, n’ medial
portion; o m. flexor digitalis superficialis; p m.
popliteus; ¢ m. fibularis tertius, ¢’ its terminal
tendon; r m. flexor digitalis longus; s mm. flexor
hallucis longus and tibialis caudalis; ¢ tendo calca-
neus communis; # tendons of the m. extensor digita-
lis longus; v m. extensor digitalis brevis; w m.
interosseus medius; x tendons of the flexor digitalis
superficialis and profundus muscles

1 aorta abdominalis; 7' a. lumbalis IV dextra; 1" a.
lumbalis V dextra; 2 a. testicularis sinistra; 2" a.
testicularis dextra; 3 a. iliaca externa sinistra; 3’ a.
iliaca externa dextra; 4 a. mesenterica caudalis; 5 a.
sacralis mediana, 5'=5V rr. sacrales; 6 a. iliaca interna
sinistra; 6’ a. iliaca interna dextra; 7 a. umbilicalis
sinistra; 7' a. umbilicalis dextra; 8 a. ductus deferen-
tis; 9" a. iliolumbalis dextra; 70’ a. lumbalis VI
dextra; 11 a. glutaea cranialis sinistra; 17 a. glutaea
cranialis dextra; 72 a. obturatoria; 13 a. prostatica;
14 a. glutaea caudalis; 15 a. penis and 16 a. perinealis
ventralis, the terminal branches of the a. pudenda
interna; 17 a. bulbi penis; 18 a. dorsalis penis; 19 a.
caudalis mediana with rr. caudales; 20 a. circumflexa
ilium profunda; 27 a. profunda femoris; 22 truncus
pudendoepigastricus; 22" a. epigastrica caudalis; 22"
a. pudenda externa; 23 r. obturatorius; 24 a. circum-
flexa femoris medialis; 25 a. femoralis; 25 a. caudalis
femoris proximalis and r. muscularis to the quadri-
ceps femoris; 25" rr. musculares of the a. saphena, a.
caudalis femoris media and a. caudalis femoris dista-
lis; 25" a. genus media; 26 a. circumflexa femoris
lateralis, r. descendens, 27 r. ascendens with r.
transversus; 28 a. saphena, 28’ rr. cutanei, 28" r.
caudalis, 28" rr. calcanei, 28i¥ r. malleolaris media-
lis; 29 a. genus descendens; 30 a. tibialis caudalis; 37
a. poplitea; 31" a. suralis; 32 a. interossea cruris; 33
a. tibialis cranialis; 34 a. dorsalis pedis; 34" a. tarsea
medialis; 35 a. metatarsea dorsalis I1I; 35" a. digitalis
dorsalis communis III; 35" a. digitalis dorsalis
communis II; 36 a. plantaris lateralis; 37 a. plantaris
medialis, 37" rr. articulares; 38 r. profundus, 39 r.
superficialis; 40 a. digitalis plantaris communis II;
40" a. digitalis plantaris communis III; 41 junction of
the transverse anastomosis of the aa. metatarseae
plantares; 42 a. digitalis plantaris propria II abaxia-
lis; 42" a. digitalis plantaris propria II axialis

Arteries of the pelvic limb
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A. tibialis cranialis
(Comparative: 105-108/41; 119-122/28; dog: 110/28; pig: 111/17; ox: 113/33)

The largest of the terminal branches of the popliteal artery is the a. tibialis cranialis and in domestic
mammals it forms the continuation of that vessel, passing through the interosseous membrane
craniolaterally to reach the tibia. In the distal third of the tibia it turns, still closely applied to the bone,
onto the cranial surface of the tibia, except in the horse in which species it continues craniolaterally. The
cranial tibial artery lies medial to the tendon of the long extensor of the toes, being covered by it in the
horse, and courses to the flexor aspect of the tarsal joint where it becomes the a. dorsalis pedis.
Immediately after its passage through the interosseous membrane the cranial tibial artery gives off,
except in the horse, the a. recurrens tibialis cranialis. In ruminants the latter may also arise in common
with the muscular branches to be mentioned below. The recurrent cranial tibial artery is proximally
directed and contributes to the plexus of the knee joint. In the cat the recurrent cranial tibial artery gives
off the a. genus proximalis medialis, in carnivores the a. nutricia tibiae et fibulae and in ruminants the a.
nutricia tibiae. In all the domestic mammals at the level of the proximal part of the crural bones, stout
muscular branches are given off which vascularize the group of muscles lying craniolaterally on the
shank. The ramus superficialis arises, except in the pig, at about the middle of the tibia. Lateral to the
long extensors of the toes this vessel attains a superficial position and continues distally. Except in the
horse it contributes to the formation of the dorsal superficial plexus of the toes and in the cat it
terminates, still in the tarsal region, in ther. cranialis of the a. saphena medialis. At the distal part of the
shank the 7. interosseus s. perforans connects the cranial tibial artery with the interosseous crural artery
through the interosseous membrane and in the cat it joins it to the malleolar branches of the distal caudal
femoral artery. In the pig and the ox the terminal part of the cranial tibial artery also gives off the aa.
malleolares craniales lateralis and medialis.

A. dorsalis pedis
(Comparative: 105-108/44; 119-122/31; cat: 109/31; dog: 110/29; pig: 111/18; ox: 113/34)

The a. dorsalis pedis is the continuation of the cranial tibial artery as it crosses the flexor aspect of the
tarsal joint. Accompanied by the vein of the same name and the deep fibular nerve, it runs to the
metatarsus. Except in the horse it gives off the a. tarsea lateralis and the a. tarsea medialis each of which
run almost transversally to the appropriate side of the tarsal joint and, in so doing, in the cat the lateral
artery connects with the distal caudal femoral artery. In the pig the lateral tarsal artery gives rise to the a.
tarsea perforans proximalis which anastomoses with the a. plantaris lateralis between the talus and
calcaneus. Except in carnivores the dorsal pedal artery gives rise to either the a. tarsea perforans or, in
the case of the pig, the a. tarsea perforans distalis. This perforating tarsal artery runs through the tarsal
canal to the plantar aspect of the foot where it links with the arcus plantaris profundus. In the ox it passes
out of the tarsal canal and between the proximal articular surfaces of the fused third and fourth
metatarsal bones to continue to the plantar surface between these two bones. Thus it seems that in the ox
this perforating vessel is the a. tarsea perforans which has fused with the r. perforans proximalis I11. In
carnivores the dorsal pedal artery reaches the metatarsus dorsomedially and terminates by giving off the
transversally directed a. arcuata which, in turn, gives rise to the aa. metatarseae dorsales. In the pig,
ruminants, and the horse the dorsal pedal artery continues as the a. metatarsea dorsalis I11.

Arteries of the hindfoot of carnivores®
Plantar arteries
(cat: 109/30; dog: 92; 105; 110/20-24, 32; 115)

In carnivores the r. caudalis of the a. saphena gives rise in the proximal tarsal region to the a. plantaris
lateralis and in the dog only, it also gives off the a. plantaris medialis a short distance afterwards. It then
continues distad on the plantar aspect. The medial plantar artery divides, in the dog, into a slender r.

* The topography and nomenclature of the blood vessels of the autopodium have already been described in general
terms on page 92.
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Fig. 114, Arteries of the right pelvic limb of a horse. Medial view.
(After Martin, 1915.)

A vertebra lumbalis VI; B os sacrum; C vertebra caudalis I; D symphysis
pelvina; E tibia; F calcaneus; G os metatarsale [11
@ m. transversus abdominis; b m. rectus abdominis; ¢ m. obturatorius
internus; d m. glutaeus medius; e m. biceps femoris; f m. semitendinosus; g
m. semimembranosus; b m. adductor; i m. pectineus; k iliacus; [ m.
sartorius; m m. vastus medialis; n m. rectus femoris; o m. gastrocnemius,
caput laterale; p m. flexor digitalis superficialis; g m. tibialis caudalis; » m.
flexor hallucis longus; s m. flexor digitalis longus; ¢ m. extensor digitalis
longus; « m. fibularis tertius; v m. tibialis cranialis; @ m. popliteus; x
retinaculum extensorum proximale; ¥ retinaculum extensorum distale
I aorta abdominalis; 2 a. iliaca externa; 3 a. circumflexa ilium profunda; 4 a. uterina; § a. profunda femoris; 6
truncus p pigastricus; 7 a. epigastrica caudalis; # a. pudenda externa; 9 a. circumflexa femoris mediali

10 a. fi lis; I1 a. circumflexa femoris | lis; 12 a. sapl 12" r. caudalis; 13 a. plantaris medialis; 13" a.

plantaris lateralis; /14 a. genus descendens; 15 a. caudalis femoris distalis; /6 a. comitans n. tibialis; /7 a.

poplitea; I8 a. vibialis caudalis; /8" a. tibialis cranialis; 19 a. malleolaris caudalis lateralis; 20 r. anastomoticus

joining the a. saphena; 27 a. iliaca interna; 22 a. lumbalis VI; 23 a. glutaea caudalis; 24 a. glutaea cranialis; 25 a.

iliolumbalis; 26 a. obturatoria; 27 a. iliacofemoralis; 28 rr. sacrales: 29 a. caudalis mediana, 30 rr. caudales; 31

a. caudalis ventrolateralis; 32 a. caudalis dorsol lis; 33 a. pudenda interna; 34 a. umbilicalis; 35 a. perinealis
ventralis; 36 a. bulbi vestibuli
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superficialis and a more robust r. profundus. The lateral plantar artery continues in both the cat and dog
as the 7. profundus without giving off a superficial ramus. In the dog the rr. profundi unite to form the
arcus plantaris to which the large r. perforans proximalis II also contributes. In the cat, on the other
hand, the deep plantar arch is formed only by the r. profundus of the lateral plantar artery and the 7.
perforans proximalis I1. In both the cat and the dog this arch gives rise to the aa. metatarseae plantares
1I-IV which are connected with the dorsal metatarsal arteries via the rr. perforantes distales, and
terminate in the plantar common digital arteries of the same number.

The superficial ramus of the medial plantar artery, which, as noted above, is present only in the dog,
continues as the a. digitalis plantaris communis 1. This vessel in turn gives off the slender a. digitalis
plantaris propria 11 and, if the first toe is present, the . digitalis plantaris propria I axialis. The caudal
ramus of the saphenous artery runs medially between the flexor tendons and divides at the distal half of
the metatarsus into the aa. digitales plantares communes II-IV. Proximal to the metatarsophalangeal
joints these vessels unite with plantar metatarsal arteries and, distal to this joint, they link via the aa.
interdigitales with the dorsal common digital arteries of the same number. Shortly thereafter they give
off the axial aa. digitales plantares propriae. The abaxial plantar proper digital arteries arise in each case
from the rr. plantares, especially on the proximal phalanges. These arteries are only rarely given off by
plantar common digital arteries.

Dorsal arteries
(cat: 109/29, 31, 32; dog: 92; 105; 110/18, 19, 29-32; 119)

In carnivores the dorsal pedal artery gives off, in the region of the tarsometatarsal joint, the
transversally directed 4. arcuata which lies close to the bone. In the cat the latter vessel anastomoses
with the distal caudal femoral artery. The arcuate artery gives rise to the aa. metatarseae dorsales I1-1V.
Of these the a. metatarsea dorsalis II forms the main supply from the dorsal pedal artery via the r.
perforans proximalis 11 to the deep plantar arch. The rr. perforantes distales are all present. The dorsal
metatarsal arteries terminate distally on the metatarsus in the dorsal common digital arteries of the same
numbers.

The cranial ramus of the saphenous artery gives off, from two branch vessels in the cat and one after
the other in the dog, the aa. digitales dorsales communes I-IV. After receiving the dorsal metatarsal
arteries and linking with the aa. interdigitales these common digital arteries give off the aa. digitales
dorsales propriae. From the common dorsal digital artery IV arises in the cat the a. digitalis dorsalis V
abaxialis; in the dog this stems from the superficial ramus of the cranial tibial artery.

Arteries of the hindfoot of the pig

Plantar arteries
(pig: 106; 111/14; 19, 20; 116)

In the pig the caudal ramus of the saphenous artery gives off, distally to the sustentaculum tali, the a.
plantaris lateralis and, a short distance thereafter, the a. plantaris medialis. It then continues distally on
the plantar aspect. At the level of the tarsometatarsal joint each plantar artery divides into ar. profundus
and a r. superficialis. The deep rami unite proximally on the metatarsus to form the arcus plantaris
profundus which also receives the a. tarsea perforans distalis. From this arch arise the aa. metatarseae
plantares II-IV. On the dorsum of the foot the IInd and IVth dorsal metatarsal arteries arise from the rr.
perforantes proximales II and IV. The single ramus perforans distalis I1I links up with the IIIrd dorsal
metatarsal artery. The second and fourth plantar metatarsal arteries do not connect with the plantar
common digital arteries of the same number but they unite distally on the metatarsus with the third
plantar metatarsal artery. They terminate in the third plantar common digital artery.

The caudal ramus of the saphenous artery continues distally along the superficial flexor tendon and
links up with the superficial rami of both the medial and lateral plantar arteries in the distal part of the
metatarsus where it forms a type of superficial arch. From this arise the aa. digitales plantares communes
II-1V which, a short distance afterwards, give rise to the axial aa. digitales plantares propriae. The
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abaxial plantar proper digital arteries arise in each case via the rr. plantares, especially at the proximal
phalanges. The interdigital connections are made by the rr. dorsales of the appropriate proximal
phalanx.

Dorsal arteries
(pig: 106; 111/14", 18; 120)

In the pig the dorsal pedal artery, after giving off the distal perforating tarsal artery to the deep plantar
arch, continues as the 4. metatarsea dorsalis III which is connected to the plantar metatarsal artery of the
same number by the r. perforans distalis II1. The aa. metatarseae dorsales II and IV arise from the
appropriate proximal perforating rami without receiving proximal tributaries on the dorsum of the foot.

There are no superficial arteries on the dorsum of the foot and, therefore, the aa. digitales dorsales
propriae arise directly from the dorsal metatarsal arteries. The abaxial arteries of the third and fourth
toes extend only to the middle phalanx; distal to that phalanx they are represented, like the abaxial
arteries of the second and fifth toes, by the dorsal rami of the plantar proper digital arteries.

Arteries of the hindfoot of ruminants

Plantar arteries
(Sheep: 112/13', 18-24; ox: 107; 113/28", 28", 28, 36—42'; 117)

In ruminants the r. caudalis of the saphenous artery forks proximal to the sustentaculum tali into the
a. plantaris medialis and a. plantaris lateralis. Over the proximal extremity of the metatarsus each of
these plantar arteries then divides into a r. profundus and a r. superficialis. At the level of the proximal
metatarsal canal the deep rami unite to form the arcus plantaris profundus which in the small ruminants
receives blood via the a. tarsea perforans and in the ox via the r. perforans proximalis 111 which is linked
to the a. tarsea perforans (distales). From the arch arise the aa. metatarseae plantares II-IV. The latter
are connected with one another at the distal part of the metatarsus by means of a transverse anastomosis
which also joins them laterally to the third and fourth plantar common digital arteries. Passing through
the distal metatarsal canal the r. perforans distalis 111 links the transverse anastomosis with the third
dorsal metatarsal artery.

At a variable level in the distal half of the metatarsus, the superficial ramus of the medial plantar artery
divides into the aa. digitales plantares communes II and II1. In the ox this division may sometimes be
more proximal and it can even occur from the medial plantar artery. The lateral plantar artery runs
distad on the metatarsus where it becomes the a. digitalis plantaris communis IV. The transverse
anastomosis of the plantar metatarsal artery terminates in the second and fourth plantar common digital
artery. The third plantar common digital artery receives a large volume of blood from the third common
dorsal digital artery via the 4. interdigitalis I11. The common plantar digital arteries divide into the aa.
digitales plantares propriae.

Dorsal arteries
(ox: 107; 113/34-35"; 121)

The dorsal pedal artery of ruminants gives off the a. tarsea perforans (distalis) and then becomes the a.
metatarsea dorsalis 111, which is the largest artery of the foot. It is linked to the transverse anastomosis
of the plantar metatarsal artery by means of the r. perforans distalis and, distal to the metatarsophalange-
al joint, it unites with the slender 4. digitalis dorsalis communis I11.

The a. digitalis dorsalis communis 111 arises about half way down the metatarsus from the slender
superficial ramus of the cranial tibial artery together with the aa. digitales dorsales communes IT and I'V.
The latter are only rudimentary vessels in the ox. The third dorsal common digital artery, which is
augmented by the third dorsal metatarsal artery, gives rise to the large a. interdigitalis 111 and the
rudimentary aa. digitales dorsales propriae III and IV axiales.
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Arteries of the hindfoot
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Arteries of the hindfoot
of the horse

Plantar arteries
(horse: 108; 118/12-13', 19, 20; 123; 124)

The caudal ramus of the saphenous artery recei-
ves, proximal to the tarsal joint, the a. comitans n.
tibialis as a tributary from the distal caudal femoral
artery and it is connected by an S-shaped anasto-
mosis with the caudal tibial artery. At the level of
the sustentaculum tali the caudal ramus of the
saphenous artery forks into the medial and lateral
plantar arteries. Each of these plantar arteries divi-
des at the proximal part of the metatarsus into a
deep and superficial ramus. The deep rami unite,
receive the a. tarsea perforans (distalis) and form the
arcus plantaris profundus. Out of this arch arise the
aa. metatarseae plantares II and I11. In the lower
half of the metatarsus the two plantar metatarsal
arteries link up with the stout r. perforans distalis
I11. This arterial vascular union forks proximal to
the sesamoid bones and these branches link respec-
tively with thea. digitalis plantaris communis II and
the a. digitalis plantaris communis 111 which represent
a continuation of the superficial ramus of the lateral
plantar artery. Thea. digitalis plantaris (propria I11)
medialis and the a. digitalis plantaris (propria I11)
lateralis arise from this ramification.

Dorsal arteries
(horse: 108; 122; 123; 124; 206/2)

The dorsal pedal artery gives off the distal<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>