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INTRODUCTION

The thyroid gland is an important endocrine gland in thé'
mammalian body. Thyroxin (tetraiodothyronine), the principal
circulating hormone of the thyroid gland, regulates the basal
metabolic rate, water and ion transport, and it‘is necessary
for the differentiation, growth, and maturation of the nervous
system (Turner and Bagnara, 1971). Thyro-calcitonin
(calcitonin), elaborated by the parafollicular or C-cells,
decreases blood calcium levels and is antagonistic to the
parathyroid hormone which increases blood calcium levels
(Turner and Bagnara, 1971).

Since the thyroid is an endocrine gland, its function is
very intimately dependent on ‘its vasculature for transport of
its hormonal secretions. Stewart (1932) believes the thyroid
gland has thé richest blood supply of any organ in the body.
Tschuewsky (1903) states the human thyroid gland is 5.6 times
as vascular as the kidney and estimateé the amount ©f blood
flowing through the gland to be 560 cc/min/100 g of tissue.
Early physiologists speculate that the main function of the
thyroid gland consists in acting as a vascular shunt to protect
the circulation to the brain (Major, 1909). Johnson (1953)
reports ea;ly physiologists also hypothesize that because the
gland is superficially placed,’perhaps it acts as a cooling

organ for the blood.



Although these early hypqtheses are no longer held to be
correct, thef demonstrate that early physiologists recognize
the vascular paftern of the thyfoid to be an important aréhi-
tectural component of the gland and is very closely related to
its function. ' They also realize that an understanding of the
noxrmal vascular system would aid in explaining some important
physiological and pathological manifestations of the thyroid
gland. ‘

The inaccessibility of live human specimens for thyroid
gland research led investigators to use suitable animal
substitutes and, especially, the dog is being intensely studied
as a preferable animal model. This was preceded by reports
(Maﬁor, 1909; Modell, 1933) that the canine thyroid gland
anqioarchitgcture is identical to that of the human. Even more
recent investigators (Johngon,ll953—1955; ICheV,;IQGS,_196§—ﬂ
1970),1aibeit théy disagree as to the intrinsic‘vascular pat;
tern of the therid'gland, believe the canine and human thyroid
gland angioarchitectures are basically the same.

. .These reports of similar angioarchitectures are questioned
in this ihvestigatiop primarily because of the following
morphologic differences Qxisting between the human and.cénine
thyroid glands:

1. The human thyroid gland resembles a shield covering-
the ventral surface of the trachea (Smithcors, 1964). [The

Greek word “thyreos.= oblong shield."], Most freguently, the



canine thyroid gland coﬁsists of two separate lobes situated
on the ventrolateral aspects of the trachea (Smithcors, 1964).

2. Some investigators (Berry, 1901; Williamson, 1926)
affirm that the inferior thyroid artery is a more important
vessel to the human thyroid gland than the superior thyroid
artery. Available literature on the canine thyroid gland, on
the other hand, states that the cranial thyroid artery is the
principal vessel as compared to the caudal thyrbid artery.

3. The major vessels supplying the human thyroid gland
divide on the surface of the thyroid gland (Mastin, 1923). The
major vessels supplying the canine thyroid gland, on the con-
trary, divide within the thyroid gland (Major, 1909).

The above differences form the basis for tﬁis investiga-
tion assuming that if differences exist on the gross morpho-
logic level between the human and canine thyroid glan@s, dif-
ferences may exist internally at the microscopic level as well.
Further, it is thought that if the wvascular pattern of a
structure conforms to its morphology and two structures are
mofbhologically di fferent, there is a possibility that the
vascular pattern is likely to be different. Halsted and Evans
(1907) find many distinct differénces in the anatomy and
histology between humans and animals, and conclude that it is
no longer justifiable to assume that the findings in animals

mast be identical with those in man.



Also, a survey of the literature to date reveals con-
flicting reportS';elatinQ to the angiaarchitecture of the
canine thyroid gland. For studying the angioarchitectﬁre of
both the human and canine thyroid glands, almost all investi-
gators. in the past havé employed the microscopic examination
of s£aiped_serial sections of the thyroid glands, whose
vascular system had been injected with a colored gelatin mass.
Though this is a good method of investigation, occasionally
serial sectiohs can be misleadiné without giving a clear
pictufe of the aqtual vascular pattern, e.g. sections not cut
at thé proper angles, too thick sections, and even some missing
sections can attribute to an inaccurate picture and interpreta-
tion of the angioarchitecture. This can, in turn, lead the
investigatqr to deduce wrong conclusions. The discrepancies
ip the literature attest to this facg and therefore need to be
reconcilea;

It has amply!pggn made clear that conclusions should not
bg‘afawn from gne_méthod of study (Johnson, 1953). ip addi-
tiop to, 1) the conventional microscopic e;aminatiOH of stained
serig; seétiOns of‘caning thyroid glaqu, 2) the examination of
plastic casts of the entire vascular system depicting é three
dimensional pictu;e of its vasculature, which is not readily'
obtainable:from serial sections, and 3) a clearing téchnique
allowing obéervatiqn of the capillqry péttefn"arqund‘thé

. follicles in the transparent, intact gland, were employed in



this investigation.

In view of the importance of the canine thyroid gland in
research ‘and of modern and unattempted techniques (2 and 3
above) providing.a fairly accurate picture of the vascular
?attern within the thyroid gland, the present investigation
was initiated to accomplish the following:

1. to give a complete and fairly accurate desgription
of the blood vascular system of the canine thyroid
gland;

2. to resolve discrepancies existing in the literature
on the vascular pattern of the canine thyroid glénd;

3. fo conclude the feasibility of using the canine
thyroid glénd as an animal model for human thyroid
gland research; and

4. to_provide ddditional information that may prove
useful to future thyroid gland research.

Within the framework of this study, the gross morphology
and histology, as well as the lymph drainage of the canine
thyroid and parathyroid glands are investigated.

With respect to the nomenclature, the English eguivalent
of the latin terms in the Nomina Anatomica Veterinaria, 2nd
edition (1973), published by the World Association of

Veterinary Anatomists, is used.



LITERATURE REVIEW

Gross Anatomy of the Canine
Thyroid Gland

Lbcation

The canine thyraid gland consists of two loosely attached
lobes, lying ventrolateral to the cranial aspect of the
trachea (Adam et al., 1970). They extend along the length of
the trachea between the first five and eight tracheal rings
(Smithcors, 1964). Bradley and Grahame (1959) and Hoskins
et al. (1962) state that the lobes are symmetrical in size and
shape, and are elongated with narroﬁ extremities. The-
extremities‘are ffequently referred to as the cranial and the
caudal poles of the gland.

N Although the lobes are symmetrical in size and shape,
they'a£e-not always symmetrical in position. The qranial,pole'
of tpé righ£ lobe 1lies opﬁosite either the caudal‘border of
theugiicpid cartilage of the‘larynx or the first tracheal ring.
The cranial pole of the left lobe usually lies one to.phree
tracheal rings caudai to that~of the right lobe (Smithcoxs,
19§41. Therefore, it can be inferred that the right lobe is
more cfanial in po;itiqﬁ-than the left.

The thick dorsal border of each lobe is in close proximity
to the.Ea;otid{sheathf(Smithcdrsﬁ 1964). The lateral sﬁrface

of each lobe is covered by the sternocephalicus muscle and its



relatively thin ventral border is in contact with the sterno-

thyroideus muscle (Bradley and Grahame, 1959).

Thyroid isthmus

The presence or absence of a glandular isthmus seemingly

depends upon the age and breed of the QOg. Gilmore et al.
(1940) and Hoskins et al. (1962) state that a glandular isthmus
is present in the larger breed of dogs, but is absent in the
smaller breed of dogs. Bradley and Grahame (1959) state that
the two lobes are connected ventral té the trachea by an |
isthmus of variable dimensions, while Adam et al. (1970)
describe the dog lacks a well-developed isthmus. Smithcors
(1964) concludes that there is a small fibrous band in some
dogs, representing a fetal vestige of the isthmus. According
to him, a glandular isthmus is most frequently found in
brachycephalic breeds along the ventral surface of the trachea,

connecting the caudal poles of both lobes.

Size and weight

The relationship between size and weight of the thyroid
gland to body weight. has thoroughly been studied by ﬁany
investigators. A variety of factors may influence thyroid
gland size and weight; to:meqtion a few are age, sex, estrous
cycle, pregnancy and number of pregnancies, geographic origin,

breed, and season of the year.



_Gilmore et al. (1940) state that there are wide variations .

in the thyroid gland weight, but not exceeding 0.300-g/hg bddy'
weight. Reinhold (1949) studied 34 normal canine thyroid-.
glands and reports the absoiute weight of the glands range

from 0.08 g - 6.09 g, with an‘average weight of 2.48 g. He

. observed that in pathological cases the relative weight is

decreased or reduced, with a relative weight of 0.5 g.

- Vicari (1932) and Latlmer (1967) affirm the effect of age
and body weight on the size and welght of the thyroid gland.
Both lnyestlgetors find that younger dogs and smaller breeds,
espegia%}y the,hraehycephqlic breeds, have prgport;ohally
1arge; thgtoids.: In younger animats, the ratip of size of the
thyroid (in length) to pounds body weight is higher than in the
adult.

Lerger breed dogs have comparatlvely smaller thyr01ds,
but practlcelly the same absolhte amount of thyroid tissue
functiehs:in a smaller breed dog as that present in a,larget
breed (Vicari, 1932). According to him, there is a tendency
for a large thyr01d belng a55001ated with small external

Qarathyrq;d_glahdsLaqd3VLce versa. . Haensly et el (1964) flnd

in beagles that the absolute thyrqid weight faries less

significantly from the age of one day to eight&weeks‘thén from
the age of nine weeks to 15 years. From one day through the

thirdhweehsqf age, the thyroid weights are related to body

‘weith{:endrin the aqe-period from fourth to eighth weeks, the
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gland weight is independent of body weight.

Latimer (1967) indicates that females have a relatively
larger thyroid gland than males. There 1s a normal enlargement
of thyroids during estrus and pregnancy, with heavier thyroids
occurring in repeatedly pregnant females than in males or non-
pregnant females. It is also heavier in castrates than in non-
castrates. However, Haensly et al. (1964) mention there is no
sex difference in the weight of thyroid glands of the beagles
in their studies.

Smithcors (1964) states both thyroid lobes (within the
same dog) are more or less symmetrical in size aﬁd shape, with
no constant difference between the mass of the two. He
further describes that the size of the two lobes is wvariable.

Occasionally the mass of one can be as much as 50 per cent or

‘more greater than that of the other.

Accessory thyroid tissue

Hoskins et al. (1962) state that accessory thyroid tissue
occurs in 50-75 per cent of all dogs. It may be foqnd in a
number of locations. It is distributed in the cervical con-
nective tissue from the région of the larynx to the thoracic
cavity. Hoskins et al. (1962) and Smithcors (1964) describe
that accessor§ thyroid tissue can be found in the vicinity of
the thyroid gland, in the region of the hyoid bone, within the
thymus, aiong the entire cervical portion of the trachea,

between the mediastinal pleurae, within the pericardium in the
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aortic arch region, embedded in the periaortic fat, and.subendo-
cardially in the conus arteriosus. Accessory thyroid tissue
has also been found in the vaginal wall of humans (Kurman and

Prabha, 1973).

Gross Anatomy of the Canine
Parathyroid Glands
The parathyroid glands are first described by Sandstrom
(1880) (cited by Stromsten, 1947). Early investigators
believe they are £emnants of embryonic thyroid tissue and call
them thyroid glandules (Smithcors, 1964). They are gray to
golden brown in color and thus can easily be distinguished

from the darker colored thyroid gland (Adam et al., 1970).

Location |

Although Fowler and Hanson (1929) report the finding of
only one farathyroid gland in close contact with the medial
surface of the middle third of each thyroid lobe in the human,
it is generally accepted that there are usually one pair of
parathyroid glands in association with each thyroid lobe in
the caﬁinei Each one of the ﬁair is designated as the
“exte;hal“ and "internal" parathyroid gland (Smithcors, 1964).

fhe external parathyroid gland is always lateral to the
thyroid capsule of the respective lobe (Smithcors, 1964).
Usuallj'it lies in the cervical fascia at the cranial pole of

the lobe (Hoskins et al., 1962), but it may be found between
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the cranial and caudal poles, and occasionally it is seen
lateral to the thyroid lobe (Smifhcors, 1964).

The internal parathyroid gland lies beneath the thyroid
capsule on the medial surface of the thyroid lobe. Occasionally
it is embedded in the thyroid parenchyma and sometimes it ié

found on the lateral surface of the lobe (Smithcors, 1964).

Size and weight

Bradley and Grahame (1959) describe the parathyroid glands
as small rounded bodies which vary in size from a large pin-
head to a millet séed. The external parathyroid gland is
usually larger than the internal gland, but this can vary
contingent upon number, location, and structure in different
breeds (Vicari, 1938). Smithcors (1964) describes the external
parathyroid gland as a flattened oval body about 2-5 mm long,
but it can range from 1 mm - 1 cm in length. Further, he
staﬁes that the internal parathyroid gland is a small mass of
inconstant size and shape. Mulligan and Francis (1951) find

that the average weight of the external parathyroid gland is

about 5 mg in the larger breeds of dogs.

Accessory parathyroid tissue

Hoskins et al. (1962) report that accessory parathyroid
tissue occurs in about six per cent of all dogs. It may be
diépersed within or in thé region of the thyroid gland, in the

entire neck region embedded in the cervical fat, élqng the



12

’cbmmon carotid artery both cranial and caudal to the thyroid
gland, along the cranial laryngeal nerve, in the cervical and
thoracic parts of the thymus, and in the cranial mediastinum.
Kurman and Prabha (1973) report the finding of accessory para—
thyroid tissue in the vaginal wall of humans.

Embryology of the Canine
Thyroid Gland

Thyroid primordium

The primordium of the thyroid gland first appears as a
solid ¢ellular mass on the floor of the pharyngeal gut, in the
1ingqal primordia, between the tuberculum impar ventrally, the
copuia dorsally, and the iateral lingual primordia arising
from the first pharyngeal arch laterally, in man and other
primates (Tuchmann-Duplessis and Haegel, 1972). The cellular
mass forms.a groove at the site of the embryonic foramen
cecum. The groove deepens and a bud (composed of hypoblast and
mesoblast) appears growing down into the underlying mesoblast
(Williamson ané Pearse, 1930).

As the bud moves caudally, it keeps a communication wi£h
the pharynx in the form of a hollow canal called the thyro-
glossal duct (Smithcors, 1964). This duct normally regresses,
but may persist and not involute completely forming a thyro-
glossal cyst (Tuchmann-Duplessis and Haegel, 1972). .Smithcors
(1564) describes that groups of cells may become detached from

this developing bud and descend with the aortic sac. He cites
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this as reason for the presence of accessory thyroid tissue
found at various locations as a result of further modifications

of the aortic sac and aortic arches growing out of it.

Follicular development

Norris (1916, 1918) gives a very descriptive account of
the development of the thyroid foilicles in the human and
states the same development has been observed in the dog and
other animals. After a time, there appears in the thyroid
mass a number of completely closed cavities. These cavities
increase in size and finally open to the outside, whereupon
they are invaded by vascular mesenchyme. These cavities are
surrounded by epithelial plates, two cells in the thickness,
and they appearlﬁefore the follicular lumina develop (Norris,
1918). Williamson and Pearse (1930) believe these spaces are
the precursors of-the intrathyroidal lymph system. Thﬁs, at
this time; the thyroid gland is a mass of irregular, branching
and fenestrated plates, arranged longitudinally, . paralleling
the iong axis of the body. Because of this afrangement, the
plates appear as cordé of epithelial cells in cross sectioﬁ.
It is within these plates that the follicles of the thyroid
develop (Norris, 1916).

The first érimary follicles appear as hillocks or mounds
in the plates. The hillocks are produced as a result of four

processes in the epitheiium (Norris, 1916): -
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1. 'The first procéss is cell rearrangement whéré the
.cells of the plates rotate, so that their long axes

are at right angles to their original position (long
axes perpendicular to the surface of the plate).

2. Thé'seéond process is cell proliferation wheré there
is an increase in the number of cells. |

3. The third process is increase cellular size where. the
cells increase in height.

4. The fourth process ié lumen formation. "Before the
lumen forms, the cells of the follicle are circularly
arranged with their central ends in contact with each
other. These cells Fhen_seem to draﬁ'apart and lea&e
a small, central lumen. Norris (1916) notes that
there is no tubular étage formed. The lumina are
independgét spaces whiqh contain somgvsubsténce that
do.not-stain with ordinary methods. Some larger
ldmina:cqg;ain_a hazy, granular substance (Norris;
l?lG). éolloid does not ap?ear in the dog's thyroid
until the fetus is 25 days old (Gilmore et al., 1940).

The follicles then increase in number and maj form a

number of solia or-hollow buds. This process of budding forms
new follicles_and.i£ continues until the gland is made up ‘
entirely of spherical follicles'(Wilson, 1927). During this
period of development, groups of cells may become isolated and

- form accessory thyroid tissue (Smithcors, 1964).
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Thyroid isthmus

The isthmus is formed from the medial portion of the

thyroid plate (Smithcors, 1964).

Ultimobranchial body

Before the follicles are formed, the thyroid gland fuses
with the ultimobranchial body along the caudal two thirds of
the gland. Usually, the fusion is by interdigitation of the
ultimobranchial body with the thyroid cells, but sometimes the
ultimobranchial body extends free, caudal to the thyroid lobes
{Godwin, 1937a). |

The ultimobrancﬁial body arises as an éendodermal diverti-
culum from the caudal wall of the fourth branchial pouch.
Because it is quite large in the dog, it is sometimes con-

. sidered as a fifth pouch with certain differences (Godwin,
1937a).

Thefe is varied opinions about the ultimobranchial body
forming thyroid tissue in the early literature. Godwin (19375)
cites Rogers (1927) stating that the ultimobranchial body forms
one-third to one-half of the thyroid gland, whereas Mason
(1931) believes it does not form any thyroid tissue in the cat.
Godwin (1937a) compromises by stating that the ultimobranchial
body in the dog is not endowed with thyroid fofming potencies,
but it does form thyroid tissue, apparently by homeogenetic

induction.
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Paraféllicular or C-cells (Calcitonin cells)

It is now believed that the ultimobranchial body gives
rise to the parafdliicuiar or C-cells of tﬁe thyroid gland.
These cells were once thought to be associated with the forma-
tion of new tﬁYroid follicles (Smithcors,'1964)r but it is now
considered'that the parafollicular cells secrete thyro-
éalcitonin, whose function is to lower the blood calcium
levels. Its effect is antagonistic to the parathyroid hormone,
Parathormone, whiﬁh increases calciﬁm ievels in the blood
(Turnef and Bagnara, 1971). _

Nonidez (1932a and b), Raymond (1932), Zechel (1933), and
Vicari (1937) all consider the pa;afollicular‘cells to arise
from the follicular epithelium in the dog, however Jordan
et al. (1973) $Fate that Le Douarin and Le Lieure (1972) have
provided}experimental suppor£ for the hypothesis advanced by
Pearse (}966, 1969) that the pérafollicu;ar cells originally
arise from neural grest'éells which form an immigrant pqpuia—
tion within the endoderﬁal &ltimobranchial body. Jordan et al.
(1973), by electron microscopic study on sheep, have tfabed
the origin of the parafollicular cells to "bark Cells“ con-
tgined within the ultimobranchial body. iKamedaﬂ(}Q?Z) foun@l
no pa#afolligular cells in accessory thyroid tissue and.states
that this "not only indicates that the parafollicular cells and
fdllicular_cells éte‘of two dis;inct cell linés but also sug-

gests thaﬁ aécesso;y thyroid glands .are separated before the
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ultimobranchial body becomes involved in the main thyroid."

Embryology of the Canine
Parathyroid Glands

Parathyroid primordium
The parathyroids of the dog originate from the third and
fourth pharyngeal pouches. There has been no evidence that

parathyroid tissue arises from any other source (Godwin, 1937b).

External parathyroid glands

The external parathyroid glands are known as Parathyroid
IIT because tﬁey deveiop from the third pharyngeal pouch. Part
of the thymus, i.e. Thymus III, also develops from this same
pouch. The external parathyroid gland develops as a thickening
on the dorso-cranial face of pharyngeal pouch IIT (Smithcors,
1964). A duct is formed connecting the parathyroids with thé
pharynx, which later regresses (Smithcors, 1964).

In further growth, cells dissociate from the external
parathyroid mass and give rise to accessory parathyroid tissue
(Godwin, 1937b}. Since Thymus III develops from the same third
pharyngeal pouch, some parathyroid cells become asséciafed with
it. In its descent; Thymus III, developing from the third
pouch, carries parathyroid tissue with it and some endodermal
~epithelial cells become-detached and may be left stranded at
various levels (Godwin, 1937b). This explains the distribution

of accessory parathyroid tissue in the neck region (Smithcors,
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1964), and those cells that are ﬁot stranded, remain in”tﬁe
thymus. This explains the presence of parathyroid tissue in_

the thymus (Godwin, 1937b).

Internal para£hyroid glands

The internal parathyr01d glands arise from the fourth

pharyngeal pouch. Thus, they are known as Parathyroids IV,

arlslng together with Thymus IV. These parathyroids are first
connected to theipharynx by an open duct becoming a solid cell
cord which 1a£er regresses. The internal parathyroid mass then
undergoés a period of fusion and ‘inclusion with the thyroid
(Smithcors, 1964). | ﬁ

Edrly fragmentaﬁion of Parathyroid IV, with subseqﬁent
growth Shlftlngs, 1s qulte sufficient to account for the numoer
and pOSltlon of the accessory Parathyr01ds IV found W1th1n or"
assoc1ated w1th the thyr01d gland or Thymus IV of the dog |
(Godw1n, 1937b) .

:5ﬁi§tologf of the Canine
Thyroid Gland

Thyroid gland.capsule

'Varied oéiniohs éxist in the literature abouf the fascial
and spacial érran@eﬁénts surrounding the human and canine
thyroid glands (de Quervain, 1916; Fowler and Hanson, 1929; and
Thorek, 1949). However, the description of the capsule’ of the

caniné thyroid gland will be réstricted to its significance so
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far the éngioarchitecture is concerned.

Most histology textbooks (Bloom and Fawcett, 1968; Leeson
and Leeson, 1970)idescribe the human thyroid gland as being
envel&ped by a double capsule, viz. 1) an external capsule
which is continuous with the deep cervical fascia and is
easily removed and, 2) an internal (true capsule) which is
closely adherent to the gland. On thé other hand, in domestic
animals, Trautmann and Fiebiéer (1957) state that the thyroid
gland is surrounded only by a connective tissue capsule.
Smithecors (1964) adds that the capsule of the canine thyroid
gland is composed of the middle cervical fascia and the pre-
vertebral fascia, and this capsule is intimately related to
the parenchyma of the gland.

Similar to that in human (Wilson, 1927:; Ichev, 1965), the
capsule of the canine thyroid gland sends trabeculae (septa)
into the éland thus lobulating its internal structure
(Trautmann and Fiebiger, 1957; Smithcors, 1964; Dellmann, 1971).
Reinhoff (1929) does not affirm the lobular structure of the
human‘gland. However, Johnson (1955) points out that Reinhoff's
conclusions might have been arrived at from his wax reconstruc-
tion models. According to Johnson, the trabeculae are
relatively thin and the boundries of the 1obﬁlar structure are
not wéll.delineated. He believes that since these boundries
are only barely visible in stained microscopic sections, they

probably are not observable from wax models. Dellménn (1971)
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étates that the trabeculae are thin in all domestic animals,
except in largé ruminants and swine.
Major (1909) and Ichev (1965) have classified this lobula-
tion as follows:
1. Lobes of First Order (Structural Lobes)l - the
anatomical lobes of the gland. They consist of:
2, Lobes of Second Order (Functional Lobes) - first sub-
.division. They consist of a variable number of:
3. Lobes of Third Order (Lobules) - second subdivision;
They consist of a variable number of:
4. Follicles (Follicles) - basic units of the thyroid

gland.

Thyroid follicles

The follicles are the basic unit of the thyroid gland and
are responsible for the elaboration, storage, and secretion of
thyroxin (Turner and Bagnara, 1971). Their shape is usually
described as being round (Gilmore et al., 1940; Reinhold,
1949), ovoid, or tubular or saccular (Trautmann and Fiebiger,
1957).

Smithcors (1964) states that the follicles are composed

of two types of cells, viz., chief and colloid cells. The

;Synonymes in parentheses are comparable names used for
correlating the intrinsic vasculature which closely follows
Fhe internal structure of the gland as observed in this
investigation.
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chief cells are cuboidal and are Suppésed to be the actively
secreting cells (Webster, 1933; Taylor and Weber, 1951) con-
taining a rounded, lightly staining nucleus (Baillif, 1937).
The colleoid cells are supposed to be postsecretory cells
(Webster, 1933; Taylor and Weber, 1951), which are also
cuboidal but contain darkly staining cytoplasm with -pycnotic

nuclei (Baillif, 1937). Hoskins et al. (1962) describe the

cells lining the follicles as flattened, cuboidal, or columnar,

depending on their physiological state of activity. Wilson
(1927) believes the cuboidal form is found in patholegical
glands, whereas the normal gland contains the columnar type.
However, Baillif (1937) and Taylor and Weber (1951) contend
these two cell types represent different stages of the
secretory activity éf the same cell. Sugiyama (1954) and
Dellmann (1971) state that in the inactive or resting phase,
the cells are squamous and in the active or stimulated phase,
the cells become columnar.

Bloom and Fawcett (1968) report that the size of the
follicles in man véry greatly, whereas in animalé "the folli-
cles are of more uniform size." Reinhold (1949), however,
observes follicles of different sizes in the dog, and Dellmann
(1971) contends the follicles in domestic animals vary in size.
The follicles range from 30 to 160 microns in diameter in the

dog (Smithcors, 1964).
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This variation in size is correlated to the physiological
gtate_of activity of the follibles'which, in ‘turn, is depended .
upon diet, hutrition, climate, sex, age, season, geographic
location, pregnancy, and sexual cycle (Hoskins-et él., 1962).
Hoskins et ai. (1962) also state that it seeﬁs to.be related
to the shape of the muzzle and head in different breeds, where
the thyroids of the dolicocephalic breeds contain large, well-
develéped follicles and those of the brachycephalic breeds
contain small abnormally arranged follicles. Zechel (1933)
believes this variation in size is due to a "follicular cycle"-
a continuqus process of destrudtioﬁ and formation of new fol-
licles. Wilson (1927}, on the other hand, contends that the
number of'follicles is determined at an early stage of develop-
mént and this varig?ion is due to growth in size and not in
‘number of follicles. -

,De;lmann (197;)1believes reticular fibers, continuations
of the trabeculae, form the basement membrane of the thyzroid
follicles, while Gilmore et al..(1940) state that thé_
;eticglar'fiber boundary is not always present. Therefore,
the_follicles‘may or may not be completely surrounded by these
fibers and there is no true basement membrane. Isler et al.
(1969) find follicléé in direct contact with each other. . They
are nét separated by connective tissue, reticular fibers, or
pasement membrane, and this area of contact involves about

twelve follicular,célls in each follicle.
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Follicular colloid

The follicular lumina are filled with.a homogeheous,
iodine-rich material called colloid (Hoskins et al., 1962;
Trautmann and Fiebiger, 1957). Colloid is the stored secretion
‘of the follicular cells and it contains thyroglobulin, an
iodized glycoprotein (Turﬁer and Bagnara, 1971). Berthezene
and Greer (1974) describe "Psammona Bodies" - small PAS -
positive, concentrically laminated structures, which they find
in human papillary cancer and in the colloid of. iodine-
deficient rats. They postulate these structures might'COntain
or consist of thyroglobulin.

There are two striking histologic features of the folli-
cular colleid:

1. TIts differential staining capacity (Hoskins et al.,
1962)¢ Reinhold -(1949) finds the colloid in different follicles
to be either eosinophilic or basophilic with some follicles
containing partly eosiﬁophilic and partly basophilic stained
colloid. He also éinds some follicles with a clear,‘water-
like, unstained colloid. Stein (1940) attributes this to the
activity of the follicle, for he observes hyperactive follicles
stain basophilic and inactive follicles stain eosinophilic. He
also believes this staining reaction is influenced by the
iodine content of the colloid. In contrast, Hewer (1927) does

not believe it is due to the iodine content, while De Robertis

(1941) assumes it is due to differential penetration of fixing
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agent énd its chemical effect on the iodine content. |

2; ”fhe occasional appearance of vacuoles in the colloid?
De Robertis 61941) regards them as artifacts, while Williamsln
'(1941) believes they are an abnormal Secretory response. He
finds them to contaiﬁ a thin watery material and states they

afe produced by "colloid liquefaction of the cytoplasm."”

Hormonal secretion

Although‘the mechanism of_thyroxin seéretion from the
folliéles:is not completely understood, Turner and Bagnara
(1971) state the epithelial cells secrete a protease into the
colloid which breaks up the thyroglobulin into a sgries of |
iddinated'defivatiﬁes of tyrosine, viz. thyroxine'and tri-
iodothyronine, which pass into the circulation by a éoncentraf
tion gradient betwéén the colloid and the tissue fluids. ﬁo&-
evér;'Nﬁﬁez”et'aif (1972) obséfve, in the caniné thyroid giaﬁd,
colloid droplets in the cytoplasm of the follicular cells
formed by\fphagogytosis through the formation of apica1DCYtp-
plasmic_pseudOPOds_which enclose portions of the;pefipheral-
colloid.". They believe that the colloid within these droélets
-are then.giges;ed_ﬁk cellular enzymes to amino acids, thy:oxin
aﬁd ?r;iodothyroniﬁe; the last,two'of which are released into

the circulation.

Parafollicular or C-cells (Calcitonin cells) "

Parafollicular or C-cells; a second epithelial component

- of the thyroid gland- (Nonidez, 1932a), are assocdiated with a
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variety of names. Baber (1876, 1881), who is the first to

describe these .cells, calls them parenchymatous cells. They

are also known as "protoplasmareichen zellen" (Huerthle, 1894),

interfollicular cells (Takagi, 1922), and macrothyrocyte

(Zechel, 1933). Nonidez (1933) gives them their present name,

parafollicular cells. The literature also describes them as

C~-cells, sihce-they are now known to secrete calcitonin

(thyrocalcitonin}.

In histologic sections, parafollicular cells can be

distinguished from follicular cells by the following character-

istics:

ll

The ceélls are larger than the follicular cells
(Bensley, 1914; Nonidez, 1932a, b) and are spherical
in shape with a homogeneous c&toplasm (Zechel, 1933).
Their nuclei do not differ in size or shape from that
of the follicular cells {(Raymond, 1932), but do differ
in being clear and vesicular (Nonidez, 1932a;
Teitelbaum et al., 197l) with a distinct net of
chromatin (Zechel, 1933).

Their cytoplasm contains numerous argyrophilic’
(Nonidez, 19335_or darkly staining secretory (Kameda,

1973) granules.

The cells are usually found in three locations, viz.

1) between the follipular'cells, 2) between the follicular

cells énd the basement membrane of the follicle, and 3) as cell
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clusters,'with their own basement membrane, outside the foi—_
 licular membrane (Bensley, 1914; Nonidez, 1933; Zechel, 1933;
Vicari, 1937; Roediger, 1973). Roediger (1973) observes that
in young dogs the parafollicular cells are concentrated in the
area of ‘the parathyroid glaﬁd and cranial thyroid artery,
'whéreas in older dogs they are dispersed throughout the thyroid
gland. He attributes this dispersal to growth of the gland.
Vicari (1936a, b, 1937) states that age does not influence
the amount of parafocllicular éells in the canine thyroid gland,
however the amount does vary with breed, pregnancy status, gnd
.physiologic. activity of the glaﬁd. He finds parafoi;icular
cells in_aﬁ external parathyroid gland of a female dog in
estrus. Réediger;(1973) states that Stux et alﬂ {1961) findl
parafoilicular cells to be 5 per cent of the total tﬁyroid

weight in rats, irrespective of age.

Other cellular masses

décasibnaliy; one can find ther'cellular'maséesvwithin
the thyroid gland which are designated as remnarts of
embryonic strictures. Thyroid cysts, originating from the
ultimobranchial body{ are normally found in the thyroid giénd
of the cat‘(Mé36n,"19311.. Jordan et al. (;9§3Y find = ulti-
mobranchial ¢ysts embedded within the thyroid gland of sheep.
-They describe these cysts as forming a large elongated stiuc-

ture, whose cells form cords, extending away from the cyst wall
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and thus making contact with the thyroid tissue. Tashiro-
(1963) describes an ultimobranchial cyst in a dog as consisting
of simple and stratified epithelia, both containing faintly
eosinophilic granules. Superfiéial epithelial cells of these
cysts are cuboidal to columnar in shape, with some being
ciliated. Underlying cells are polygonal. Most of the
centrally located nuclei are irregﬁlar and appeared multi-
lobulated, otheis are oval.

jubb-and Kennedy (1963) describe ultimobranchial cysts as
having a clear flui@ content or pale eosinophilic colloid. The
cysts are lined by a simple columnar, partially ciliated
epithelium, which may form thyroid microfollicles. Calvert
(1975) finds ultimobranchial bodies in rats and states they
develop into an elongated tube or duct which give off numerous
smaller ducts. These smaller ducts dilate into ultimobranchial
follicles. According to him, the walls of the tube are
composed of stratified epithelium and its lumen contains a
PAS - positive material together with cellular debris. The
smaller ducts contain a colloid-like material. The ulti-
mobranchial follicles consist of a stratified squamous |
epithelium and range in diameter from 30 to 200 am. Calvert
also describes mixed follicleé, whose walls are composed of
follicular and ultimobranchial cells, and states that these
mixed follicles could be mistaken for typical thyroid follicles

because their lumina contain a c¢olloid-like material. However,
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ﬁhé observes that these mlxed follicles do not incorporate
radlo—lodlne and thus do not functlon as thyr01d follicles. )
He does not‘attrlbute any function to them. |

Kaﬁeda (1971 -and 1973) finds parafollicular cell
complexes within canine thyroid glands and regards them as-
remains of the_ultimobranchidi Body. His oval complexes,
”separéted from the thyroid parenchyma by connective tissue,
aré'fbund around fhe internal parathyroid glands and;consist
of parafoliicular-cellé and a few columnar epithelial celi
masséé. ?he largest complex measure 2.5 mm in diameter.

Ndrrisﬂ(;916) deécribes cysts which he believes .to be
V':gmnapts‘of‘emb;yqlogical primary follicles. According to hiﬁ,
these_c?sts are located in the lower and dorsal part of the
tﬁyroid_lobe;rtheir walls are made up of fattened epithelial
cells, the 01rcu1ar 1um1na contaln a glandular substance, and
‘they glve off hollow buds by constrlctlon.

HisEologffdf the Canine
. Parathyroid Glands

Parathyroid giéndhéépsuié

The external pérdthyroia‘glands'pbsseés a thin connéctive
EisSué_éaﬁéulé'(TfauEmaﬁn énd*FiebiQer, 1957; Dellmann, 1971):
Hoﬁéﬁer;'é'ca§9ule i$ often absent around the internal para-
thyroid glands when thew_}' are embedded in the thyroid gland
(Tragtmann and Fiebigér; 1957). - Fowler and Harson (1929) do

not observe a capsule between the parathyroid and thyroid -
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" glands.

Similar to the thyroid gland, the capsule of the par;—
thyroid glands sends fiﬂe, delicate septa into the gland
{(Flint, 1904), which end as reticular fibers surrounding

individual cells (Trautmann and Fiebiger, 1957).

Parathyroid gland epithelial cells

According to Dellmann (1971), there are four types of

cells cbmprising £he parathyroid glands, viz.:

1. Light Chief Cells - inactive ‘cells possessing a _
large, light nucleus and lighttacidophilic‘cytoplaém.

2. Dark Chief Cells - active cells possessing a much
darker cytoplasm and containing many large (100—266 kmn
Secretory dgranules.

3. Oxyphilic cells - very large cells with a light
eosinophilic cytoplasm. These cells are rare in all
domestic animals, except horse and large ruminants.

4, Syncytial Cells ~ small, dark cells containing an
acidoPhilig cytoplasm and dark nucleus.

" By this classification, Dellmann. appears to indicate all
cell types, except oxyphil cells, are pregent in the dog.
Adam et al. (1970), on the contrary, state thaf only the chief
cell is present in y&uﬁg dogs, while oxyphil cells appear in
older prosenile dogs. Taylor and Weber (1951) conclude that

oxyphil cells are absent in the dog and cat.
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' Besides these cells, Pacinian corpuscles also are reportgd
in the canine parathyroid glands (Trautmann and Fiebiger, 1957;
Adam et al., 1970).

Unlike the follicular arrangement of the epithelial cells
in thé thyroid gland, the epithelial cells of the parathyroid
glands are arranged in irregqular cellular cords or clusters
and orientated toward the numerous, sinusoid-like capillaries
within the glands (Flint, 1904; Taylor and Webexr, 1951;
Trautmann and Fiebiger, 1957; Hoskins et al., 1962; Smithcors,

1964; Adam et al., 1970; Dellmann, 1971).

Angioarchitecture of the
Canine Thyroid Gland

Arteries

" Johnson (1953) credits Bedoune (1884) for doing the first
systematic study of the thyroid blood vessels in humans. A
review of the English literature reveals that Major (1909)
first studied comparatively the thyroid wvasculature in the dog,
cat, and human.

Major supply The blood flow through the human

thyroid gland is estimated to be 560 cc/min/100 g of tissue
(Tschuéwsky, 1903). This enormous amount of blood is supplied
by the superior and inferior thyroid arteries, and sometimes
by an inconstant thyroid ima artery (Wilson, 1927; Johnson,
1955; Goss, 1966; Nomina Anatomica, 1966). Controversy exists

as to which artery, the superior or the inferior thyroid artery;
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provides the major supply to the gland in humans. Fowler and
Hanson (1929), and Stewart (1932) believe the inferior thyroid
arterf is the chief blood shpply to the gland. Wangensteen
(1929) guotes Eiselsberg (1901) stating the inferior thyroid
artery is the most important vessel of the human thyroid gland.
Johnson (1953) réports that the inferiof thyroid artery
supplies two-thirds of the thyroid lobe, while Ichev (1970)
states that "the superior thyroid artery supplies the antero-
‘medial portion of the thyroid lobe and the inferior thyroid
artery supplies the postero-medial portion of the lobe."
de Quervain (1916) assumes that the inferior thyroid

artery is the chief supply to the-human goiter, while
Wangensteen (1929) cites Sobotta (1915) describing the
inferior thyroid artery as usually being larger than the
superior thyroid artery in the normal_huﬁan thyroid gland;
Major (1909), Mastip (1923) , and Rogers (1929) hold that the
inferior thyroid artery is larger than the superior thyroid
értery in humans. Rogers (1929) cites Berry (1901) who also
believes the superior thyroid artery to be much smaller than
the inferior thyroid artery, and Wilson (1927) reports that
Williamson (1926) believes the inferior thyroid artery supplies
only the parenchyma, while the superior thyroid artery "has a
certain nutrient function to thé interstitial fissue,".similar

to the hepatic artery in the liver.
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IOn the contrary, Rogers (1929} states that the superior
thyroid artery is the primitive artery to the human thyroid?
gland and it is never absent. Mastin (1923) reports that
Dwight (1894) finds‘the inferior thyroid artery absent on the
right 'in one case and on the left in five cases out of 437
“human specimens studied. Hunt et al. (1968) find the righti
inferior thyroid artery more often absent than the correspond-
fing left and thus'the'major supply, in these cases, comes from
"the superier thyroid artery. AJarvis'and Nell (1963) quote -
Adachi (1928) statingAthat sometimes the inferior th&roid
artery is sO small that it does hotisupply the gland at all,"
but ends in branches to the trachea and esophagus. Wangensteen
(19?9)'reperts that Jaeger-Luroth (1883} believes_the,Superior
thyroid artery is the main vessel of the‘thyroid'glahd.u.

. All the available 1iterature agree that animals possess a
cranlal thyr01d artery, however, a controversy ex1sts as to :
the presence of a caudal thyroid artery 1n different spec1es
(Nlckel and Schwarz, 1963). Bugge (1967) and Ichev (1967a)

- state that ‘the caudal thyroid artery is absent in the rabblt
and the entire gland is Supplled by the cranial thyr01d artery.
Rellly (1954), on the other hand, affirms the presence of a.u
cranlal and caudal thyr01d artery in the rabblt and belleves
the.caudal thyrdld artery supplies most of the?gland,.whereas
the-cranial“thyroidjartery sends ogly one small glandular

‘branehﬁto_the upper—poie of the thyroid lobe, thus sgpplying
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only the upper pole. He believes the caudal thyroid artery
supplies the remainder. Reilly also points out that the

cranial and caudal thyroid arteries of the rabbit are "not
strictly comparable to the human superior and inferior thyroid
arteries,;" but the‘territory of distribution of the cranial and
caudal Ehyroid arteries of the rabbit is similar to those of
humans. |

Nickolas and Swingle (1925) state that the cat positively
lacks an inferiox (Caudal)l thyroid artery and that the
superior (cranial) thyroid artery supplies all the blood to the
thyroid gland, whereas Major (1909}, aﬁd Reighard and Jennings
(1966) believe the cat possesses both a superior (cranial) and
inferior (caudal) thyroid arteries, but that the cranial
thyroid artery supplies the majority of blood to the thyroid
gland.

The canine thyroid gland has a mean blood flow of 1.09
cc/min/g of tissue (Folkman and Gimbrone, 1972) and most of the
literature states that the canine possesses a cranial thyroid
artery, which is the m&jor blood supply to the gland, and a

smaller caudal thyroid artery that may be absent in some dogs

(Major, 1909; Bradley and Grahame, 1959; Smithcors, 1964;

lWhenever the literature uses human terminology in

describing the vascular supply to the thyroid gland of four-
legged quadrupeds, the terminology adopted in Nomina Anatomica’
Veterinaria, 1973, will be placed in parentheses.
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»fchev, 1969b) - However, Smithcors (1964) adds that when the"
caudal thyr01d artery is well developed in the dog, the cranlal
~thyrord artery is reduced in a reciprocal ratio. Bradley and
_Grahame (1959) believe the caudal thyroid artery assists in
.the blood supply to the canine thyroid gland -and Nomlna |
Anatomlca Veterinaria (N.A.V., 1973) deflnltely cla551fies the
canine as possessing a caudal thyroid artery andvstates that a
caudalhthyroid-artéry is present in sheep, but;inconsistent in
the_ox"and“goat. Rogers (1929) affirms the presence of;the
superior (cranial) thyroid artery and the inconstantly present'
inferior:(caudal) thyroid artery in’animals, inﬁgeneralr'
Wangensteen (1929)' quotes Latarjet and_Alamartine (1910):
whoiconclude that the ‘superior (cranial) thyroid artery is the
more.important vessel of the thyroid gland in any vertebrate}
while ‘the 1nfer10r (caudal) thyroid, artery 1s only found in _
hlgher vertebrates.: Nlckel and Schwarz (1963) state that the
caudal thyr01d artery does not occur in all domestlc anlmals
and in those‘spec1es where it 1s,descr;bed, 1t 1s not constantly
present. :Thusg_they conclude the qranial thyr01d artery_rs the
mafn,blood,supplé to the thyrofd gfand in domestic animals,5 In
-support'of their condlusion,,Nickel and Schwarz ¢iF¢;iiQt%sch‘ .
mann (1943) uho believes the oaudalzthyroid artery’is almost
Aalways absent 1n the dog, and Loeffler (1955) who found the :
‘artery 1n only four out of eleven dogs, three cases on both

51des_and rn;one“ease only_on the right Slde!-
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Caudal (inferior) thyroid artery In humans, the

inferior thyroid artery arises as the largest branch of the
thyrocervical trunk (thyroid axis), which arises from the sub-
clavian artery on each side (Rogers, 1929; Fowler and Hanson,
1929; Stewart, 1932; Goss, 1966). Rogers (1929) cites Quin
(1854) £hat it may arise from the common carotid, vertebral, or
subclavian arteries as an independent trunk. Allen (1952} *
describes a "deep inferior thyroid artery" arising from the
superior surface of the subclavian artery. The inferior
thyroid arteiy courses cranial (ascending portion - Swigart
et al., 1950) ventral to the ldngus colli muscle, then turns
medially, descends (descending portion - Swigart et al., 1950)
dorsal to the carotid sheath andlenters the posterior su;facé
of the thyrdid lobes (Mastin, 1923; Fowler and Hanson, 1929;
Rogers, 1929; Stewart, 1932; Bachhuber, 1943; Goss, 1966).

According to Goss (1966), the inferior thyroid artery
gives rise to the following branches :

1. Inferior laryngeal

2. "fracheal branches

3. Ascending cervical

4. Muscular branches;

5. Esophageal branches -
distributed to the esophageus. According to Swigart et al.
(1950), the esophageal arteries arise from three sites, viz.

l) the ascending portion, 2) the descending portibn, and 3) the
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terminal rami of the inferior thyroid artery. Those
esophageal branches arising from the ascending portion are
larger than those arising from the other two sites. However,
the esophageal branches originate from the terminal rami more
frequently than from the other two portions of the vessel
(Swigart et al., 1950).

The number of terminal branches that reach the thyroid
gland from the inferior thyroid artery varies in the literature.
Goss (1966) states that the inferior thyroid artery divides in-
to two branches which supply the caudal parts of the gland and
énastomose with the superior thyroid artery. Nonidez (1931)
believes this anostomosis occurs either outside or within the
capsule of the glénd. Bachhuber (1943) contends there are
three terminal branches, while Fowler and Hanson (1929) hold
that four_to six small branches enter the posterior portions
of the gland. The branches ramify over the surface of the
gland (Mastin, 1923).

Swigart et al. (1950) describe a "tracheo-esophageal
artery" as arising from the ascending portion of the inferior
thyroié artery. It follows the recurrent laryngeal nerve to
the superior mediastinum and supplies branches to the trachea
and esophagus, and sometimes it anastomoses with the right or
left superior bronchial artery; Jarvis and Nell (1963) say
that Caifney (1925) describes a small tracheoesophageal artery

arising from the right subclavian artery.
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The caudal thyroid aftery is variably present in the dog
(Major, 1%09; Bradley and Grahame, 1859; Nickel and Schwarz,
1563; Smithcors, 1964; Ichev, 1969b). When present, it is
usually a small vessel and arises either separately or by a
common trunk with its fellow from the brachiocephalic trunk
(Ellenberger and Baum, 1891; Bradley and Grahame, 13959; Nickel
and Schwarz, 1963; Smithcors, 1964). It may arise from the
left subclavian and ascending cervical'arteries, and the
costocervical trunk on the right side (Ellenberger and Baum,
1891; Bradley and Grahame, 1959; Nickel and Schwarz, 1963;
Smithcors, 1964). It accompanies the recurrent lafyngeal nerve
on the ventromedial aspect of the trachea, giving branches to
the trachea, ésoPhagus,-caudal'cervical ganglia, and nerves in’
the region of thg thoracic inlet (Bradley and Grahame, 1959; °
Smithcors, 1964). According to Smithcors (1964), the cervical
portion of the trachea and esophagus is supplied by branches
from the caudal thyroid_a;tery, only in those dogs where the
caudal thyroid-artery is well developed. Smithcors also staﬁes
that the caudal thyroid artery anastomoses with a branch of the

‘cranial thyroid artery in the middle third of the neck. ‘Hdw—
ever, Nonidez (1931) believes this anastomosis occurs on the
surface of the gland.

Jarvis and Nell (1963) describe an artery arising from the
dorsolateral aspect of the brachiocephalic trunk in dogs, which

divides into a cephalic and caudal branch. They trace the
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cephalic branch only for a few centimeters and find it civinglm
off small twigs to the trachea and esophagus;A The caudal
branch courses to the tracheal bifurcation, giving branches to
the,esophagns and tradheobronchial lymph nodes. They suggest

this artery be called the tracheoesophageal branch of the

" brachiocephalic trunk. In one specimen, Jarvis and Nell

observe this tracheoesophageal artery to follow the vagus nerve.
to the root of the left lung. 1In another dog, they find it to

anastomose with a direct branch from the aortic arch. . They

“further find 'a_tracheoesophageal artery arising from either the
Jright_or left subclavian, or from the left common carotid.

'Qccasionaliy, the cephalic and caudal branches arise from the

brachiocephalic separately. | Jarvis and Nell believe that

becauee the neck reéionpin the dog is longer than in humans, .

‘-and the first an&'only significant branch from'the canine

common carotld lS the cranlal thyrord artery, a long blood

' vascular gap between the thyrord and bronchlal blood supply

eglsts. ?hey suggest_that-thls tracheoesophageal branch of
the brachlocephallc is prov1ded to bridge this gap.

Thyr01d.1ma artery ~ The thyr01d ima artery ls descrlbed

=

in the llterature .as belng present only in_ humans. It 1s

‘present in 4- 10 per cent of all humans (Wolpert, 1969).

Wangensteen.(1929)=statee that Haller (17?5)'accords Nlcolai
(1725) with its'first,descripticni hovwever Wangensteen‘also_

quotes Gruberv(1872)hthat itiis'ﬁescribed hy Neubauer (1772)5
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The thyroid ima artery is also known as Neubauexr's artery
(Rogers, 1929; Wangensteen, 1929).

The origin of the thyroid ima artery is quite variable.
According to Wangensteen (1929), Gruber (1872) finds it to
arise from the internal mammary, right and left common carotid
arteries, right subclavian, right thyreocervical axis, and
right transverse scapular artery; Huerthle (1894) finds it to
arise from the brachiocephalic on the right and from the aortic
arch on the left; and Streckeisen (1886) states that most
frequently.it arises from the brachiocephalic trunk. Fowler
and Hanson (1929) observe it to arise from the brachiocephalic
trunk and enter the isthmus of the thyroid gland. Sometimes it.
arises from ﬁhe internal thoracic (Goss, 1966). Wolpert (1969)
staées that Adachi (1928) believes any thyroid artery origi-
hating from the aortic arch, brachiocephalic trunk, right
common carotid, or internal mammary artery is a thyroid ima
artery. The vessel ascends the ventral aspect of the trachea
to supply the inferior portion of the thyroid gland (Goss,
13966). i

Wangensteen (1929) finds this artery even when the
inferior thyroid artery-is present and -Rogers (1929) believes
the thyroid ima artery "must form an important affluent to the
collateral circulation" to the thyroid gland. Wolpert (1969)
also believes that the thyroid ima artery is a possible

collateral pathway to the thyroid gland and finds that when he
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surgically occluded the common carotid artery, the-thyroia ima
" artery enlarged and became the only blood supply to the thyfoid
gland.

Cranial (superior) thyroid artery =  The superior thyroid

artery of humans is the first branch of the external carotid
"and arises -just caudal to the thyrohyoid bone (Goss, 1966;
Fowler and Hanson, 1929; Wangensteen, 1929; Stewart, 1932).°
Fowler and Hanson (1929) add that only rarely does the superior
thyroid artery arise from the'common‘caratid and that it is tﬁe
only artery in the neck whose blood flow is toward thg heart,

According to Stewart (1932) and Goss (1966), the superior
thyroid aftery éives the fblloﬁing.branches: |

1. Inﬁrahygidlbranch

2 ,Ste;nécleidéméstoid branch

3: Supg;ior 1a:yhgea1 pranch‘h

4. CriCthyroiq branch

5. :Glgngular.b;anches. _
The glandular prénches are usUallf three in nﬁﬁber .(Mastin,
-1923,5Eow1er and‘Hanéop, 1929), which distribute themseivgs
over the'surface.of the gland (Johnson, 1953 and 1955).,_0n1y_'
, occasiqné}lf_is)allargg vessel present'withiﬁ the parenchyma
of ﬁﬁg gland (Mastin, 1923). The largeét of the three‘glandular
branches run over ?pgﬂanferior qqd lateral surface of the gland
(Stewart,‘l932i,léén§iﬁg branches to ramify over these 'surfaces

of the gland and.té anastomose with thé superiér'thyroid artery
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of the opposite side at the isthmus (Stewart, 1932) and the
inferior thyroid artery of the same side (Mastin, 1923). A
medial and superior branch (Stewart, 1932) descends the
posterigr border of the gland and anastomoses with the inferior
thyroid artery (Mastin, 1923). Stewart (1932) states that a
third branch, smaller than the cher two, dips into the gland.
Mastin believes this small branch arises frpm a common trunk
formed by the anastomosing of the medial and superior branch
with the inferior thyroid artery, and that this branch supplies
the external parathyroid gland.

Unlike the superior thyroid. artery in humans, the cranial
thyroid artery of the canine arises as the first and only
branch of the common carotid artery (Nickel and Schwarz, 1963;
Smithcors, 1964)( Smithcors (1964) states that it arises from
the common carotid opposite the caudal part of the larynx,
however, Nickel and Schwarz (1963) do not believe this is a-
constant point of origin. They state that the cranial thyroid
értery arises from the common carotid artery approximately
opposite the cranial pole of the thyroid gland and thus this
pdint of srigin can be displaced either proximal or distal, .
dependent upon the position of the cranial pole of the thyroid
lobe.

The cranial thyroid artery courses past the cranial pole
of the thyroid gland (Nickel and Schwarz, 1963) and gives rise

to the following branches (Smithcors, 1964; N.A.V., 1973)«
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1. Sternocleidomastoid branch - arises shortly after the
cranial thyroid artery originates from the common carotiq. It
supplies both the sternomastoideus and sternooccipitalis por-
tions of the sternocephalicus muscle and the cleidomastoideus
portion of the brachiocephalicus muscle. |

2. Pharyngeal branch - arises from the cranial side of
- the artery, supplying twigs to the cranial portion of the
esophagus and larynx, and ends in the constrictor muscles of
the pharynx (hyopharyngeus, thyropharyngeus, cricophhryngeus,
palatopharyngeus, and pterygopharyngeus muscles).

3. Cricothyroid branch - supplies the sternohyoideus,
sternothyroideus, thyrohyoideus, and cricothyroideus muscles.

4. Caudal laryngeal branch - passes through the crico-
thyroid membrane to the mucosa on the caudal portion of the )
larynx and anastomoses with the laryngeal artery (a branch of
the external carotid artery).

5. Glandular or thyroid branches - supply the thyroid
lobe and their number is variable.. Smithcors (1964) states
there aré two sets of glandular branches in the dog, viz. a
dorsal and a vent#al group of vessels. The dorsal group are
those which enter the dorsal border of the lobe and ramify on
its medial surface. The ventral group are those which enter
the ventral border of the gland and ramify on its lateral
surface.

Nickel and Schwarz (1963) believe the cranial thyroid

artery extends from the cranial end of the thyroid gland and

1
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in the case of carnivores, pig, and ox, divides into two
branches. One branch enters the medial or lateral asPéct of
the glénd’and the other branch enters the ventral aspect of

the gland. They state that Loeffler (1955) describes two
branches of the cranial thyroid artery, calling them the dorsal
and ventral branches. The dorsal -branch, Nickel and Schwarz4
state, is comparable to the medial branch in other domestic
animals and the ventral branch is comparable to the lateral.
branch.

Smithcors (1964) describes one branch uéually arising from
the dorsal groub of glandular branches as being larger than the
others. It extends caudally from the cranial pole of the
thyroid lobe and, coursing past the dorsal border of the gland,
-fOllOWS the recurrent laryngeal nerve descending in the neck
and aﬁastomoses with the caudal thyroid artery, when the caudal
thyroid artery is present. In its ceﬁrse, it supplies branchés
to the esophaéus and trachea. Nonidez (1931) calls this vessel
the "tracheo-oesophagic branch" of the superior {(cranial)
thyroid artery in the dog. Bugge (1967) describes a similar
branch in the rabbit and calls it the descending branch of the
superior (cranial) thyroid artery.

Intrinsic arterial pattern Table 1 gives the compara-

tive nomenclature in use by various investigators for the
intrinsic vasculature of the thyroid gland. In addition to
the name of the investigator(s) and the year of his publication

(all except the present investigator), the speciéé with which




Table 1.

thyroid gland via the cranial thyroid artery

Comparative nomenclature used for intrinsic vasculature of the canine

Major, 1909

Wangensteen Stewart Johnson Faller Ichev Present
(dog, cat, 1929 1932 1954 1964 (1965) investigator
human) (human) (human) (human, (human) thuman, 1976
dog) dog) (dog)
Cranial Cranial Cranial Cranial Cranial Cranial Cranial
1l thyroid a. thyroid a. thyroid a. thyroid a thyroid a. thyroid a. thyroid a.
First First Glandular Main aa. Thyroid First Glandular
2 order aa. order aa. (main) aa. order aa. branches
thyroid aa.
Second Second Paren- Inter- Paren- Second Lobar
3 order aa. order aa. chymal aa. lobar aa. chymal aa. order aa. branches
Third Lobular Intra- Inter- Lobar aa: Third Lobular
4 order aa. aa. lobular lobular order aa. branches
: aa. aa.
Fourth Intra- Lobular Lobular Fourth Inter-
5 order aa. lobular aa. aa. order aa. follicular
Follicular arterioles ' branches
Follicular) 22° Vesicular Follicular Main Follicular
6 aa. ' arteries arteries follicular branches
vessel
Capil- Capil- Periachinar Vesicular Capil- Capil- Follicular
. 7 laries laries capil- capil- laries laries: capil-
laries laries a. inter- laries
follicular
b. leading

c. secondary

Py
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he worked is also given. A general -description of the
intrinsic arterial pattern can be given by comparing each
horizontal row in the table, for all investigators agree on
the lobular structure of the thyroid gland as described by
Major (1909) and they only give different names to the same
vessel. The terminology used by Major (1909) will be used as
a reference point in the description.

The cranial (superior in humans) thyroid artery (row 1)
is the majof'blood supply to the thyroid gland. It gives rise
to a variéble number of first order arteries (row 2} which
course to the thyroid gland. Although it is reported that the
intrinsic arterial patterns of the human and canine thyroid
glands are“identical (Major, 1909; Ichev, 1967c, 1968a), a
minor morphologic difference exists about the initial distribu-
tion of these vessels. In humans, these first order arteries
course on the surface of the thyroid gland (Major, 1909; Ichev,
1965) , whereas in dogs, they péhetrate into the interior of the
gland (Major, 1909}.

These first order arteries give rise to many second order
artéries {(row 3). According tolMajor (1909) and Ichev (1965),
these arteries are distributed over the surface of the human
thyroid gland; Stewart (1932) states.that once these secbnd
order arteries reach their area of distribution, they penetrate
into £he interior of_the gland. 1In the canine,:these arteries

course in the connective tissue trabeculae to supply the
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functional lobes (Major, 1909; Johnson, 1955; Ichev, 1965) .
Johnson (1953) adds that the functional lobe may receive more
than one second order artery.

| Upon .reaching the functional lobe, the second order
arteries give rise to many third order arteries (row 4) which
invade the functional lobe by following the trabeculae to the
lobulee.' Major deeoribes that each lobule has from two to five
third order arteries supplying it. However, Johnson (1953,
1955) believes, as a rule, there is‘one artery per lobule,
although occasionally he finds two arteries supplying one
lobule. Arosenius and Nylander k1962) conteod that "each
lobule is supplied by an artery and its individual follicles by
capil;aries-originating.in that artery." Ichev (1965) strongly
disagrees with.Johnson'snassertion for he not-only confirms
Major's observations, bgt he also points out that rf Johnson
ié.qorrect,_then‘in thyroid gland resections, where some'blood
~ vessels are ligated,.death of lobulee should occur. Ichev
believes, the fact that this does not occur lends support to
the observatlons that the 1obules have several’ sources of blood
supply.

Third order arteries penetrate the lobules and d1v1de into
fourth order arterles (row 5) Whlch course between the 1nd1—
vidual follicles (Stewart, 1932). The fourth order arteries
release follicular arteries (row.6) which upon reaching the
follicles, terminate into capii;aries (row 7) surroundipg'the

follicles.
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Major states the intrinsic arterial pattern of the thyfoid
glands of cats differs from that of humans and dogs because
fourth order arteries are not as constant and no follicular
arteries are present. Wangensteen (1929) equates fourth order
arteries with follicular arteries directly and these end in
capillary networks completely surrounding the follicles.
Stewart (1932) asserts that fourth order arteries end in a
clublike process from which four to six capillaries arise to
envelope the follicle. He also seemingly implies that the
human thyroid gland does not possess follicular arterieé.

Major (1909) believes the capillaries lie in the connec-
tive tissue that surrounds the follicular cells. and states that
"compared with the size of the individual cells, the capil-
laries are very gross structures." Williamson and Pearse
(1923) describe the capillary bed as being a ladder-like plexus.
Stewart (1932) insists they look like the partially flexed
fingers of the hand. Johnson (1955) assertslthey form a
plexus on the surface of the follicle, while Trautmanﬁ and
Fiebiger (1957) state they form nets which surround the folli—
cles in a baskgt-like fashion. Mastin (1923) argues that the
capillary network lies immediately beneath the epithelium and
Thomas (1945) cites Rienhoff (1931) who believes the ebitheliél
cells of the follicle rest directly on the endothelial walls of
the capillaries. Arosenius and Nylander (1962) observe that

the follicles lay in direct contact with the capillary wall.
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Williams (1944), by microdissection,lcan not detach the capil-
laries from the follicular cells.

An area of debate in the literature is the capillary
arrangement around the follicles. Major (1909) does not
. describe the capillaries in detail but he does state the fol-
licular arteries end in a rich capillary network surrounding
each follicle. He seéms to imply that the capillaéies sur-=
rounding each follicle in human and canine thyroid glands
arise only from the follicular artery; however, he contends
that in cats, the follicles can receive their blood supply from
branches arising from arteries supplying adjacent follicles,
in addition to those arising from "what might be called its
~own follicular artery."

Wangensteen (1929), Stewart (1932), Johnson (1953, 1955),
Arosenius and Nylander (1962) and Faller (1964) ail believe
that the capillary system around each follicle arises from only
one artery (the follicular artery). On the other hand,
Arosenius and Nylander (1962) cite Thomas (1945) who reports
two capillary systems in the thyroid glands of rats. One
system he callé the interfollicular capillary system which is
equivalént to that described above and lies on the follicular
surfacé. The other system he calls the intraepithelial system
which originates in the interfollicuiar system and is embedded
in the ebithelial wall of the follicle. However, Thomas (1945)

further states that the capiilary network of each follicle is
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‘directly related to only one follicle and the capillaries show
no tendency to anastomose with thbse of adjacent follicles.
Johnson (1953) refutes Thomas by saying there is no evidence
for a doubie capillary system in humans.

By far the most staunch supporter of the multiple capil-

lary system is Ichev (1965; 1967b, c; 1968a, b). He (1968a,b)

believes that the folliﬁles in boeth man and dog have their own

capillary network arising from vessels that course to the fol-
licles. These vessels, which ﬁave a wide lumen, he calls the
main follicular vessels. In addition to these main follicular
vessels, the follicles also receive capillaries from neigh-
boring follicles. Ichev (1965; 1968a) also describes three
types of terminal capillary ramifications within the thyroid
gland. In one type of ramification, the main follicular vessel
continues into a wide magistral or leading capillary which
sends thinner capillariés to surround the follicle. These
capillaries are specific to larger follicles. In another type
of ramification, the main follicular vessel terminates at once
into numerous capillaries over the surface of the follicle.
This type he calls secondary ‘capillaries and Ichev says they
are the most numerous type of ramification. Both the leading
or magistral and secondary capilléries are specific to one
folliclg. They do not send branchgs to neighboring follicles
and Ichev groups both types of capillaries under perifollicular

vessels.
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In the last type of ramification, the main fdllicuiar
lvessel divides into several smaller branches which participate
in the cabillary network of a@jacent follicles. These Ichev
calls interfollicular capillaries. Interfollicular capilléries
are similar ta maQistral capillaries by having wide lumens, but
differ in that they supply at least two follicles, whereas the
leading or maéistral capillaries supplf only one follicle.

Baillif (1937), Thomas (1945), Johnson, (1953, 1955}, and
Arosenius and Nylander (1962) hypothesize that the cdapillary |
pattern‘arougd folliqlés is variable and‘that thg:peculiar
eapillary arrangement is related to the activity or functional
state'of ﬁhe foiliéular cells. Arosenius and{Nylande:<(19§2),
by‘subjeéping rat;tthoid glands to propyl thiouracil, observe
some segments of capillaries to dilaﬁe;into sinusoid-like
'.'hlgo@ pools, Whilé othe; segments afe of .normal widtﬁ. This

_giveé the appéaranée of two types of_capillaries._ Thomas

- (1945), subjecting rat thyroid. glands to Thiourea, observes.thé
same results and states, "it is tempting to consider if under
no#mal conditions the intrinsic capillaﬁies are not always in
a state of functional activity, i1f they are as it were, held
in feserve.and bplxuogen up as requ;red.é ‘gqil%if“(1937) notes
that when the thyroid glands of rats are subjected ﬁo'cﬁld, the
intgrfoi;iqula; capi;léiies‘enla:gé,.with a rggﬁltdnt ipcrease"
in blood :low."When the glapdsgare_subjécteduto heat, the

ipterféilicular'capillaries collapse, with a resultant decrease
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in blood flow, Williams (1937a) is able to demonstrate that
new'capillaries can grow around follicles when the need for"
blood-arises.:tWilliams also notes that not all the SurfaCe=ef
a folliClé*is in contact with capillaries and,those capillary-
bare areas are just as active in hormonal prodnction and
] _seeretion as those areas in contact with capillaries. He
‘hypothesizes that thyroid hormone can be secreted into the
jcapillaries directly or into. the interfollicular spaces and
eventually.be pieked up by. other veSsels;

=Endet_he_lial buds .Endothelial buds (Wangensteen, 1929}

Modell;'l?33)! also known_asAintimal eushionsﬂ(Reale-andt
”Luqlanq, l?GG), are.nrdjections of the_intima inte the lumen -
of the”thyroid yessels. Wangensteen.(1929) statés that Horne
(#?92)bistthe first to describe them in fetal.thyreid glands
and_Sehm}dt,(18§4) shows them to be a normal Struetnre in the

: thyroid‘glands of the dog, cat, and human. Ichev (19690) c0n;

- tends the endothellal buds are more frequent 1n the caplllary

vessels of the thyr01d glands, however he states they do oceur
. in the splnal cord Sallvary glands, and mandlbular llp,'but
-tg‘a lesserdextent.u Modell (1933) flnds them most frequently
at:the‘hranching pelnt of smaller arterles and absent 1n the
larger arterlal trunks. Thomas (1945) observes them Ain the ‘
1nterfolllcular caplllarles, espeC1a11y where the 1ntra—'

.eplthellal caplllarles branch from the 1nterfolllcular Capll—ﬂl-

lar%es,'$Wangensteen_(l929)ﬂc1tes Isenschmid (1883)_that.they 7
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.do not occur in veins.

Modell (1933) cites Schmidt (1894) thetAthese projections
have a variety of shapes, viz. (1) spherical, (2) hemi-spheri-
cal, and '(3) bedunculabed. Ichev (1969c) also observes these
'enddthelial~evaginatiOns,.which narrow the lumen of the vessels,
to be of three shapes: —

1. sfinger—shaped-resembling true pseudopodia:

2. Curved finger—shaped—reseﬁbling hooks

3. Completely closed with an apparently empty space

included in the evagination.

Horne (1892) and Hesselberg (1910) consider the endo-
thelial buds to be prollferatlons of the endothelial cells and
state tbey are separated from the muscular 1ayer‘of the vessel
. wall by the elastica interna. Wangensteen (1929) believes they_
consist of. only 1nt1ma, while Reale and Luciano (1966) observe
them to ConSlSt of smooth muscle cells and elastic fibers.
-Modell (1933) asserts endothelial buds conslst of a bundle of
cells 1nterna; to the c1rcu1ar_muscle layer. These bundles'
abpear on both sides of the junction of the branch and the
cells of the bud appear as cushions that seem to be extensions
of»the,eirculer @usc}e cells from the branch into. the wall of.
the trunk.l This gives the appeerance of a lip-like valve. The
- buds are. covered by the endotbelial cell layer.

The function of these endothellal buds lS not known for

certalnty, however, Modell (1933), Reale and Luciano (1966),
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and Ichev (1969c) hypothesize they regulate blood flow and
pressure through the capillary bed of the follicles by acting

like a sphincter.

Venous drainage

Intrinsic venous pattern The intrinsic venous pattern

is not extensively discussed in the literature. Major (1909)
describes that a vein arises from the capillary network on the
opposite side where the follicular artery approaéhes the fol-
licle, and the vein follows the course of the arteries closely.
Mastin (1923) and Trautman and Fiebiger (1957) are of the same
opinion and Mastin agrees with Major that each artery is
accompanied by two veins which anastomose at various places
across the artery by way of bar-like veins. Mastin (1923) adds
that the veins empty into larger veins which pass out of the
gland and anastomose freely on the glandular surface. Johnson
(1955) describes that a small vein forms from the capillary
plexus which joins other (follicular) veins to form the lobular
vein outside the lobule. The lobular vein follows the same
pathway as that of the larger arteries to the surface of thé
gland.

Extrinsic venous drainage Fowler and Hanson (1929},

Wangensteen (1929), and Stewart (1932) all are of the opinion
that three veins drain the human tﬁyroid gland, viz.:
1. Superior thyroid vein - drains the superior portion of

each lobe and, by following the superior thyroid artery,
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-empties either into_Ehe‘lingual or internal jugular vein.

2. ﬁiddlg thyroid vein -Idrains the lateral portion of
each lobe and also terminates. in the internal jugularxr vein.
Bachhuber (1943) adds that before the middle thyroid vein
epte;s-the‘distal seghent of ﬁhe internal jugular vein, it
receives seﬁeral veins from the larynx and trachea. Bachhuber
also states that occasionally a superior and an inferior
ésséssoriqthyfoid vein replaces the middle thyroid-veih. These
veins also terminate'in.the internal jugular vein.

3. -inferior thyroid veins - drain the inferior portions
of each lobe by two to four branches'which.may join together
and enter the brachiqcephalic vein as one trunk or separately
és single trunks. Wangensteen (1929) believes the inferidr‘
thyrpid;vei@slegter'the internal jugular vein more frequently
thathhéy)enter the brachibéephalic Vein. Fowler and Hanson
(i§é9) stapé the inferior thyroid veins follow the recurrent
laryngeal nerve to;ybgir terminations; Wangensteen (1929)‘
obsgrves:a tﬁyroid ima vein accompaning the thyroid ima artery,
whén one is“presenﬁ.. _ )

‘.Wangensteeﬁ_j}929) does ngt-observe ya;ves‘;n the_ﬁhyroid'
‘ ye;ns of ﬁuﬂans;‘hpwéve;, Stewart (i932).finds£hat all three
veins have_?alyeé at their terminqtions.' Mddeil (1935) étatés
‘-the la;geriveins of'tpe caﬁine thyroi@'gland possesses numerous

. valvyes.
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Two veins drain the canine thyroid gland, viz. the cranial
and caudal thyroid veins (Smithcors, 1964). The cranial
thyroid vein follows the cranial thyroid artery and enters the
internal jugular vein at the cranial pole of the gland.
Smithcors believes the caudal thyroid vein is the principal
venous drainage of the gland. It is not the satellite of the
caudal thyroid artexy and it also enters thé internal jugular
vein at the caudal pole of the gland. Smithcors further states
that occasionally a vein drains the middle portion of the left
lobe and enters the brachiocephalic vein. He cails this wvein

tﬁe thyroid ima.

Vascular anastomoses

Extrinsic anastomoses The superior and inferior

thyroid arteries of man anastomose quite freely with each other,
both on the same side and with collateral vessels on the oﬁ—
posite side of the neck, and with other arteries in the region
of the neck. The literature describes the following anast&-
moses: |

l. On the same side:

a. The superior and inferior laryngeal branches of
the superior and inferior thyroid arteries,
respectively, anastomose on the posterior side of
the human and rabbit thyroid glands (Pettenkoffer,
1914; Caylor and Schlotthauer, 1927; Wangensteen,

1929; Reilly, 1954).
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b. The posterior glandular branches of the supefior
and inferior thyroid arteries anastomose beneath
the posterior border of the gland (Mastin, 1923;
Wangensteen, 1929; Mauro, 1950; Reilly, 1954).
Mastin (1923) considers this is the most important
anastomosis and finds it most consistently
occurring along the posterior border of the gland
in the groove between theAesoéhagus and trachea.
Reilly (1954) states that Curtis (1930) observes anastomoses
existing between the pharyngeal branches of the superior thyroid
artery and the ascending pharyngeal artery, and also between
the infrahyoid branch of the superior thyroid artery and the
suprahyoid branch of the lingual artery in humans. Curtis also
finds anastomosis between the tracheal and esophageal branches
of the inferior thyroid arteries and the tracheal bfanches of
the bronchial arteries. Reilly (1954) states this last
anastomosis becomes the major blood supply to the thyroid gland
when the main thyroid arteries of the rabbit gland are ligated.
2. On opposite sides:
a; The collateral superior thyroid arteries anasto-
mose across the isthmus of the human thyroid gland
(Mastin, 1923; Wilson, 1927; Wangensteen, 1929;
Ichev, 1967a, 1970). Wangensteen (1929) observes
an anastomosis between the superior thyroid

artery of one side with the inferior thyroid
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artery of the opposite side across the isthmus of
the gland.

b. Mastin (1923) reports no direct anastomosis
between the two inferior thyroid arteries. Major
(1909) finds a few anastomoses in the dog but oniy
between braﬁches of the same side and not between
branches of the superior (cranial) and inferior
(caudal) thyroid arteries of opposite sides.
However, Major (1909) cites Landstrém (1907)
describing anastomoses between the superior and
inferior arteries on the same side and also with
those of the opposite side in man.

These extrinsic anastomosis function as collaterals to
insure a sufficient blood supply to the thyroid gland in cases
of occlusion of the main thyroid vessels (Mastin, 1923;
Wangensteen, 1929; Reilly, 1954; Ichev, 1967a). Wangensteen
(1929) cites Pettenkoffer (1914), and Enderlen and Hotz (1918)
who report injection of the thyroid vessels by way of the
ascending aérta after ligation of the two superior and two
inferior thyroid arteries at their points of origin in man.
Ichev (1967a, 1970) states these anastomoses are not functional
in the normal gland and that "there exists a £erritoria1 dis-
tribution of the blood in the gland." The blood supply to each
lobe remains with that lobe. Only when there is a drop in

blood pressure, Ichev continues, on one side, due to blockage
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of the main vessel, do these anastomoses open up and blood
passes from one side to the other side. "Thus, the blood flow
in the anastomosis depends on the pressure from either side of

the. anastomoses" (Ichev, 1967a).

Intrinsic anastomoses The literature reports three
‘typeés of aﬁaetomoeeé within the thyroid gland, viz.
l)\arteriel—arterial, 2) venous-venous, and 3) arterial-venous.

1. Arterial-arterial: Major (1909} and Marine (1928) do
Inct_find definite arterial anastomoses within the human and
canine chy;did gland. Marine is.of the opinion #hey do not
occur, however Majcr.states that they may occur even Fhouéh'he
does not find them. Modell (1933)"__ states that Landstrém (1907) .
' believes they exist bcﬁ could not find them and Shigyo (1923)
reports . them cnifcxmly_;hroughout the gland. Mocell:(1933’
obgervee acastcmoses.between third order arteries in the canine
thyrciéﬁgland._;Wiliiams (19§?aj finds arterial agestomoseehin
the thyroid gland of rabbits.‘ Johnson, (1955)- insists a;teriei-
arterial anastomosee.exist at the 1qbclar‘level, while |
Wengensteen (1929) argues that ahastomoses occur in the capsule
and at the folllcular caplllary level but few, if any, occur
between the larger branches within the normal gland.; He_doesja
flnd_a few arterial apastomoses of the third order arteries in
caees,cfngoiter.

' _23j"VeccﬁeTvencue;k}Major\(i?Oé).states_that ththWo veips

'Which accomgany eachﬁertery within the'thyroig gland frecgeﬁtly*
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anastomose with each other.by way of bar-like veins coursing
over the artery. Johnson (1955) observes many venous-—-venous
anastomoses both on the surface and within the gland.

3. Arterial-venous: Johnson (1955) states that Modell
(1933) gives good evidence that arterial-venous anastomoses
' océur in the canine thyroid gland. Modell reports that capil-
laries, arising from the follicular arteries, pass directly |
into veins. He also finds arterial—venoﬁs anastomoses arising
between third order arteries and veins in the dog. Modell
cites Grant and Bland (193]1) who demonstrate that arterial-
venous anastomoses in the skin of the human hand dilate on
mechanical irritation and application of histamine and acetyl-
choline, and cold. They constrict upon stimulation of the
sympathetics and application of epinephrin. Although Modell
(1933) provides good evidence for such anastomoses in the
.canine thyroid gland, no one since has been able to reproduce
his findings. Johnson (1953, 1955) and Ichev (1970) have only
indirect.evidence of the existence of this type of anastomosis.
Both investigators observe the filling of arteries and wveins
with injection masses without the capillary system being filled.
Williams (1937a, b) does not observe any arterial-venous
anastomosis in the thyroid glands of rabbits.

Modell (1933) and Smithcors (1964) hypothesize arterial-
venous anastomoses control the amount of blood flowing through

the capillary bed by shunting blood directly to the veins.
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Modell gelieves these shunts act to coﬁtroi the amount of hor-
E mohe ebsorbed by . the bleod. He.contends thatzin~time of need,
these shunts close and all the blood travels to the follicles
with a reeﬁltant increase in_hotmonal absorption. In times of
less neea} the‘shunts are open and blqod does not reach some. of
thé follicles} Qith the resUltaﬁthdecrease in hormonal absorp- |
tien. ﬁodell (1933) ‘also states that, in generai,-the arteriel-
venous shunts do not all open and close at the same time. .A few
caplllary beds remain filled with blood. Only when -there is a

_demand for the hormone do all the capillary beds within the
gland fl;;‘WLth blood. JWilliams (1937a) however, doés not. agree
with this because he qbeerves the thyroid vessels do not col-

lapse when the blood flow through the giand is diminished.

Lymphatic drainage

The lymphatic ‘drainage of the thyroid glaﬁd'iS'inclﬁdedh
nét“eniffbecéuee:it is a-part of the angioarchitecture of the'™
thyr01d gland but ‘alsé bécause’ thyrox1n has been ‘found ‘in thefw
lymphatlcs dralnlng the thyr01d gland in dogs (Blondl, 1892-
Carlson aﬁd:Woelfel, 1910; Carlson et al., 1925; Hicks;,lszs).
Williamson and Pearse’ (1930) believe the "lymph'is as signifi-
cant to thyroid Ffundtion as the pottal blood is to liver
fuhction." . _

Williams (1937a) states that Biondi (1892) finds coiioidQ;
llke materlal 1n the thyr01d lymph vessels, however s1nce

"Willjams', glands,‘lmplanted in the, rabblt s ear, were w1thout
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lymphatics and functioned normally, he believes the lymphatics
are-not necessary, but if the lymphatics were present fhey
would remove some secretion. Zechel (1931b) believes there is
a normal turnover of follicles within the thyroid gland and
that the colleoid liberated by the destruction of follicles is
picked up by the lymphatics.

Intrinsic lymph drainage The intrinsic lymphatic

system of the canine thyroid gland begins as perifollicular'
capillary nets which surround‘the individual follicular cells
of the follicle (Major, 1909; Williamson and Pearse, 1930;
Gordon, 1931; Ramsay - and Bennett, 1943; Trautmann’and Fiebiger,
1957; Smithcors, 1964). Williamson and.Pearse (1930) and
Gordon (1931) believe the follicular epithelium is in direct
contact with the lymphatic capillaries. Ramsay and Bennett
(1943) state that the epithelium has more contact with lymphatic
capillaries than-withsblood capillaries. Smithcors (1964),
however, argues that the follicles are not in direct contact
‘Withplymphatic capillaries.

The capillaries are all continuous and drain into one
vessel which constitutes the lymph sinusoid (Williamson ana
Pearse, 1930). Williamson and Pearse (1230) also believe that
each sinusoid, also cOntaining a blood capillary plexus,
represents a gland unit. Several of these gland units draiﬁ
into &4 central vessel'which drains the lobule and thus is

called the lobular lymphatic vessel.
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Several lobular vessels join to form the lobar vessel,
which drains the functional lobe. The lobar lymph vessel
follow ‘the blood vessels to the surface of the gland to form‘
an extra-glandular plexus lying internal to the thyroid gland
capsule but external to the blood vessels (Major, 1909;
Smithcors, 1964). Gordon (1931) observes lymph vessels
situated on both sides of the blood vessels.

Froﬁ the extraglandular plexus, large lymphatic vessels
arise which emerge from the gland (Major, 1909; Smithcors,
1964). Williamson and Pearse (13930) describe two lymphatic
systems. One drains the capsule and the other drains the
follicles. Gordon (1931) finds no evidence for this double
system. He beliéﬁes there is only one system, that which
drains the follicles.

Extrinsic lymph drainage - Ramsay and Bennett (1943),

studying the lymphatics of the feline thyroid gland, state
that the lymphatics draining the gland fall into two groups.
One group, the superior (cranial) group, drains the cranial
pole of each lobe and ends in the deep cervical lymph nodes.
The other group, the inferior (caudal) group drains the caudal
pole éf each lobe and ends in the deep cervical lymph nodes.
They also observe a large lymph vessel connecting-each lobe
coursing over the area where the isthmus originally existed.
In the canine, Caylor et al. (1927), Schlotthauer (1927),

and Chouke et al. (1932) state the lymphatics draining the
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gland are in three groups. In the first group, lymph vessels
drain the cranial pole and end in the mandibular lymph nodes,
which drain into the tracheal lymph trunk. Lymph vessels |
draining the caudal pole enter the deep cervical lymph nodes,
and into the thymus. In the second group, the drainage from
the cranial pole is the séme as that in the first group however,
the drainage from the caudal pole empty directly into the |
tracheal lymph trunk. These vessels do not pass through lyﬁph
nodes. No lymph araining to thé thymus giand was oObserved.

In the third group, the cranial draihage is the same as the
others, but the caudal vessels empty directly into the internal
' jugular vein. Again, there were no lymphatics to the thymus in
this group.

-Mahorner (1927) describes three groups of‘lympbatics
draining the human thyroid gland. A superior group drains the
superior po%e, following the superior thyroid artery, and
enters the deep cervical lymph nodes. A middle group runs
laterally from the gland and enters ?he deep cervical lymph
nodes. An inferior group drains the-inferior pole and isthmﬁé,
and ends in the deep cervical lymph nodes.

Williamson anq Pearse (1930) describe a “Thfrothymic
Lymph System" which is a separate system conneéting the thyroid
gland with the thymus in humans. They state tﬁat this system
'is a closed system. Tﬁey observe it to arise in fhe thyroid

gland and end blindly in the thymus. Because of this finding,
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Williamson and Pearse believe "the thyroid and thymus glands
are thus not two organs, but different parts of the same organ.
However, Mahorner (1927), Chouke et al. (1932), and Smithcors:
(1964) state that no such system exists in humans or dogs.
Angioarchitecture of the Canine
Parathyroid.Gland
Arteries

Major supply One separate branch, which arises from

either the glandular, muscular, or esoPhageal branches of the
inferior'thyroid artery supplies-the human parathyreid gland
(Halsted and=Evans;'1907: Fowler and Hanson, 1929; Cnrtis,
1930; Hunt et al., 1968). Halsted and Evans (1907) observe
this branch to enter a ‘distinct hilus in the gland and‘rhe§=
state that this,arter& is large in comparison to the size of
the'paratnyroid éland. They also strdngly-believe that the
vascular supply'of_the parathyroid élands'is independent of
the ;ascular supply of the_thyreid Qland.' They observe that
the capsule of the tthoidigland splits to enclose:the para-
thyrqid gland and small thyroid gland capillaries than'appear
to penetrate the parathyroid gland, only supply the capsule.
These caplllarles never enter the parathyr01d gland

Smithcors (1964) states that the external parathyroid
gland of the dog receives its blood supply by a separate
branch from the cranial thyroid artery and occasionally small

twigs from the thyroid gland also supply the parathyroid gland.
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He also states that the internal parathyroid gland is supplied
by small vessels from the thyroid gland.

Intrinsic arterial pattern Halsted and Evans (1907)

contend that the parathyroid artery courses to the center of
the gland and gives off branches which ramify at the periphery
of the gland. They give rise to capillaries. Halsted and
Evans state that this circulation is different than that in the
thyroid gland. |

Flint (1904) finds the majority of large vascular trunks
in the center of the gland and Bensley (1947) states that cne
or more pairs of arterioles and venules run in the connective
tissue which separates the cell cords of the parathyroid gland.
The cell cords are surrounded by a rich capillary plexus which
cannot be distingﬁished from thé septa when the plexus is

collapsed.

Venous drainage

The venous drainage is in common with that of the thyroid

gland {(Smithcors, 1964).

Vascular anastomoses

-There is no mention about their occurrence in the

literature.

Lymphatic drainage

The lymphatic drainage is in common with that of the

thyroid gland (Smithcors, 1964).
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' MATERIALS AND METHODS

This'investigation wao conducted in six stages:

l. Gross dissection of the cervical region wos performed
on fifty, oommercially embalmed dogs,l used by the freshmen
‘class of the professional veterinary curéiculum in the Départ-
oent of Veterinary Anatomy, Pharmachologf, ana Physiology,
College of Veterinar& Medicine, Iowa State University of
SC1ence and Technology, Ames, Iowa. The purpose was to observe
the gross morphology of the thyroid gland in reference to the
- followings: -

(ai numbeé,of throid lobes

(b) location of lobes (in relation to tracheal

;ringS) ”
(c) _relaoionship of lobes to other_structures
(d) size and shape of lobes
‘(o)' preoogce of isthmus (glandular/nonglandular)

(£) nunber and origins of thyroid arteries and veins

(9) number and loCation of parathyroid glands, etc.
The sex of the aogg,-whenever possible, was recorded. No
attempt was made go ascertain the exact breed, age; body

weight, nutrition, diet, estrous cycle, condition orlhistory of

lObtalned from the Wlndsor Blologlcal Gardens, P.0. Box
1210, Bloomlngton, Indlana 47401.
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pregnancies; etc. of these dogs since they were obtained from‘
a biological supply compaﬁy, as mentioned previously. All dogs,
however, were of the mesaticephalic breed.

A vernier caliperl was used to measure the length, width,
and thickness of each tﬁyroid lobe. Length was measured
between cranial and caudal poles of each lobe; width and thick-
ness were taken from the middle of the lobes.

Live animals were prepared according to the following
procedures for the next four stages (second through fifth
stages):

(a) Dogs were anesthetized by cephalic vein injection of
a sodium pentobarbital solution (1 cc/5 1lbs body weight).

(b) Both common carotid arteries were isolated in the
caudal one-third of the neck.

(c) A;cannula, connected to a perfusion bottle, was
inserted, directed cranially, into each common carotid artery
and was held in place by suture.l “

(d) Another cannula (used for exsanguination) was
inserted, directed caudally, into each common carotid artery
and was held in place bf suture.

(e)’ Both common carotid arteries were isolated and

clamped, with hemostats, cranial to the origins of the cranial

B I . ‘s

. 9bta1ned.from.5c1ent1flc and Laboratory Division of
Ppy5101an§ and Hospitals Supply Company, 1400 Harmon Place,
Minneapolis, Minnesota; Catalog number 11-1045.
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thyroid arteries, but caudal to their bifurcationﬁ’into
iﬁfernal and external carotids;

(£) Aé exsanguination begun; the perfusion bottle, now
fillea with physiological saline (0.09% NacCl Solutiqn)j“was
raised to a leVel of about four feet above the animal“ana
approximately 2bo\m1 of the above soclution was peffused through”™
tﬁe glana, flushing out“blood as much as possible.

(g) ?he animals were killed by injection of Toxital
(l ml/5 1bs body weiéhi).direétly into the heart. A 20.cc
VSyripge and 18 G, 1.5 inch needle were used for the injeétion.

(h) After deaéh, whateYer material to be injected into
the giand'was'adcomplished 5y digital pressure on a 50 cc
syringe through the craniallf—inserted,cannula in each common
cargtid;éiterfi(as described previously in c). | |

. .This.method provided the best)mgans,pf;%njecfing magqfialg
rgpidiy and'tﬁorouqhiy“iptc the.thfroid gland vascuiature;'for
materia}srgqulq‘godnowherg, excépﬁ_throuéh the branches of -the-
Crapial t@yroid.artefg., -

2. COmérige&'the microscopic examination of stained
sérial sectioqs of thyrqid,gléndé taken‘froﬁ ten dggs. 'The
purpose was, to observe the hispd;ogic spructqre1ofhthg'§1and
depigting_the“intrinsic relatidnéhip between blood gapillaries
toﬂthy;oid fgllicles. o
: The>agimé1§ werg prepared as stated p:eviously.. Aftgr .-

death, approximatély 400uml of‘10%'buﬁferedl)ﬂeutral_fo;malipw
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-.(BNF) was perfused through the glands (approximately 200 ml/
lobe). The glands were removed and piaced in BNF fixative for
24 hours. They were then embedded in paraffin, sérial sectioned
(two lobes at 10 m, and eight lohes at 6um), stained, and |
mounted. Every fifth section was studied microscopically.

The staining method employed was an adapted version of
Crossmon's modification of Mallory's triple stain as follows:
PREPARATION:

1

a. Mordant

Part A. Potassium dichromate 4.5 gm

] Distilled water 150 ml
Part B. Concentrated HCl 5.0 ml
95% ethanol 50 ml

Mix 3 parts A with 1 part B; use within 4 hours.

b. Acid fuchsin - orange G

Acid fuchsin 0.67 gm
Orange G 0.27 gm
Thymol (crystals) , 0.13 gm
Acetic acid (glacial) 2.00 ml
Distilled water 200 ml

Cc. Aniline blue

Aniline blue : 4.0 gﬁ
Acetic acid (glacial) 4,0 ml
Distilled water ' 200 ml

d. Phosphomolybdic acid, 1% agqueous solution, or 1%
phosphotungstic acid.

e. Acetic acid, 1% agqueous solution

f. Harris' hematoxylin

1Adapted by Dr. M. J. Brown and K. XK. Booth for quick '
processing of thyroid gland slides.
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STAINING:

l.
2.

3.
4.

10-'
©11.

12,
13.

14.

15.
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leatlve' 10% BNF

Mordantlng in pota551um dichromate is not requlred
if Zenker's or Helly's fixatives are used.

Bring sections to water.

Mordant in potassium dichromate mixture for 5-7-

minutes.
Rinse in distilled water.
Stain in Harris' hematoxylln.

-Qverstain, since this is dlfferentlated in subsequent

steps.
Blue in tap water.

"Rinse in ‘distilled water.

Stain in acid fuchsin - orange G about 1 minute, or

‘until hematoxylin is properly differentiated.

Rinse brlefly in distilled water.
Mordant in 1% phosphomolybdic acid until collagen is

“decolorized but smooth muscle retains the sta1n.

Staln'by inspection - examine an arteriole.

Change the solution When the rate of decolorlzatlon
becomes too slow.

Rinse briefly in’ dlstllled water.

Stain“in anilineé blue solution ‘for about 5 mlnutes.

Inspection is not possible at this stage.

Rinse brleflx in dlStllled water.
Rinse briefly in 1% agqueous acetic acid.
Rinse briefly in distilled water. '

.leferentlate the aniline blue during dehydratlon,

Start -with 70 o6r 85% ethanol. Dehydrate rapldly
after the" de31red degree of dlfferentlatlon 1s

o achieved.

16.

RESULTS:

Clear an@ mount.

Cdllégen R © 'plie

Smooth muscle ‘magenta
- Nuclei’ o blue to red
Rbc' s ] ‘ -~ . Yyellow to red

In addltlon to" the above stalnlng ‘method, several sections

"were 51lver 1mpregnated uslng Gomorl s Methodl to ‘reveal

L | P
Tas described by Humason, 1967, p. 190.
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parafollicular cells within the thyroid gland as well as
reticular fibers surrounding the follicles.

3. Included the ﬁicroscopic examination of serial sec—
tions of thyroid glands taken from ten dogs whose intrinsic
vessels were filled with an India ink-gelatin injection mass.
The purpose was to reveal the branching pattern of relatively
larger blood vessels inside the gland and the relationship of
capillaries to thyroid follicles internally.

The animals were prepared-as described previously and
after death, 50 ml of a 10% gela?in solution (to which 10 ml of
India ink was added), was injected into each lobe. A 50 cc
syringe, connected to the cranially-inserted common carotid
arterial cannula {(as described in c), was used for injection.
The glands were removed and placed in 10% BNF for 24 hours.
This_method fixed the tissue as well as hardened the gelatin
within the vessels. The glands were embedded in paraffin,
serially-sectioned at 20 j, lightly stained with Harris' hema-
toxylin {(just enough to produce a contrast between blood
vessels and follicles, but not dark enough to obscure the India
ink filled vessels), mounted, and every section was studied
microscopically.

4. Consisted of microscobic examination of six intact,
transparent thyroid glands whose vascular system was injected
with a 10% India ink-BNF solution. .This method allowed ob-

{ .
servation of the direct relationship between the follicles and



72

théir éapilléry pattern. |

l; "The animals were prepared as stated preV1ously, perfused
w1th approx1mately 400 ml (about 200 ml/lobe) of a 10% India -
1nk-BNF‘solutlon, removed, placed in 10% BNF flxatlve for 24
. hours, and'made_transparent,in_thé following mannerl:

(a) glands were transferred to each of the following
'ethyl”alcohOI solutions for 24 hour perioés each: | . |
| 1. . 508

2. 70%
3. 2 changes of 90%
4. 2 changes'of absolute ‘ _

(bi fin;ilg, théy'were transﬁerrgd to methyl salicylate
Wherg; aftg;‘24_hou;s; they achiéveé their transparent nature
aéq were geptﬁﬁog gicrqécqpic examination.

é..'inqluQedigxam@natiqﬁ of plastic casts of the thy:oia-
: %agqulatg;e taken from 10 thyroid lobes. This procedure gave
a‘threé'di@ensional picture of the intrinsic blood supply of
‘ the‘thyroid'gland not readily obtainable from serial sectibns.

Thé animals que_prepargd as described previously, and
after deatq{ 50 m;)gf:Batson'é:#l7 Anatomical Corrosion Com=
pdund%_was;iﬁjegtedjin?o;each'iopg by mqéns of a §0_qc;$yringe

K

lTaken from Nanda, 1970.'

2Obtalned from Polyscmences, Inc.} Paul Valley Industrlal
Park, Warrington, Pénnsylvania 18976 '
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connected to the cranially-inserted common carotid arterial
cannula (as described in c¢). The compound was allowed to
harden (about 2 hours), after which the lobes, with their
accompanying blood vessels, were removed and placed in con-
centrated potassium hydroxide (340 g KOH/1000 ml distilled
water), for maceration. The thyroid lobes were kept in the
KOH solution at 50°C for 24 hours. After every two hburs,
during the 24 hour period, the plastic casts were removed frém
the KOH solution, rinsed in distilled water and returned to
the KOH solution. This enhanced the maceration process. At
the end of the 24 hour period, the plastic casts were removed,
rinsed in distilled water, and allowed to dry. Afterwards,
the plastic casts Qere studied by means of a dissecting micro-
scope. A microdissecting needle and forceps were used to
tease the vessels apart for study.

6. Finally, every fifth serial section from six thyroid
glands, whose lymphatic systems had been injected with India
ink was attempted. The purpose was to observe the relation-
ship of the—thyroid lymphatics to the blood vessels and folli-
cles inside the thyroid gland;

After-the animalgs were anesthetized as mentioned pre-
viously, the thyroid lobes were isolated and 3.0 ml of India
ink was injected beneath the ill-defined capsule of each lobe.
A 3.0 cc syringe and 26 G, 3/4 inch needle were used for

injection. Twenty minutes after injectioh, the animals were
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killed, as described previously. The glands were removed and
: placéd:in 10% BNF for 24 hours. -The glands were then embedded ,
in.paféffin, serially sectioned ét 10 ;, mounted, and the

;ymphatic system was'microscopically'studied.
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RESULTS

Gross Anatomy of the Canine
Thyroid Gland
Location

The thyroid gland consisted of two lobes, one each
situated on the right and left ventrolateral aspects of the
trachea. The lobes extended between the caudal border of the
cricoid cartilage of the larynx and the sixth to eighth tracheal
ring. The cranial pole of three lobes (two right and one left,
Table II) wére found close to the middle of the cricoid
cartilage.

Medially, each lobe iay in contact with the deep cervical
fascia surrounding the trachea (lamina pretrachealis); lateral-
ly, with the carotid sheath; and ventrally, each lobe was
partly coveréd by the ventral border.of the stérnocephaiicus
muscle, the dorsal border of the sternochyoideus muscle, and
deep to these two muscles the lobes lay in contact with
the sternothyroideus muscle. The sternothyroideus muscle was
transected across its belly and reflected cranially to expose
each lobe. Dorsally, the relationship of each lobe somewhat
varied between sides. The dorsal aspects of both lobes were
covered by the deep cervical fascia, but on the right, the
deep cervical fascia undercovered the longus capitis muscle.
The dorsal surface of the left lobe was covered by -the

esophagus (Figure 1).



Ta;)le 2.

Size and location of thyroid lobes

Male specimens

22.5

4reft lobe cranial to rightwlobe.

‘b

Caddal bbraer of cricoid éartilage-

cLobe_disp_lé_ced by student dissection.k

dMiddle of cricoid cartilagé;

Right 10b¢m ' ) S Left lobe
g 0 g~ n o
gy o z e o o S8
48 b~  f-. B~ ®EZE . B~ S~ £~ wBE
28 §E SE =<ZE o8A&% 8 E oE SE S&T
-UJ_C: 7I—'|"’ _3“". H~ HE |-1]"" =z~ ,.g‘-’ F‘]E
12 18,9 9.7 4.8 1-4  20.7 10.5 5.4 cBCCP-4
2. 19.4 7.8 4.1 2-4 20.5 7.6 3.8 2-5
3 22.8 8.1 2.7 1-6  25.9 8.8 2.7 1-7
8 18.9 10.0 4.5 —C . 21.6 6.6 4.9 CBCC-4
10 26.3 11.1 6.3 Mccd-5  30.0 10.9 6.3  CBCC-7
12 21.0 6.9 3.1 CBCc-4 23.9 8.1 3.3 CBCC-6
162 21.2 4.3 4.3 1-6 17.3 9.1 3.0 Mcc-1 .
18 22.3 6.9 . 2.6 1-5 26.0 7.5 ° 2.5 1-6
20 20.6 7.3 3.2 2-6 21.2 ° 5.7 * 3.7 3-7
212 20.2 4.0 3.0 4-7  20.1 6.7 2.4 3-6
23 21.9 6.6 4.5 CBCC-4 23.9 10.0 2.5 CBCC-4
262 18.2 8.4 3.7  .2-5 '20.7 8.3 3.7 1=5
28  23.4 7.1 4.3 CBec=5. 21.7 10.5 3.4 CBCC-6
31 19.7 9.2 - 3.5 1-5  24.6 8.4 3.0 2-7
33 272 7.2 2.5  1-8  26.2 7.0 3.2 1-8
382 21.6 7.7 3.6 3-7 . 22.9 . 6.5 3.2 2-8.
397 28.0 7.1 5.2  1-6 ~ 26.4 8.5 4.4 2-7
45  19.3 6.6 4.5 CBCC*4 19.8 7.4 4.3 1-6
46  15.2 8.5 3.0 CBCC-5 14.1 10.1 2.6 1-6
472 19.3 8.4 4.1 3-7  20.5 8.4 4.0 1-5
48? 11,5 4.7 - 1-6 22.2  13.0 5.8 CBCC-5
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Female specimens

Right - lobe ' . Left lobe

Specimen

0 g 0 o
5 g 98~ g g 29~
5 2E EE gpfd 8B 2B BE sid
4 6.9 3.4 2-6 16.8 6.2 2.9 3-7
5 7.4 2.9 3-5 16.9 6.0 3.3 —_
78 9.0 4.2 1-6 28.2 9.0 4.6 CBCC-6
9 9.9 3,5 CBCC-5 20.7 7.0 3.0 —_—
132 9.8 4.8 2-6 26.2 11.2 4.9 CBCC-5
14 8.4 3.5 3-8 28.2 7.9 4.2 3-8
15 5.8 4.6 1-7 21.8 6.7 3.5 —_—
17 10.5 3.0 1-4-  21.4 8.2 3.2 2-6
22 10.0 3.3 CBCC-4  22.7 8.1 4.1 CBCC-5
24% 7.3 4.2 3-5 21.4 7.4 4.6 CBCC-5
25 6.9 3.6 mMcc-5  22.3 7.1 3.0 CBCC-4
27 6.4 4.0 —  20.5 7.8 3.9 2-7
29 6.7 3.7 2-6 23.2 7.0 2.7 3-8
302 8.7 3.1 2-5 18.7 7.1 3.4 1-6
32 6.4 3.4 CBCC-5 19.0 6.3 3.3 2-6
34° 8.7 3.9 3-6  22.2 10.0 5.2 2-6
35 7.3 4.7 CBCC-4 22.4 9.1 3.1 1-5
36% 6.0 2.4 3-6 29.8 7.7 3.0 2-7
37 9.0 4.0 1-5 = 22.2 7.0 4.3 CBCC-4
- 40% 6.0 3.9 3-7  .20.4 6.9 3.2 1-7
4l 7.1 2.6 1-6 21.7 7.5 2.9 1-8
42 5.1 4.1 cCcBCC-4 17.8 6.9 3.0 CBCC-4
442 7.0 3.9 1-7 24.4 7.8 2.7 CBCC-6
49 8.3 3.9 2-5 23.6 7.9 4.0+ —
502 7.9 3.6 1-5 25.5 8.5 3,7 CBCC-6
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A comparison of the position of the left lobe to that of

- the right (within the same animal) showed the left lobe lay
either cranial, at the same level, or caudal to the corre-
sponding right lobe. The left lobe was found cranial to the
right lobe in 17 out of 40 cases (42.50%), at the same level

in 11 out of 40 cases (27.50%), and caudal in 12 out of 40
cases (30.00%), respectively. In the remaining 10 cases,’

6 lobes were displaced and 4 lobes {(numbers 6, 11, 19, 43) were
completely dissected away by the freshman veterinary students

and no comparison could be made.

Shape and size

The shape of the lobes, within the same animal, was
symmetrical; eiongated oval with narrowing extremities. A feéew
lobes were almost circular in shape and several others were
pyramidal in shape.

Within each specimen, the length of each lobe was variable
(Table II). A t-test (Table III} with the hypothesis that the
difference between right and left lobes, in eacﬁ specimen, was.
zero was calculated for the length, width, and thickness of
the lobes. The t-test showed that there was a significant:
difference qf the right to that of the left lobe of -1.50 mm
in ;ength. This meant that the left lobe, in both sexes, was
longer than the right lobe by 1.50 mm. No side difference in-
the other dimensions was demonstratable here. Also there was

‘no evidence that the side differences’ were dependent on sex.




Table 3. Statistical analysis of data from Table 2
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Males (21) Females (25)

Variable Right Left Right Left
Means

Length 21.32 22.39 20.45 22.32

width 7.83 ~ 8.55 7.70 7.69

Thickness 3.91 3.72 3.69 3.58

Standard deviations

Length 3.07 3.50 3.53 3.38

Width 1.86 1.78 1.47 1.19

Thickness 0.96- 1.12 0.61 0.72
Range

Length 15.2-28.0 14.1-30.0 15.3-27.8 16.8-29.8

Width 4.0-11.5 5.7-13.0 5.1-10.5 6.0-11.2.

Thickness 2.5- 6.3 2.4- 6.3 2,4~ 4.8 2.7- 5.2

Difference between sides (right-left) averaged over sex
Difference Standard error

difference

Length ~1.50%m 0.28

Width -0.32 mm _ 0.24

Thickness +0.14 mm 0.11

aProbability of a difference this large when the true

difference between sides is zero is less than 0.001.
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Thyroid isthmus

An isthmus was found connecting the wventral asnects of the
caudal poles of each thyroid lobe in 20 out of 50 spec1mens. -
A glandular lsthmus (Figures 2 & 3) was found in 6 out of these

Mg Spec1mans (1 in a male, 5 in females). _?he other 14 were
represented by fibrous bands (7 - males, 7 - females).
Gross Anatomy of the Canine
Parathyroid Glands

There were one palr (one extennal and one 1nterna1) of
parathyr01d glands - associated with each thyroid lobe. The
white to cfeam coldr of ‘the parathyroid glands made them easily
distinguishable from the dark-cblofed Ehyroid lobes. |
: The external parathyr01d gland was a large, round nodule
found along ‘the lateral surface of the thyr01d lobes.' In the g
majorlty of cases, the'external parathyr01d gland was=found‘ _
resting on the létéfaléurfaoa of the cranial pole of the
;hyroid lobesh Howeué;, lt waa nét uncommonly found ongtne
.1ateral‘surface of the middle portion of the.lobés..,lyewas
less freguantlygfound on the lateral surface of the caudal polejﬁ
iﬁ all oaaaa,(howayar; itvwas:found!axternal_to_?ha th;o%d{ A
capsule.. | | | |

In 12 cases, the external parathyr01d gland was not found
on tbe'thyEOld lobeajat‘all. Its most f;equant posntlon'off
' Ehealpbes_Wasinitha faao;a}ofanial_to tnaubranlal pole, as.

well as in the fascia caudalyto_the caudal,pole,‘and;medial to
= R ¢ 0L ERS Jeas 2y and 1
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the lobes on the trachea.

The rigﬁt and left external parathyroid glands were not
always symmetrical in position. Of the 20 external para-
thyroid glands observed about the cranial pole on the right
lobe, only 11 parathyroid glands were noticed about the cranial
pole of the corresponding left lobe. Of the 15 parathyroid
glands found on the middle portion of the thyroid lobes, only
7 were symmetrical in position, and of those found on the
caudal poles of the thyroid lobes, none were symmetrical.

Occasionally, several smaller parathyroid nodules were
found (in addition to the large external parathyroid gland)
scattered along the lateral surface of the thyroid lobes from
the‘miédle of the lobes to the caudal pole. These smaller
nodules were considered accessory parathyroid tissue. One
interésting variation was multiple (usually 2) external para-
thyroid nodules of equal size instead of one large gland
(Figure 4).

The internal parathyroid-gland was always found along the
medial surface of the thyrgid lohes from the cranial to the
caudal pole. Seemingly, it was relatively smaller than the
external parathyroid gland, but was always found lying inside

the thyroid capsule.
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Histology of the Canine
Thyroid Gland

Capsule and trabeculae

The céniﬁe thyroid gland was enveloped by the deep
éer§idal fascia, which was intimately related to the_thyroid;
4 parehchyma and thus péfticipated in the formation of its
cabsule. The ._capsule gave rise to trabeculae (septa) which
divided the thyroid lobes into the following functional units:

1. Functional lobes (firgt-division of the anatomical
lobes). The trabeculae were relatively thick and easily ob-
served at this Ievel. Each functional lobe consisteé of a
‘variablelnumbe;-of;

2. Lobules (second division of the anatomical lobes).

At thisllevel the trabeculae.became thinner and were not easily .

~ observed. Each 1obule consisted of a variable number of:

3. Follicles f(basic unité of the thyroid glapd);‘ They
were_gqrrognded by .reticular fibers; the terminations_qf the
trabeculae and the reticular fibers were only‘observed in
silver impregnated seétigns (Figure 5).

The arteries, veins and lymphatics accompanied the

trabeculae to the interior oflthe gland and, in many instances,

the tunica adventitia of the vessels appeared to be the only

connective tissue component within the gland.

.




83

Thyroid follicles

The follicles were round to oval shaped and varied in size.
The variable sized follicles were uniformly dispersed’through-
out the lobes, except at the periphery where the larger fol-
licles prevailed. They were composed of a single layer of
cells with variable heights. In small follicles the cells were
columnar and in large follicles squamous. The rounded,
euchromatin nuclei were situated at the base of the cells.

The lumina of the follicles contained colloid which was
frequently vacuolated and demonstrated a variety of staining
reactions. Most follicles displayed a homogeneous acidophilic
colloid, however, equally present were follicles with partially

acidophilic and partially basophilic colloid (Figure 6).

Parafollicular cells and other cellular masses

Parafollicular cells were observed either as single cells
(Figure 7) within the basement membrane (reticular fibers) of
the follicles, or as clusters of usually four cells (Figure 8)
surrounded by reticular fibers in the interstitial tissue.
These rounded cellé were larger than follicular cells and con-
tained centrally located, vesicular nuclei. Their cytoplasm
was clear. The cells were sparingly scattered throughout the
lobes. |

In one lobe, a remnant of the ultimobranchial bbdy was
found (Figure 9). The remnant was in the form of a tube, |

measuring 400 mpt in length and somewhat inclosed in a connective
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tissue capsule. Its walls consisted of a stratified,
partially ciliated epithelium. The lumen of this ulti-
‘mobranchial tube contained a clear homogeneous substance with
cellular debris. The homogeneous substance did not give the
typical staining reaction of the follicular colloid as
described-earlier.

From the ultimobranchial tube arose many ducts, which
dilated to form ultimobranchial follicles. The walls of the
ducts consisted of stratified epithelium, however, the ultimo-
branchial follicles were composed of a single layer of squamous
epithelium. The 1um;na of both the ducts and the follicles
contained the same type of material as did the tube.

The ducts were also connected to mixed follicles (Figure
9). The walls of the mixed follicles consisted primarily of a
single layer of squamous cells, except at the ultimobranchial
ducts where the epithelium tended to become stratified sguamous.
The lumina of these mixed follicles contained typical follicular
colléid situated around material.similér to that in the ultimo-
branchial tube.

Histology of the Canine
Parathyroid Glands

The external parathyroid glands (III) were surrounded by
a thin connective tissue capsule formed from the deep cervical
fascia. Although separate, it was continuous with the thyroid

gland capsule.
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Delicate trabeculae‘arosé from the capsule and traveled
.inside the gland with the arteries and veins. It was exceed-
inglf difficult to distinguish the trabeculae from the tunica
adventitia of the accompanying vessels in the interior of the
gland.

The epithelium of the external parathyroid gland possessed

a basophilic cytoplasm and was arranged into columns facing the
sinusoidal-like capillaries. This arrangement was reminiscent
of that within the liver.

.The internal parathyroid glands (Iv) differed from the
external parathyroids only in that they were occasionally
embedded within the thyroid parenchyma and did not possess a
distinct capsule.

Angiocarchitecture of the
~Canine Thyroid Gland

Arteries

Tracheoeggphggeal (caudal ‘thyroid - N.A.V., 1973) artery
A small, biiateral (right and left) trachecesophageal artery
was found in all 50 specimens. Its origin was quite variable
between sides, strétching from fhé costocervical trunk
cranially and the bronchoesoﬁhageai artery caudally. Except
in those cases where the right and left arteries arose from a
common trunk, the origiﬁ of the right tracheoesophageal artery

was always cranial to the corresponding left. Also, in six
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cases,. the left tga;heoesophaggal artery originated from the
bronchoesophageal artery (Figure 1).

The left tracheoesophageal was relatively larger than the
corresponding right artery and despite its variable origin,
the leff tracheoesophageal &rtery always gained the ventral
aspect of the thoracic portion of.the esophagus and bifurcated
into an ascending and a descending branch. The smaller
descending branch was difficult té trace about the level.of
origin of the bronchoesoPhageal artery, however, it coursed
caudally_aiong the ventral aspect of the.esophagus and supplied
small twigs to samQ.  The larger ascending branch coursed
cranially élong the left ventrolateral aspect of the trachea,
in compang-with‘the left recurrent laryngeal nerve, which lay
ventral to tﬁe artery. The ascending branch §upplied‘many_
twiés to the trachea agd cervical portion of the esbph§gus and
it-anastpmosea with the dorsal branch of the left cranial
tﬁy;did artery at appro#imately the level of the cranial
tﬂofaéic aperture (Figure 1). |

-The relatively smaller rigﬁt tracheoesbphageal artery did
not bifurcgte similar to that of the-left_arte;y; From its
lﬁa;iable or%gin;ctbe right traéhqusophageal;a;;ery gained -the
right ventrolateral aspect of tﬁe trachea and éscénded the
neck, accompanying the corfesponding recurrent 1aryngeal'nérve.
It supplied twigs_tq the t;achea and anastomosed_wiph the

dorsal branch of the right cranial thyroid artery at the

i
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‘cranial thoracic aperture.

' Cranial thyroid artery The right and left cranial
}
thyroid arteries originated from the respective common carotid

approximately 1 cm cranial to the cranial pole of each thyroid
lobe. Shortly after its origin, the cranial-thyroid artery
gave rise to the sternocleidomastoid branch (Figure 10), which
supplied the sternomastoideus and sternooccipitalis portions

of the sternocephalicus muscle, the cleidomastoideus portion

of the brachiocephalicus muscle, and the medial retropharyngeal
lymph node. Occasionally, several small twigs ramified in the
mandibular gland.

The continuation of the cranial thyroid artery then b}-
furcated into a dorsal and a ventral branch (Figure 10). In
32 out of 50 specimens, the dorsal branch coursed caudally
along the dorsal border of the lobe and supplied a variable
number of glandular branches to the dorsal and medial aspects;
and the caudal pole of the lobe. In the remaining specimens,
the dorsal branch -did not supply.glandular branches to the
lobe.

The dorsal branch emerged from the caudal pole of the
thyroid lobe, descended along thé ventrolateral aspect of the
trachea, and supplied twigs to the cervical portions of the
trachea and esophagus. The dorsal branch anastomosed with the
tracheoesophageal artery neaf_the cranial thoraciec apérture

(Figure 10). Frequently, near the origin of the dorsal branch,
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ayéharyngeal branch (Figure 10) was given off, which ascended
the ventral aspect of the esophagus on the left side'and the
longus colli muscle on the right. The pharyngeal branch
supplied twigs to the cranial portion of the esophagus and
..larynx, and terminated in the constrlctor muscles of the
phargnx. Occa51onally, the pharyngeal branch arose dlrectly
frOmwthe cranial thyroid artery near the origin of the sterno-
.cleidomastoid branch. -

| The'ventral branch of theﬁcranial thyroid artery coursed
medially towards the larynx, above the cranial pole of the lobe,
and‘supplied;a_variable number (1-3 or 4) of glandurar branches
to the cranial pole. When an external parathyroid gland (ITI1)
was situated at the cranial pole, these glandular branches ran
~ beneath it:and entered the thyroid lobe. Slightlf beyvond the
cranial pole of the lobe, the ventral branch gave off -the
qrioothyroidrbranch (Figure lO)é which ascended the ventro-
laterai aepedt of'the larynx and supplied twigs to‘the sterno-
hyoideue, sternothyroideus, thyrohyoideus, and cricothyroideus
muscles. The caudal laryngeal branch, Wthh passed through
the crlcothyr01d membrane, arose from the crlcothyr01d branch

The oontrnuatron of the ventral_branch:gave rlse to a twig

&hich.anastomosed with a corresponding twig from the opposite
side across the cricotracheai membrane. The ventral branch
then descended along the ventral border of the thyr01d lobe andl

Supplled tw1gs to thls border. Its termlnatron was dependent
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upon the branchiné of the dorsél branch and the presence of a
glandular isthmus. In specimens where the dorsal branch sup-
plied the caudal half of the lobe, the ventral branch termi-
nated in the cranial half of the lobe. 1In the absence of
glanaular branches off the dorsal branch to the lobe, the
ventral branch compensated the blood supply for the caudal

pole of the lobe instead. The ventral branch also supplied the
glandular isthmus, when one was'present, and occasionally
ehtered the caudal pole of the opposite thyroid lobe via this
route (Figure 2).

Intrinsic arterial pattern The glandular branches

pierced the thyroid gland capsule and entered the thyroid
parenchyma. The glandular branches, usually from the ventral
branch, which entered near the cranial pole of the thyroid
lobe, usually traveled within the parenchyma for some distance
before they gave rise to lobar branches. Within the thyroid
lobe, the long glandular branches usually trifurcated into
lobar branches (Table 1), which coursed within the connective
tissue trabeculae between the functional lobes (Figure 12)..
The glandular branches, which entered the dorsal and wventral
borders of the lobe, almost immediately divided into lobar
branches.

| The lobar branéhes ran between functional lobes and
released lobular branches (Table 1) into the functional lobeé,

The number of lobér branches sending lobular branches and the
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' nnmberuof'lobular branches entering each functional lobe were
" dependent upon the size of the functional lobe; with 'larger:
functional lobes being supplied by a greater nunber of lobular
branches‘arisinc from a greater number of lobar branches.

The lobular branches traveled within the COnnective‘
tiseue-between lobules and gave rise to the interfollicular
_branches (Table 1), whlch entered the lobules. The number of
:1nterf0111cular branches was dependent upon the size of the
lobule. Larger lobules received interfollicular branches frcm
Several-different lobular branchee, while smal}er~iobu;es
usua;;y‘received.interfoilicnlarbranches from onlY‘one'lcbular
‘_branch. |

. The interfcllicularibranchee coursed between:follic}eS—of
the"lobnle:@ Oppoeing tolliclee frequently appeared to contact
'dthe.fascular wall of‘the interfolldcular branches (Figure 6).

The‘interfollicular branch usual;y'suppliedlcne, short folli-

. ”;cularrbranch (Table_l,jpage,44) to'eacthollicleA(figure;13).

AFreéuently{fdifferent fdlliclee Within the eame lobule Were h
:supplied by different interfollidular branches, bUt the general
'h,rule of one folllcular branch per. follicle prevalled ‘Then]'
E 1nterf0111cular branches usually termlnated by blfurcatlon
into folllcular branches (Flgure 15) In larger 1obules, the
1nterfolllcular branch occasronally lelded into equal 51zed :

branches, whlch coursed in dlfferent dlrectlons and Supplled

'_folllcular branches to dlfferent folllcles.
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Upon reaching the follicle, the follicular branches
terminated into many follicular capillaries (Table 1, page 44);
which ramified into a capillary bed over the surface of the
larger follicles (Figure 13), whereas the capillaries of small
follicles remained unbranched and consequently there was no.
capillafy bed around them (Figure 14).

In histologic sections, the lobular branches reéembled
typical afterioles; e.g., decreased luminal size, lesser amount
of smooth muscle cells in the tunica media, and the tunica
adventitia appeared to be ‘continuous with thg pefivascular
connective tissue. The interfollicular branches had the
appearance of dilated capillaries (Figure 16); their walls were
composed of a single layer of eﬁdothelial cells. Both follicu-
lar branches and capillaries had the appearance of undilated
capillaries. Also, compared to the size of individual fol-
liculér cells, the follicular capillaries were large structures

(Figure 13).

Venous drainage

£

Intrinsic wvenous pattern The intrinsic veins of the

canine thyroid gland followed the generallpattern as that of
the arteries. From the capillary bed around the large folli-
cles arose the venous bed, which, after converging, formed the
follicular vein. The capillaries around small follicles con-
tinued into veins which formed the follicular vein. The

follicular vein left the follicle'on the side almost directly
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opposite to where thg follicular branch gained the surfﬁce of
the. follicle; adjacent follicular veins joined fo form intef-
foliicular veins, which coursed between follicles and emerged
from the lobule (Figure 17). Adjacent interfollicular veins,
after their‘confluende} forméd lobular veins, wﬁich drained.
the lobules bé following the trabeculae between them. Adjacent
lobular -veins, in turn, formed lobar veins, Which drained the
functional lobes and adjacent lobar veins formed glandular
‘veins which, for the most part, followed the course of the
glandulqr,arterialtbrancheé out of the thyroid lobe.

Extrinsic venous pattern The glandular veins, drain-

‘ing.the cranial half of the,thyréid iobe, joined to form the

, cranial thyroid vein near the cranial pole of the lobe. The
éraﬁialfthyroid vein followed the corresponding artery and
draingd into the iﬁternal jugular at approximately the same
level as fhe.éranial thf;oid artery originated from thé common
carotid. The glandular veins Wﬂich'drained the caudal half of
the thyroid lobe united to form the caudal thyroid vein near

' the caudal pole of the iobe. The caudal thyroid vein usually
diained inFq the internal jugﬁlar approximately 20-30 mm |
caudal to the caudal pole of the lobe. Occasionally, it
entered the infernél jugular vein directly opposite the caudal
pole of the lobe and iﬁ some cases, the caudal thyroid vein’
aescended.the neck with the dorsai branch of_pbe cranial

thyroid a;ﬁery and emptied into the brachiocephaliec vein.
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‘Numerous valves were observed in the veins within the
canine fhyroid lobes, as well as, outside the lobes (Figure 18).
The vaives occurred most frequently at the branching points of

the veins (or where smaller veins joined to form larger veins).

Vagscular anastomoses

Extrinsic anastomoses Only a few extrinsic arterial

anastomoses were observed. The collateral cranial thyroid
arteries anastomosed by a small twig arising from collateral
ventral branches across the cricotracheal membrane. Collateral
ventral branches occasionally anastomosed over the glandular
isthmus, when one was present. Cranial tthoid arteries of
each side anastomosed with tracheoesophageal arteries of the
same side near the cranial thoracic aperture.

Intrinsic anastomoses The arterial-arterial anasto-

moses were observed at the lobar and lobular divisions of the
intrinsic arterial pattern and these anastomoses usually
occurred at -the terminations of theée vessels., Beyond the
lobular level, it was difficult to ascertain the arterial-
arterial anastbmbsis in the plastic casts and no anastomosis
of any kind was obserjed in histologic sections. Occasionally,
a follicular capillary appeared to anastomose with a follicular
capillary of an adjacent follicle. ' )
The venous-venous anastomoses were observed at the same

level as those for the arterial-arterial anastomoses, however,

no anastomosis prior to that level was observed.
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Apparently there were no arterial-venous anastomoseé,
aithbugh several glandé injected with red plastic demonstratéd
red arteries and :éd veins, with an intervening colorless: |
capillary bed. In other specimens, the entire vascular sysfém

was uniformly colored red.

Lgmph drainage

Lymph vessels were satellites to the arteries and veins
as they followed the trabeculae within the thyroid lobe. No.
injection material (India ink) was found in the acéompanying
arteries or veins. .

The lymph capillaries surrounded individual follicular
cells (Figure 19). 'The follicular lymph capillaries were aii
interconnected ahd formed a lymbhatic plexus within the folli-
clé.‘ They appeared to be smaller in diameter and more ciOsely
aggociated'to the follicular epithelium than were the blood
capil;aries. The lymphatic plexus drained into a la;ger
~follicular lymph vessel, which'drained the follicle. The
-follicular lymph vessels converged into the interfollicular
‘lymph vessels, which emerged-f#om the lobule.

.Withinléhe connective tissue trabeculae between lobules,
the intgrfollicglar lymph vessels drained into iobula: lymph
vessels (Figure 20). The lobular‘1yﬁpﬁ-veséels,followed the,
céuyse.oﬁfthe lobular veins aqdiit was not uncommon to find a
vésgulqr_triad, with the lymph véssel poSitiongd between an

" artery and a vein (Figure 21).
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The lobular lymph vessels converged into the lobar lymph
vessels, which drained the lobules and lobar lymph vessels
joined the glandular lymph vessels, draining the functional
lobes. The glandular lymph vessels emerged from the thyroid
lobe in company with the glandular veins.

Angioarchitecture of the Canine
Parathyroid Gland
Arteries

Major supply The external parathyroid gland (III) was

supplied by a single parathyroid artery, which arose from one
of the glandular branches of the cranial thyroid artery. When
the external parathyroid gland was situated at the cranial
pole of the thyroid lobe, its parathyroid artery arose from a.
glandular branch off the ventral branch of the c¢ranial thyroid
artery. When it was located at.the middle or at the caudal
pole of the lobe, its parathyroid artery originated from a
glandular branch off the dorsal branch of the cranial thyroid
artery. When present, the internal parathyroid gland (IV)
received its blood supply from small thyroid vessels within
the thyroid gland.

Intrinsic arterial pattern The parathyroid artery was

large as compared to the size of the parathyroid gland and it
entered the gland through a hilus. The artery coursed towards
the center of the gland and gave rise to collateral branches,

which coursed towards the periphery of the gland. From these
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branches arose sinusoid-like capillaries which were in close
contact with the epithelial cells of the parathyroid gland.

-

" Venous drainage

~ The sinusoid-like capillaries continued into veins which
followed the coﬁrse of the arterial branches out of the gland.
The veiné converged into one large vein which left the external
parathyroid gland at the hilus. When the external parathyroid
gland (III) éxisted as multiple nodules, each nodule was
drained by a vein, which joined to form one parathyroid vein‘
(Figdre‘4); The parathyroid vein drained into one of thé‘

glandular veins of the thyroid lobe.

- Vascular anastomoses

No anastomosis of any kind was obsexrved.

Lymph dréinagé :

The lymph vessels Qf.the external parathy:qid gland (IfI)
were nof_injectgd with India ink when thg injection was made
beneath the capsule of the‘thy;oid giand. In six-thy;§id
lobes injected with India ink, no ipteinal parathyrqid glands

were observed in histologic sections.
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DISCUSSION

Gross Anatomy of the Caniné
Thyroid Gland

Location

The canine thyrbid gland conéisted of two lobes; dne each
situated on the right and left ventrolateral aspects of the
cranial portion of the trachea. The medial surface of each
lobe contacted the deep cervical fascia surrounding the trachea,
the lateral surface faced the carotid sheath, and the wventral
border lay in contact with the sternothyroideus muscle. The
dorsal border of the left lobe was in contact with the esopha-
gus, while that of the right lobe was covered by the longus
capitis muscle. With the exception of three lobés whose
cranial poles were fqund at the middle of the cricoid cartilage,
in the remaining specimens the lobes extended from the caudal
border of the cricoid cartilage to the sixth to eighth tracheal
ring (Table 2). These relationships were concordant with those
reported by Bradley and Grahame (1959), Hoskins et al. (1962),
Smithcors (1964), and Adam et al. (1970). |

Smithcors (1964) stated thét the cranial pole of. the left
lobe was_ﬁsually found one to ﬁhree tracheal rings ¢audal to
that of the corresponding right. 1In this study, 30.00% of the
specimens demonstrated the cranialkpole of the left lobe caudal

to that of the right lobe, while the cranial pole of the left
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-

-lobe in 42.50% of the specimens was cranial to that of the

;o right and the cranial pble of the left lobe was found at ihe

' same level as that of the right in 27.50% of the specimens.
Thus,‘more frequently, the left lobe was located cranial to the

right lobe, contrary to .the description given bj Smithcors.

éhape'énd size-

- The"majbfity oﬁ'lobés'were elongated oval with narrowing
'.extremities; .The shape was symmeﬁricgl on both Qides of the
animal.'- _

The;relatioﬁship between weight of‘the thyroid_glgndito
'56dy wéight"was ﬁbtféonSideréd in this study, mainly because
lthe_faétors'that"infiuenCe this relétionship (e.g., sex, breed,
etc.) were not available since the animals were obtained from
a biélédiéai”supﬁlySCOmpany (refer to materials and methods).
Hdwgver, size in regard to length, widﬁh, and thicknéss was
'measurga,’andrthe left lbbe‘was statistically found to be
siggificgntiy longer than the right lobe by 1.50 mm, in both
';eXes.a The width and thickness were not found to be signifi-
cantly different between sides. ‘Also, there was no evidence
that d;gférégqes in sides were depéqdéntron,sek, con;o:danﬁ_
,Wch,tﬂé_f;ndipgs-og:Hggnsly,et al. (1964), who reported no

sex diﬁferenpe in -the. weight of the-thy;oid glands ‘of beagles.
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Thyroid isthmus

An isthmus (both glandular and nonglandular) was found
connecting the caudal poles of the right and left thyroid lobes
in 20 out of 50 dogs of mesaticephalic breeds (40.00%).
Fourteen of the 20 specimens had a nonglandular isthmus, i.e.,
the isthmus was represented by a white fibrous band and, there-
fore, probably was nonfunctional in the living animal. However,
the remaining six had a glandular isthmus, because they were of
the same color as the bilaterally placed thyroid lobes, and
assumingly were functional in the living animal. These
findings contradicted the observations of Adam et al. (1970),
who stated that the dog lacked a well-developed isthmus, but
were in agreement with Smithcors (1964), who found that in some
dogs there was a small fibrous band, which represented a fetal
vestige of the isthmus. Smithcors also described that a
glandular isthmus was most frequently found in brachycephalic
breeds. Twelve per cent of the specimens in this study
possessed a glandular isthmus.

Of the six specimens with a glandular isthmus, five were
females and only one was a male. This may have had some corre-
lation to the findings of Latimer (1967), that females had
larger thyroid glands than males and that there was a normal
enlargement during estrus and pregnancy with heavier thyroids
occurring in repeatedly pregnant females. He seemed to imply

that pregnant females had large thyroid glands complementing
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the ‘increased need of thyroid hormones required during preg-v
nancy. A functional and glandular isthmus would apparently
insreass thyno;d hormone production as well as relative weight
of the gland. Since status of pregnancy was not available fox
this investigation, the correlatlon that females more fre-
quently possessed a glandular and functional isthmus due to

the needs arising from estrus and pregnancy could only be

implied.
Gross Anatomy of the Canine
Parathyroid Glands
Location

"There was one pair of parathyroid glands associated with
ench‘Ehyroid lobe. .The'éxnernal parathyroid gland (III) was &
large white to cream colored nodule, most frequently found
résting on the lateral surface of the cranial pole of the '
thyroid lobe, iying outside the thyroia'gland capsule. It was
. also Found almost as frequently on the lateral surface of the -
‘omiddie portion of the lobes and less frequently on the caudal
~pole. 1In cases where the éktérnal“parathyroid gland was not
found on the thyroid lobe, it was most frequently located in
. the fascia about tne cranial pole of the thyroid lobe. This -
qontrasted shafply with Hoskins et al. (1962), who reported
the -external parathyroid gland usuaily in fhe,fascia absve-the
'qrnnial pole of the lobe. The right and left exfsrnsi-pa;a-

thyroid glands were not always symmetrical in position, con-
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cordant with the findings of Vicari (1938) and Smithcors (1964).
Fowlerrand Hanson (1929) found only one parathyroid gland
in close contact with the lateral surface of the middle third
of each lobe. -Tﬁis-parathyroid gland probably was an external
parathyroid gland as observed in the same location during
. this study. 'They probably missed the smallerlinternal para-
thyroid gland (IV) along the medial surface of the thyroid
lobe, since it was located beneath the thyroid gland capsule.
Usually, histologic sections revealed its presence, however
this was not always the case. In those cases, the internal
parathyroid glands were prébably removed whén the thyroid gland

capsule was stripped from the lobes for histological processing.

Shape and size

Both the external and internal parathyroid glands were
circular in shape. The external parathyroid gland (III),.in
general, was relatively larger than the corresponding internal

parathyroid gland (IV).

Accessory parathyroid tissue

Accessory parathyroid tissue was not looked for because
it was not within the scope of this investigation; howevér,
very small nodules, écattered along the lateral and medial
surfaces of thg thyroid lobes, were occasionally observed.
These probably represented accessory external and internal

parathyroid tissue, respectively. The multiple external
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parathyroid nodules (Figure 4), qccasionally found, were not
éonsidered accessory parathyroid tissue becaqse they were al-
most of equal size and situated quite close to each other,
contrary to smaller clumps of parathyroid tissue which were
not closely associated with the main parathyroid mass. They
.probably occurred from an equal division of the.main para-
thyroid mass during development.

'Histology of the Canine

Thyroid Gland

|
Capsule and trabeculae

The lobes of the canine thyroid gland were enveloped by
the aéep‘cervical fascia,'ﬁhich formed the capsule. The
capsulé was infimately related to the thyroid.parEnchYma and
it was difficult to remove from sgveral lobes. Alsd; his%o-

logi¢ sections of those lobes stripped of their capsule,’

demonstrated only a few strands of connective tissue surround-

. ing them, whereas lobes with intaqttcapsu;es revealed a thick
connective tissue layef.

Flint (1904), Regant and Pettijean (1905), and Rienhoff
(1529) be}ieved theﬂcanine,thyroid.gland"was not diyvided into

lobes or lobules.  In this gtudy, the thyroid[ldbes demon—"

strated trabeculae.from the thyroid capsule, which divided the

anatomical lobgs into functional lobes and, fufthe:, into
lobules. This confirmed the observations of Major

(1909), Johnson (1955), Trautmann and Fiebiger. (1957),
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Smithcors (1964), and Dellmann {(1971). However, in accord
with the description of Johnson (1955) and Dellmann (1971),
the trabeculae were relatively thin and the boundries of the
lobular structure were difficult to delineate. In most cases,
the only connective tissue within the lobes appeared to be
associated with the tunica adventitia of the blood vessels.
The trabeculae were fairly thick at first (in reference to the
larger glandular branches of the blood vessels) and became
progressively thinner as the blood vessels'divided into lobar,
lobu;ar, and interfollicular branches. The trabeculae ended
as reticular fibers which completely surrounded the follicles.
These reticular fibers appeared to be associated with the
caéillary bed surrounding the follicles.

Usually, due to the plane of section, the capillary beds
of the follicles were not visible, though reticular fibers
were.seen surrounding the follicles. This tended to disagree
with the hypothesis that the connective tissue observed within
the thyroid lobes was that associated with the blood vessels.
However, the lymphatic capillary bed, which appeared fo be more
closely related to the follicular cells and more numerous
(Figure 19) than the arteriql Eapillgry bed (Figure 13), must
not be overlooked. In secéions Qhere the lymph vessels were
not injected, the smaller lyméh vessels were not observed

'(probably because they were collapsed) and only their réticular

fibers were seen. Thus, the reticular fibers of the lymphatic
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and -arterial capillary beds were seen surrounding the follicles.
| The follicular cells fested against the reticular fibers
.surrouhding the follicles and thus the feticular fibers ap-
peared to form. the basement membrané of the follicies, ih
agréement.with‘the description of Dellmann (1971). Each fol-
iicle possessed this reticular basement membrane aqd thus the
follicles were complétely separated from each other. This
disagreed with Gilmore et al. (1940), who stated that the
reticuiar_fiber boundary was not always presentlin'the canine
thyroid gland. They based their findings on sections stained
with hemato%ylin and eosin (H & E). In the present investiga-
tion, those sectiOns'stained &ith Crossmon's modificétiop 6f '
Mallory's.triple showed many follicles which appeared to con;'
tact éac@ 6ther,‘while the_silver impregnated sections_
demonétrated that each follicle was separated from adjacent -
follicles by argyrophilic reticular fibers. Isler et al. .
(1969} glso;studied‘H & E étaingdlséctions, but, in addition,
they studied siiyer impregnated sections. They observed |
follicles, in the thyroid glands of rgts, in direct contagtr
with each other with no'intervéning basement membrane betweep
adjoining ﬁqllicles,—ip an area of approximatgly_l2 follicuiér‘

cells. This difference may be due to species variations.

Thyroid follicles

The follicles were round to oval and variableé in size.

The different sized follicles were uniformly dispersed through-
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‘out the lobes, except toward the periphery, where the larger
'follicles prevailed. This contrasted with the description of
Bloom.and Fawcett (1968) who stated that’in animals, ;he
follicles were of uniform size, but agreed with the reports by
’Reinhold (1949) and Dellmann (1971) that the follicles in the
dog and domestic animals, respectively, varied in size. This
variation in size was most likely due to the state of physio-
logical activity of the follicles.

The follicles were composed of a single layer of cells
with vafiable heights, containing a rounded,-euchromatin
nucleus situated toward the base of the cells. In émall
follicles the cells were columnar and in large follicles
squamous. This variation in cell heights was believed to be
due to the acfivity of hormone production; columnar cells
engaged in hormonal production and squamous cells in an. in-
active or resting phase (Baillif, 1937; Taylor and Weber, 1951;
Sugiyama, 1954; anq Dellmann, 1971). It was not due to some
pathological condition as gelieved by Wilson (1927).

A homogenecus, acidophilic colloid was observed withih
the lumina of most follicles, however, equally present were
follicles with partially acidophilic and partially basophilic
colloid (Reinhold,'1949; Hoskiﬁs et al., 1962). This varia-
tion in the staining reaction was probably produced by the
differential penetration of fixing agent and its chemical

effect on the iodinated colloid as believed by De Robertis
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.(1941). The vacuolated colloid, frequently found, was probably
a fixation artifact, for lobes which were perfused with buf-
fered neutral formalin (BNF) did not demonsfrate‘vaéuolated
colloid, whereas lobes fixed by infiltration of BNF demon-

strated'vacuoles.

Parafdllicular cells and other cellular masses

Parafollicular cells (C-cells) were more fregquently found
as single cells contained Qithin the reticular basement
membrane of the follicles, than as clusters of cells (usually
fouf), surrounded By reticular fibers in the interstitial
tissue. The parafollicular cells were differentiated from
typical follicular cells b& being larger, more rounded, and
containing slightly larger, centrally located, vesicular nuclei.
Their cytoplasm was more clear in appearance than that of the
follicular cells. The parafollicular cells were scattered
throughout the lobes as observed by Roediger (1973) in older
dogs.:

A remnant of an ultimobranchial body, identified by its .
similarity to ultimobranchial bodies normally found in other
anima;é (qats ~ Mason, 1931 and-Haensly, 1975; Sheep - Jordan
et al., 1973; Rats - Calvert, 1975), was found in one lobe.
The.so—called ultimobranchial body was in the form of a tube,
measuripgA400/u in length and surrounded by a conspicuous con-
nective tissue layer, similar to the description of ultimo-

branchial cysts given by Jordan et al. (1973) in the sheep and
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Calvert (1975) in rats. The walls of the ultimobranchial tube
consisted of a stratified, partially ciliated epithelium
(Jubb and Kennedy, 1963 and Tashiro, 1963) and its lumen con-
tained a clear homogeneous‘substance with cellular debris,
which did not give the typical staining reaction of follicular
colloid, i.e., either eosinophilic or partially eosinophilic
and partially basophilic. ‘This was in accord with the
descriptions of Jubb and Kennedy (1963) and Calvért (1975).
Many small ducts arose from the so-called ultimobranchial
tube and the ducts dilated to form ultimobranchial follicles,
as described by Jubb and Kennedy (1963), Jordan et al. (1973),
and Calvert (1975). The walls of the ducts consisted of
stratified epitheliumf whereas the ultimobranchial follicles
were composed of a single layer of squamous epithelium, in-
distinguishable from the follicular epithelium, as was found
to be true by Calvert (1975). The lumina of both the ducts
and the follicles contained the same type of material as did
the ultimobranchial tube, concordant with the findings of
Calvert (1975). Besides forming ultimobranchial follicles,
the ducts were connected to what was designated as mixed fol-
licles (Figure 9)._AThe walls of the mixed follicles consisted
primarily of a single layer of squamous cells, except at the
ultimobranchial ducts where the epithelium tended to become

stratified squamous.



108

. Mixed follicle; were supposed to be composed of folli-
culér and ﬁltimobranchial cells,3h0wever, at the light micro-
scopié leﬁél, these two cell types were indistinéuishéble from
each other (Calvert, 1975); thus, the mixed follicle-could be
miétaken for a typical thyroid follicle, if its connection to
the ultimobranchial tube was not evident.; The oﬁly evidence
for mixed follicles obsérved in this study was that the lumina
of the mixed follicles contained typically stained follicular
colloid, situated sround material similar to that found in the
:ultimobraﬁcpial tube, in agreement with the observétions‘of
Calvert (1975).

Histology of the Canine
Parathyroid Glands

The external parathyroid glands (III) were surrounded by
'a thin connéctive ‘tissué capsule, which, although éeparaté,
jwas cOntinuoué with the thyroid gland capsule. Deliéate |
. trabeculae ‘drose from the capsule and accompéhieafthe'ﬁlood '
vesSeis into the gland. It wés exceedingly difficult to
.distinguiéh,the traﬁeculae from the tunhica adventitia of the"
acéombanyiﬁg vessels, and thus the connective tissue wifhin
the parathyroid gland appeared to be that of the tunica
adventitia of the blood vessels. The epithelium of the
external parat@yroid,gland ppssessed a basophilic cytoplasm
and pucleﬁs{ ané was - arranged intb columns (cords), facing the

- sinsoid-like capillaries, thus being reminiscent of the
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cellular arrangement within the liver.

Histoioéié sections only revealed internal parathyroid
glaﬁds kIV) embedded within the thyroid parenchyma. Those
glands not embedded within the thyroid parenchyma, but beneath
the thyroid gland capsule, were probably removed when the
capsule was stripped from the thyroid gland. Those internal
parathyroid glands observed, differed grossly from the external
parathyroid glands only by not possessing a distinct capsule.

These findings were in agreement with those of Flint
(1904), Taylor and Weber (1951), Trautmann and Fiebiger (1957),
Hoskins et al. {(1962), Smithcors (1964), Adam et al. (1970){
and Dellmann'(197l).

Angioarchitecture of the
Canine Thyroid Gland
Arteries

Tracheoesophageal (Caudal thyroid- N.A.V., 1973) artery

A controversy exists in the literaturelreéarding the occurrence
of a caudal thyroid artery in the canine. The Nomina Anatomica
Veterinaria (1973), similar to the descriptions of previous
investigators, classified the dog as possessing a caudal
thyroid artery, while Zietzschmann (1943) believed that it was
almost always absent in the'dqg. :In the literature, most
authors stated the caudal thyroid artery was variably present
in the dog (Major;'1909; Latarjet and Alamartine, 1910; Rogers,

1929; Wangensteen, 1929; Bradley and Grahame, 1959; Nickel and
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T.Schwéfz,‘1963; Smith;oré, 1964; Ichev, 1969¢, 4d).

This controversy seemed to center around the concept of
homologous (meaning likeness in structure or function bétween
parts of diffe;ent organisms due to evolutionary difﬁérentia—
tion from the same or a corresponding part)l arteries. An
artery, named the caudal thyroid artery, was occasiohaliy found
in the dog that appeared to be partly homologous to the human
inferior thyroid artery, in regard to the following aspects:

1. It had a variable origin e#tending from the costo-
.cervical trunk cranially to fhe brachiocephalic trunk caudally,
éimilar to the inferiof tﬁyroid argery (Ellenberger and Baum,
1891; Bradléy and:Grahame, 1959; Nickel and Schwarz, 1963;
Smitheors, 1964).

2. It supplied twigs to the esophagus andytr#chea,
similar to the inferior thyroid artery (Bradley énd Grahame,
1959;  Smithcors, 1964). | | ‘ 7
‘ ;3ﬁ ;t‘apgeaxed'to approach the canine thyroid g}and from
its caudal aspect and assisted in the blood supply to the glaﬁd
(Bradley and Grahame, 1959). | |

However, comparing the capine caudal thyroid artery:and
the hgmén inferior .thyroid értery,-gs‘desqribed-in the iitera—

turgg it was quite obvious that dissimilarities, too, existed

1 M . . . -
161 Taken from Webster's Seventh New Collegiate Dictionary,

R TR
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between the two.arteries. The dissimilarities were the fol-
lowing:

1. The human inferior thyroid artery was believed to be
almost-always present. Dwight (1894) found it absent in only
six cases out of 437 human specimens (absent in one case on the
right side and in five cases on the left). Those investigators
who described a caudal thyroid artery, stated it was variably
present in the dog (Major, 1909; Latarjet and Alamartine, 1910;
Bradley and Grahame, 1959; Nickel and Schwarz, 1963; Smithcors,
1964; Ichev, 1969c, d)., Loeffler (1955) found that the caudal
thyroid artery was present in 4 out of 11 dogs (in thfee cases
on both sides and in one case only on the right side). It was
believed that if the canine caudal thyroid artery was homoiogous
to the human inferior thyroid artery, its frequency of occur-
rence should have been somewhat comparable with that of the
human inférior thyroid artery.

2. The inferior thyroid artery was considered to be a
major (and in most cases "the" major) contributor to the blood

supply of the human thyroid gland (Berry, 190l1; Eiselsberg,
1901; Major, 1909; Sobotta, 1915; de Quervain, 1916; Mastin,
1923; Fowler and Hanson, 1929; Rogers, 1929; Stewart, 1932;
Johnson, 1953; Ichev, l970);l Adachi (1928) found that occ-
casionally the human inferior thyroid artery was so small that
it did not supply the gland at all, but ended in branches to

the trachea and esophagus. Hunt et al. (1968) stated that when
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hhe-inferior_thyrqid artery was absent, the superio; thyrbid”

' artery became the major blood"supﬁly to the gland. In the dog,'

the cranial thyroid artery was considered to be the major con-

tributor (Major, 1909; Latarjet and Alamartine; i910; Bradley

andﬂGfahame, 1959; Nickel and Schwarz, 19263; Smithcdrs, 1964;

Ichev, 1969c,.d). Bradley and Grahame (1959) described that

the caudal_thyroid artery assisted in the blood supply to the

éaniﬂe thyroid gland, however, they did not specifically state

"it was the major contributor. | - .

3. Berry (1901), Major (190?5, Sobétta (1915), Mastin

(1923), and Rogers (1929) observed that the inferior thyroid_

. artery was usuélly'larger than the superior thyroid artery .in
humans, while Ellenberger and Baum (1891), Bradley and Grahame
(1959), Nickel and Schwarz (1963), and Smithcors (1964) stated
that whgn the cgniné caudal thyroid. artery was present, iF_
usually was the smaller of‘the'two vessels.' Smithcors added
that occasipnally the caudgl thyroid artery was,wéil develoged.
and, in'those cases, the Cranial.thyroid artery was recipro-

‘ cally reducgd. Although no exact figures were prqvided‘with
the above stétements,'it agpeared the literature implied that
of the two arteries in humans and dogs, the inferior thyroid

"artery was . the larger more frequently in humaﬁs, thahjthé
caudal thyroid artefy Qés in the dog. | |
o 4. Thé_ipferior‘thy;oid grﬁéry was reported to course

cranially, Veptfal'to the longus célli muscle, and as it
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approximated the inferior pole of the thyroid gland, it turned
medially and descended, dorsal to the carotid sheath, to enter

the posterior surface of the thyroid gland (Mastin, 1923;

Fowler and Hanson, 1929; Rogers, 1929; Stewart, 1932; Bachhuber,

19433 Goss, 1966). Thus, the human inferior thyroid artery,
for the most part, lay dorsal to the carotid sheath. Bradley
and Grahame (1959) and Smithcors (1964) stated that the canine
caudal thyroid artery accompanied the recurrent laryngeal nerve
on the ventromedial aspect of the trachea, placing the caudal
thyroid artery ventral to the carotid sheath. Therefore, its
course was not similar to the human inferior thyroid artery.

5. According to Goss (1966), the human inferior thyroid
artery gave rise to, a). inferior laryngeal, b). tracheal,
c). esophageal, d). ascending cervical, and e). muscular
branches. Bradley-and Grahame (1959) and Smithcors (1964)
reported that the canine caudal thyroid artery only supplied
branches to the trachea, esoPhagéél, caudal cervical'gaﬁglion,
and nerves in the region of the cranial thoracic aperture.
Smithcors added that the cervical portions of the trachea and
esophagus were supplied only in those dogs where the caudal
thyroid artery was well developed. Thus, even the branching
pattern of the canine caudél thyroid artery was not homologous
in all respects to the human inferior thyroid artery.

6. Finally, the inferior thyroid artery was found to

terminate by supplying direct branches to the human thyroid
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gland (Mastin, 1923; Fowler aﬁd Hanson, 1929; Nonidez, 1931;
Bachhuber, 1943; Goés, 1966). In the literature reviewed, only
Bradley and Grahame (1959) stated the caudal thyroid artery
assisted in the blood supply to the canine thyroid gland. How-
ever,-they did not state if this occurred by direct branches.
Also, both the human inferior thyroid artery and the canine
caﬁdal thyroid artery were found to anastomose with a branch
of the superior and cranial thyroid arteries, respectively, a
possible point of similarity. However, this anastomosis, in
the hﬁman, occurred on the surface of the thyroid gland
denidez, 1931), whereas Smithcors (1964) reported it took
place in the middle third of the neck in dogs. Therefore,
because of the above dissimilarities between the two arteries,
it appeared thei}iterature did not provide sufficient evidencé
to warrant calling this vessel; which was occasiénally found to
accompany the recurrent laryngeai nerve;-a caudal thyroid
artery. |

A similar situation existed for what was termed the
tracheoesophageal artery in this inqestigation._ This artery
was observed to have a few characteristics similar to the.
canine caudal thyroid artery and the human inferior thyroid
artery, as‘pfeviously mentioned, viz:
1. It had a variable origin, stretching‘f:om ﬁhe costo~-

cervical trunk cranially to the braéhiocephalic trunk.caudélly.
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2. f; coursed cranially, in compény with the recurrent
laryngeal rnierve, on the ventrolateral aspect of the trachea and
supplied twigs to the esophagﬁs and trachea, similar to the
canine caudal thyréid artery, when it was well developed
{(Smithcors, 1964).

3. Itjanastomosed with a branch of the cranial thyroid
artery.

4. Seemingly it approached the caudal aspect of the
.canine thyroid gland. .

However, detailed examination of this artery disclosed it
was not similar to either the caudal thyroid artery or the
inferior thyroid artery. The following observations were made:

‘1, This vessel was observed as a bilateral (right and
left) artery in all 50 specimens. This iQO per cent occurrence
was similar to the human inferior thyroid artery, beliéved to
be almost always present, but it was not similar to the caudal
thyroid artery, réported as only being occasionally present in
dogs.

2. Its course on the ventrolateral aspect of the trachea
was similar to that of the canine caudal thyroid artery, but
not similar to that of  the human_inferiof thyroid artery..

3. This artery was obse&ved‘to be much smaller than the
cranial thyroid artery, similar to that described for the
caudal thyroid artery, but not similar to that described for

the inferior thyroid artery.
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4. Both the rlght and left arteries in this 1nvest1gat10n'

" - were observed to termlnate by anastom051ng with the dorsal

branch of ‘the c¢ranial thyr01d artery near the cranial’ thora01c
aperture. 'The site for this anastomosis was ascertained based
upon the generally accepted premlse that arterles branched at
acute angles to the direction of flow (Shellshear, 1920) It
was near the cranial thoracic aperture that the angles of éhe
.caudally directed twigs from the dorsal branch of the cranial
'thyreid artery, and the angles of the cranially directed twigs
of this tracheoesophageal artefy abruptly changed courses
(Figure 1). This anastomosis wae caudal to those described for
the canineweaudal thyroid artery and the human‘infefior thyroid
artery in the literature. |
5. Since this artery terminated by the anastomosis
described in (4) above, phis artery was not observed supplyihg
direct branches fo the thyroid gland. Thus, it was not:
homologous to the human inferior thyroid artery, whose terminal
~Ebranches directly supplied the thyroid gland. It was hyﬁothe—”
sized that under normal physiological conditionsl.this artery
did not supply blood to the canine thyroid gland, because of
. the p;essyre=g#a§ient exis?ing)in the dorsal prangh‘oﬁ_the
cranial.ﬁhyreid artery. Since this artery was not believed to
, supply blood to the thyroid gland, it was consi@efed'not
apppopriate'to’ca}l this artery a_caudai thyrbid-artery. How-

ever, under batholdgical conditions, where there was reduced
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pressure in the. dorsal braﬁch, due to prolonged interruption

of blood flow in either the common carotid or cranial thyroid

" artery, this artery can act as an important collateral blood
supply to the canine thyroid gland. This consideration was
concordant with the findings of Reilly (1954) and Wolpert
(1969). Reilly observed that when the main vessels to the rab-
bit thyroid gland were closed, a collateral supply was achieved
through a vessel formed by the enlargement of the anastomosis
‘between the tracheal branch of the inferior (caudal) thyroid
arfery and the tracheal branch of the kronchial artery on each
side. Wolpert observed that the thyroid ima artery became the
collateral when the blood supply (both superior and inferior -
thyroid artefies) to the human thyroid gland was occluded.

This hypothesis of a possible collateral supply nullified any
similarity between the tracheocesophageal értery in this inves-
tigation and the fact that Adachi (1928) occasicnally found the
inferior thyroid artery sd small that it did not supply blood
to the gland at al%, but ended iﬂ branches to the trachea and
esobhagus.

6. In support of the hypothesis that this artery did not
supply blood to the canine thyroid gland under normal physio-
logical conditions, was the observation that in 18 out of 50
specimens, the dorsal branch of the cranial thyroid artery
supplied no glandular branches to the thyroid gland. The blood

supply in those instances was compensated by .the ventral branch
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oflthe cranial*thyroid_arteryl-'Thus, if blood was'to reach'\
.the éiand from'thiswartery,'it'would‘have to ascendlthe entire :
‘iength-of the neck region, enter the cranial thyroid artery,’
-and be distributed by the glandular branches from the ventral
branch of the cranial thyr01d artery. It was believed that
under normal-thSiological.conditions, the blood possibly did
not:flow in this manner. Fowler‘and hanson {1929) stated that
' the human superior thyroid artery was the only artery in the
neck in which the blood flow was toward the heart. It was
'b?liéVéd~Phét.the ?iood;within the dorsal branch of‘thehcanine
craniai thyroid‘artery aiso flowed‘towards.the heart:

J !H 7. fhe_esophagus in=thencranial mediastinnm of humahs_was
- supplied by twigs from an artery arising from the left sﬁbf
clavianr(Demel '1924) This unnamed artery also anastomosed
Wlth branches of the inferior therid artery above and the“.
bronchoesophageal artery below. Smithcors (1964) described ;:‘

thlS same area 1n the dog .as being supplied by a small descend-

1ng branch from the left caudal. thyroid artery: which anastomosed -

With an ascending branch off the bronchoesophageal artery.l
“Thus, 1n humans, the blood supply of the esophagus in the
cranial mediastinum 1nvolved three arteries,_Viz., the broncho-
esophageal, the;unnamed artery of(Demeig and the inferior _ﬁ
thyroid arterf, Whereas in the dog, this same region involved
only two arteries, Viz., the bronchoesophageal and the caudal

thyr01d artery In this investigation, the esophagus in the
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cranial thoracic region was supplied by only one artery, the
tracheoesophageal. In the majority of cases, as this artery
gained the ventral aspect of the esophagus, it bifurcated into
an ascending and a descending branch. The ascending branch
supplied twigs to the esophagus and trachea, before it anasto-
mosed with the dorsal branch of the cranial thyroid.artery,
near the cranial thoracic aperture. The descending branch
supplied twigs to the esophagus to about the level of the root
of the left lung. In 6 out of 50 cases, this tracheoesophageal
artery originated from the bronchoesophageal artery (Figure 1),
ascended the ventral aspect of the esophagus and supplied twigs
to the trachea and esophagus before it anastomosed with the
dorsal branch of the cranial thyroid artery near the cranial
thoracic aperture. This artery was thé only vessel supplving
the esophagus and trachea in the cranial thoracic region in
this investigation, and it did not anastomose with any artery
which resembled entirely either an inferior thyroid or a caudal
thyroid artery. Since this artery did not resemble or
anastomose with a vessel that resembled a caudal thyroid artery,
it was believed that all 50 dogs in this investigation did not
possess a caudal thyrqid artery. Since this artery appeared

to be primarily concerned with the blood supply to the
esophagus and trachea in the cranial mediastinum, it was con-
sidered appropriate to call this artery the.tracheoesophageal

artery instead of the caudal thyroid, in compliance with the
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usually accepted criteria for naming other blood vessels which
reflect their course and major area of supply.

8. Jarvis and Nell (1963) described a trachecesophageal
‘artery in the dog that was very similar to the left tracheo-
esophageal artery in this investigation. They found this
tracheoesoPhageal artery to arise from the dorsolateral aspect
of the brachiocephalic trunk and to bifurcate into a cephalic
and a caudal branch, similar to the ascending and descending
branches of.the tracheoesophageal artery in this investigation.
They only traced the cephalic branch for a few centimeters, but
found it supplying twigs to the trachea and esophagus. The
caudal branch coursed to the root of the left lung, supplying
twigs to the esophagus in this region, similar to the descend-
ing branch of this investigation. Jarvis and Nell hypothesized
that the tracheoesophageal artery is provided, in the dog, to
bridge the wvascular gap existing between the thyroid and
bronchial blood supplies due to the relatively longer cervical
region in the dog than in humans and the fact that the first
and only significant branch from the common carotid artery in
dogs was the cranial thyroid artery. The observations of this
investigation tended to support their hypothesis. The only
arteries supplying the canine trachea and esophagus in the
cervical and cranial mediastinum were observed to arise from
the dorsal branch of the cranial thyroid artery, which Nonidez

(1931) called the "tracheo-oesophagic branch" of the canine
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cranial thyroid artery, and from the tracheoesophageél‘artery,
réspeétiVely.

I+ was conclﬁded that the mesaticephalic dogs used in this
study, 4did not possess an artery homologcous tc the human
inferior thyroid artery and there was no artery that would
appropriately be called a caudal thyroid arter?. The artery,
in this investigation, which coursed with the recurrent laryn-
geal nérVe, was not considered a caudal thyroid artery because
of the following:

1. It was observed as a bilateral artery in all 50 speci-
mens.

2. It tefminated by anastomosing with the dorsal branch
of the cranial thyroid artery near the”cranial thoracic aper-
ture and tyergfore did not supply direct branches to the
thyroid gland. Also, under normal pﬁysiological conditions,
the' artery was not believed to supply blood to the thyroid
gland; therefore; the artery would not appropriatelj be called
a caudal thyroid artery. However, under pathological condi-
tions where there was prolonged interrup}ion of .blood flow in
eitheruthe common carotid dr éranial thyroid artery, this_ves—'
sel could act as an important collateral blood suppiym

3. This artery appeared to be concerned only with the
5lodd supply to the trachea and.esophagus in the caudal cervi-

cal and cranial ‘thoracic regions.
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_ 4, It was homologéus to the tracheoesophageal artexry
described by Jérvis and Nell (1963), who hypothesized the
tracheoesophageal grgery wés provided to bridge tﬁe vascular
gap éxisting 5etweén the craniél thyroid and bronchial blood
supplieé in the dog.

A more appfoPriate riame for this artery wés considered to
.be the tracheoesophageal arterf-on the basis of accepted
criteria for naming othe; blood Vessels which reflect their
course and major area of supply.

The poésibility existed that breed variation may have been
the reason‘fhat the mesaticephalic dogs in this study did not .
possess an artery that would appropriately be called a caudal
thyioidrartgry. However, until further investigations along
this line are undertaken, there is a strong possibility that
the canine, in general, does not possess a caudal thyroid . |
artery per se. fhis possibility was supported by the results
of_this.investigaﬁion,lcoupled with the facts that, a). a con-
trdve;sy exists in the-literature as to the presencg.of a
caudal thyroid artery in the dog; and b). even in_th@se cases
where a caudgl_thy;oid artery was described, tbe'evidence was
not qonclusive to warrant calling any artery, a caudal tpyrqid.

Cranial thyroid artery The cranial thyroid artery

arose from the common carotid apﬁroximately 1l cm 0ppqsi£e the
cranial pole of the thyroid lobe. Thus, similar to the.

findings of Nickel and Schwarz (1963), the origin of the
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craniai thyroid artery can be displaced, either proximal or
distal, dependent upon the position of the thyroid lobe.

The sternocleidomastoid was the first branch of the
cranial thyroid artery. It arose from the cranial aspect of
the cranial thyroid artery and supplied the sternomastoideus
and sternooccipitalis portions of. the sternocephalicus muscle,
the cleidomastoideus portion of the brachiocephalicus muscle,
the medial retropharyngeal lymph node, and occasiona;ly the
mandibular gland. The continuation of the cranial thyroid
artery then bifurcated into a dorsal and a ventral branch
(Loeffler, 1955), which were comparable to the medial and
lateral branches, respectively, in other animals (Nickel and
Schwarz, 1963).

The dorsal branch coursed caudally, along the dorsal
border of the thyroid lobe, and in 32 out of 50 specimens, it
supplied a variable number of glandular branches to the dorsal
and medial aspects and the caudal pole of the correspénding

-iobe, qomparable to the dorsal group of glandular branches
described by Smithcors (1964). In the remaining speciméns, the
blood supply to the lobe was compensated by the ventral branch
of the cranial thyroid artery. Usually, the dorsal branch gave
rise to a pharyngeal branch, near its origin from the cranial
thyroid artery. The phar?ngeal branch ascended the ventral
aspect of the esophagus on the left side and the longus colli

muscle on the right, and supplied twigs to the cranial portion
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of the esophagus and larynx. It terminated in the constrictor
muscles of the-pharynx. Occasionally the pharyngeal branch,éjp
instead, arose directly from the cranial thyroid artery near
the.origih of the sternocleidomastoid branch.

After emerging from the deep face of the caudal pole of
the thyroxd gland, the dorsal branch descended the cervical
region along the Ventrolateral aspect of the trachea, in
coﬁpany with the recurrent laryngeal nerve. It supplied tw1gs
to the cervical portion of the trachea and esophagus and
anastomosed with the tracheoesophageal: artery (caudal thyroid
artery of the N. A. V., 1973) near the cranial thoracic aper-
ture (Figurell), This dorsal branch was identical to the large
branch, described by Smithcors (1564)}'which usually arose from
the. dorsal group of glandular branches, followed the recurrent
laryngeal nerve caddally and anastomosed wlth what Smithcors
called the caudal thyr01d artery, when present,  in the mlddle
'thlrd of the neck._ Nonidez (193l) called%thls vessel the
"tracheo-oesophagic branch" of the canine‘cranial,thyroid
" artery. In the_rabbit, Bugge (1967) described it as the
descending branchtof the cranial thyroid artery.

The ventral branch of the, cranlal thyroid artery coursed
medlally towards the larynx, cranial to the cranlal pole of the
thyroid lobe, ahd supplied a varlable number (1-3 or 4) of
glandular branches to the cranial pole. These hranches comf
prised.the ventral group .of glandular brahches;described by

- Smithcors (1964). 'Slightly beyond the cranial pole of the
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thyroid lobe, the ventral branch gave rise to the cricothyroid
branch, which ascended the ventrolgteral aspect of the larynx
and supplied twigs to the sternohyoideus, stérnothyroideus;
thyrohyoideus, and cricothyroideus muscles. Smithcofs (1964)
and N.A.V. (19735 listedrthe caudal laryngeal as a branch from
the cranial thyroid artery. In this study, it was observed to
arise from the cricothyroid branch instead. The caudal
laryngeal branch was traced to the point where it entered the
larynx by passing through the cricothyroid membrane.

After giving rise to the cricothyroid branch, the ventral
branch of the cranial thyroid artery supplied a twig, which
anastomosed with a corresponding twig from the opposite side,
across the cricotracheal membrane. The ventral branch then
descended along the ventral border of the thyroid lobe,
supplying twigs (also considered part of the ventral group of
glandular branches) to the ventrolateral aspect of the lobe.
Its termination was dependent upon the branching of the dorsal
branch and the presence of a glandular isthmus. When the
caudal half of the thyroid lobe was supplied by the dorsal
branch, the ventral branch terminated within the cranial half
0f the lobe. In the absence of glandular branches from the
dorsal branch, as mentioned previously; the ventral branch
terminated in the caudal pole of the thyroid lobe compenséting
them. When a glandular isthmus was preéent, the ventral branch

supplied it and occasionally entered the caudal pole of the
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opposite thyroid lobe via the isthmus. Thus the right and left.
thyroid lohes may exchangé blood via this route.

Intrinsic arterial pattern The intrinsic arteries of

the thyroid gland have been called by a variety of names in

the literature. After compiling Table 1 (page 44), based on
thé aescriptions of these arteries given by the various investi-
gators, it was recognized that they all gave different names to
the same vessel, except for Wangeristeen (1929),_who equated the
fdurtﬁ order arteries (Major, 1909) with the follicular arter-
ies and Stewart (1932), who believed no follicular arteries
existed in humans. .

Since the canine thyroid gland was found to be struc-
~turally divided into iobes, lobules, efc,, it was cbﬁsidered
approPrlate to give correspondlng names to the arterial branches
whlch supplled these 1nternal lelSlons, adoptlng the usually
accgptedﬂcrlterla for naming other blood vessels wh}ch ref;gct
their‘course and major area of supply._ Thﬁs, the intpiqsig
' arterlal pattern was observed as follows:

1. The cranial thyr01d artery was the major blood supply
to the canine thyroid gland. Usually, it gave rise to both
dorsal and ventral groups of glandqlar branches (arising from
the dorsal éﬁd ventral branches of the artery,lréspgctively).
E;equently, no dorsal group of glandular branqhes arose from
#he QorSa; branch}'in-which case, the blocd gugply was compen-
sated by the veﬁtral:branéh of the cranial thgroid artery, as

stated previously.
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2. The glandular branches usually penetrated the thyroid
capsule and gave rise to lobar branches within the substance
of the thyroid gland (Major, 1909; Johnson, 1955; Ichev, 1965).
Thus, they were unlike corresponding branches in humans, which
coursed on the surface of the thyroid gland and gave rise to
similar branches which penetrated the capsule of the human
thyroid gland (Major, 1909; Stewart, 1932; Ichev, 1965). Thé
giandular branches, usually from the ventral branch, which
eﬁtered near the cranial pole of the thyroid lobe, usually
traveled within thé parenchyma for some distance before they
gave riée to lobar branches. If an external parathyroid gland
(ITI) was situated near the cranial pole of the specimen,.these
glandular branches usually coursed beneath it before they
enﬁered the gland. Within the thyroid lobe, the long glandular
branches usually trifurcated into lobar branches, which coursed
within the connective ﬁissue trabeculae between the functional
1qbes_(Figure 12). The glandular.branches, which entered the
dorsal and ventral borders of the thyroid lobe, almost im- |
mediately divided into lobar branches.

3. The lobar branches ran between functional lobes and
released lobular branches into the functional lobes. The
number of lobula; branches supplied to each functional lobe
depended upon its size. Thus, the larger functional lobes
receivéd a greatér number of 1qbular branches from a greater.

‘number of lobar branches than did smaller functional lobes.
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This was in agreemeﬁt Qith the findings of Johnson (1953) who
'reportedjthat the functional_lobe may receive more than one f
artery. ‘

. 4. The lobular branches traveled within the interilobular
septa and gave rise to interfollicular branches, which entered
the lobules,' Agein, the'number of branches was dependent upon
the-size offthe lobule. Larger lobules received a greater
number of interfollicular branches from several aifferent
lobular branches, while very small lobules usually received
.interfellicular branches from only ene lobular branch. This
observation appeared to be a eompromise between Johnson (1953,
1955) and Aroseniis and Nylander (l962), who believed that
only one artery supplied each'lobule, and that of ﬁajor (1909}
and Ichev'(l§65)y.who observed many arteries supplying each
lobule.1 Beeides, being a'reasohabie compromise between di;
vergent views of the above authors, thls observation had a
practlcal con31deratlon. The smaller lobules, con51st1ng of .
~only a few follicles, usually-were adequately supplied by one
interfollicular branch,"whereas the larger lobules, consisting
of many more follicles, required a larger number of inter-

" follicular branghes._ Tﬁerefere, it seemed logical that a;'
'larger area would requlre a relatively larger blood supply as’

compared to .a smaller area.

5. The interfollicular branc¢hes coursed between'follicles,'

-ﬁhose_gells:appeared to contaetlrhe'vaSCular wall (Figure 6).
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As the interfollicular branch coursed past a follicle, it
detached one, short follicular branch to each follicle (Figure
13). Frequently, different follicles within the same lobule
were supplied by different interfollicular branches, but the
general rule of one follicular branch per follicle prevaiied.
The interfollicular branches usually terminated by bifurcation
into foilicular branches (Figure 15).

6. Upon reaching the follicle, the follicular branch
ended into many follicular capillaries, which ramified into a
capillary bed over the surface of the larger follicles (Figure
13), whereas the capillaries of smaller follicles remained un-
branched and conseqﬁently there was no capillary bed around
them (Figure 14).

The terminal arterial pattern described in (5) and (6)
above, is an area of controversy in the literature. Wangensteen
f1929), Stewart (1932), Johnson (1953, 1955), Arosenius and
Nylander (1962), and Faller (1964) believed that the capillary
bed, around each follicle, arose from only one artery (the
follicular branch). Thomas (1945), on the other hand, reported
two capillary systems in the rat thyroid gland; an interfol-
licular system, eéuivalent to the follicular capillaries
described in this investigation, and an intraepithelial system,
which originated in the interfollicular system, but was
embedded in the epithelial wall of the follicle. Ichev (1965,

1967b, ¢, 1968a, b) believed the follicles in both man and dog
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'had its own capillary network, but also received capillaries
from neighboring follicles. Thomas (1945) did nof find the
capillary networks of adjacent follicles anastomosing with
each other.

In this investigation, the capillary network of each
follicle was observed to arise from only one follicular vessel,
thus in agreement with Wangensteen (1929), Stewart (1932),
gohnson (1953, 1955), Arosenius and Nylander (1962), and Faller
(1964). 1In the thyroid glands, made transparent with methyl
salicylate in this investigation, occasionally the capillary
beds of two adjacent follicles appeared to anastomose with each
other by way of a single vessel, seemingly supporting the
findings of Ichev (1965, 1967b, c, 1968a, b). However, since
the vascular system was filled with an India ink-formalin
solution, at this level, it was not clearly distinguishable
whether this anastomotic vessel was part of the arterial or
venous system. It could just as well have been two follicular
veins joining to form an interfollicular vein, as it could haﬁe
been an anastomosis betﬁeen two capillary beds. The fact that
only two vessels radiated from each follicle, tended to sup-
port the concept that the anastomotic branch was formed by the
convergence of two adjacent follicular veins and the other two,
coming from the opposite direction, were follicular arteries.
However, this could not be stated with certainty. Ichev used

a similar method (India ink filled wvessels) to observe the
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vascular pattern in the cénine thyroid gland. It could be
possible that what he observed was adjagent veins joining to
form an interfollicular vein. It is also possible that Ichev
was correct because he offers a strong argument that follicles
need an additional system to ensure a blood supply in patho-
logical conditions. However, three different technigues were
employed in this investigation to study the intrinsic vascu-
lature of the canine thyroid gland and all three failed to give
conclusive evidence that follicles received a blood supply from
adjacent follicles.

No intrafollicular system, as descriped by Thomas
(1945), was-observed; however, the lymph capillaries, in this
ipvestigation, were found to surround the follicular .cells
within the follicle, and thus appeared to be similar to the
intrafolliqular system. Perhaps, Tﬁomas observed the lymph
capillaries, instead of the blood capillaries. However, it
was also possible that the observations of Thomas were due to
species variations. |

Ichev (1965, 1968a) described three types of terminal
arterial ramifications, viz.:

1. The main follicular vessel continued into a wide
"magistral or leading capillary, which ramified into thinner
capillaries surrounding the follicles. This type'was specific

to larger follicles.
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2. 'The maih.follicular vessel terminated immediateiy into
numerous gapillaries over the surface of the follicle |
(secondary capillaries of Ichev).

. 3. The main follicular vessel divided into several
smaller branches, which formed the capillary network of
adjacent follicles (interfollicular capillaries of-Ichgv).

In thié investigation, similar terminations appeared té
exist. These were the following:

1. The interfollicular branch coursed between follicles
"and gave rise{tb‘alfollicular branch, which terminated as
either.a capillary bed on the surface of large follicles, or
as an unﬁrénched'éapillary“on small follicles. This was
comparable to the maéistral or leading capillary described by
Ichev. -

v 2.: The interfollicular branch usually terminated into
two fd;licularlbrqnqhés, which éave rise to typical capillary
bgds._ Thiglwas comparable to the secondary capillaries of
Ichev,

3. Occasionally, in large lobules, the interfollicular
branch diviged into several equal .sized branches. These
cqurged in.diﬁferént directions and gave rise to-follicular.
branches, which terminated as cgpillaries.:.Tbis was'comparéplé
to the interfollicular capillary of Ichev. |

Thus, there apéeéfed fo be th;ee different types of
érteriai ramificatioﬁs, however, ip as much as they”all qon—:

tained the samé basic vessels, e.g., interfollicular,
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folliculér, and capillary, they were classified the same.
' Therefore, only one type of terminal arterial ramification was

observed in this study.

Venous drainage

Intrinsic venous pattern The intrinsic venous pattern

was not extensively discussed in the literature. This probably
resulted from the'fact that most investigators believed veins
were satellites of arteries and also because, usually being
collapsed, veins were difficult to distinguish in histologic
sections. Through the use of plastic casts of the vascular
pattern the intrinsic wvenous drainage was well demonstrated

in this study. Even-the venous valves, used to distinguish
arte;ies from veins, were well demonstrated by this technique.

:The intrinsic veins of the canine thyroid gland followed
the general pattern as that of the arteries and thus-were
given corresponding names. The venous system was observed as.
follows:

1; From the follicular capillary bed of large follicles
arose the venous bed, which after converging, formed the fol-
licular vein. The capillaries of small follicles continued
into venous channels which formed the follicular vein, in
accord with the observations of Major (1909), Mastin (1923),
and Trautmann and Fiebiger {1957) .

2.. The follicular vein left the follicle on the side

almost directly opposite to where the follicular branch
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earterial)lgained the su;faCe of the follicle, similar to the
description of Major (1909). o

3. Adjacent follicular veins joined to form interfolli-
cular veins, which usually coursed in company with the cor-
responding arterial branch between follicles. Unlike the
fipdings ofLMéstin (1923), only one vein was observed accom-
panying the corresponding arterial branch.

4. The interfollicular veins emerged from the lobules
and gonverged with adjacent interfollicular veins, forming
lqbular veiﬂs (Johnson, 1955), which drained‘the lobules by
£ol;owing.the trabeculae between them. l

5. Adjacent lobular veins formed lobar veins, draining
the functional lobes.

6. . Lobar veins qqnverged aqd formed glandular veins
which emerged frqm the thyroid gland.

Extrinsic venous drainage , The extrinsic venous drain-

age was not extensively studied, since the ﬁeins were not
injected 1n the spec1mens, though some observations were
grpssly made. The glandular veins, draining the cranlal half
of the thfroid lobe, joined to form the cranial thyr01d've1n,
which entered the internal jugular at approximately thé,saﬁe
lévél as theyqranial thyroid arﬁery originated from the common
carotid. The glandular veins, draining the caudal half.of the
glaﬁd,'joined to form the caudal thyroid vein. The caudal ’

thyroid vein'usually drained into the internal jugular
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approximately 20-30 mm caudal to the caudal pole of the thyroid
lobe. Occasionally it entered the internal jugular vein .
directly opposite the caudal pole of the lobe, and in some
cases, it accompanied the dorsal branch of the cranial thyroid
artery and entered tﬁe brachiocephalic vein, slightly cranial
to the beginning of the cranial vena cava.

In addition to the above two veins observed in this study,
Smithcors (1964) described a thyroid ima vein, which occasion-
ally drained the middle portion of the left lcobe and entered
the brachiocephalic vein. Riumpler (1967) described this vein
as usually qrising from the laryngeal impar vein and draining
the sternohyoideus and canine thyroid gland as it descended
the ventral aspect of the trachea, deep to the sternohyoideus
muscle. No such vein was observed in this study.

Many valves were found in the veins both internal and
external to the gland. Modell (1933) found valves only in the
larger veins of the canine thyroid gland. The wvalves found in
this investigation occurréd most frequently at the branching

points of the veins.

Vascular anastomoses

Extrinsic anastomoses A survey of the literature

revealed that in humans, the superior and inferior thyroiQd
arteries anastomosed freely with each other, both on the same
side and with collateral vessels of the opposite side, and with

pther arteries in the cervical region (Landstrém, 1907;
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fettenkoffer, 1914; Enderlen and Hotz, 1918; Mastin, 1923;
Caylor and Schlotthauer, 1927; Wilson, 1927; Wangensteen, 1929;
Mauro, 1950; Reilly, 1954; Ichev, 1967a, 13970). In the dog,
Major (1909) noticed a few anastomoses which were 1imited only-
to branches of the same side.

In this investigation, two to three extrinsic anastomoses
were observed, however, they were major communications which
were believed to function as important collateral blood sup-
plies should occlusion of the blood flow in the major vessels,
supplying the gland, occur. These anastomoses were the
following:

1. The right aﬁd left cranial thyroid arteries anastomosed
by a small twig arising from their corresponding ventral
branches across the cricotracheal membrane.

2. The right and left ventral branches of the cranial
thyroid afteries anastomosed across the glandular isthmus, when
present.

3. The cranial thyroid arteries of each side anastomosed
with corresponding tracheoesophageal arteries near the cranial
thoracic aperture. Curtis (1930) found a similar anastomosis
between the tracheal and esophageal branches of the inferior
thyroid arteries and the tracheal branches of the bronchial
arteries in humans. Reilly (1954) stated that this anastomosis
became the major supply to the rabbit thyroid gland when the

main thyroid arteries were ligated. It was reported that,
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" blood can reach the canine thyroid gland from as far caudal as
the celiac artery through a series of anastomoses from the
left gastric artery to the bronchoesophageal to the caudal
thyroid'artery (Miller et al., 1964). \

Intrinsic anastomoses Descriptions available in the

literature classified three types.of anastomoses within the
human and canine thyroid gland, viz.:

1. Arterial-arterial: Landstrom (1907) and Major‘(l909)
did not notice this type of anastomosis in either the human or
canine thyroid gland, but these investigators believed they
existed, whereas Marine-(lQZB) was of the opinion that they did
not exist at all. However, Shigyo ﬁ1923) foﬁnd them through-
out the human thyroid gland and Wangensteen (1929) and Modell
(1933) observed anéstomoses between third order (lobular
branches) arteries in the dog.

Arterial-artérial anastomoses were clearly observed at
the lobar and lobular levels in this. investigation and they
were usually seen at the terminations of these arterial
branches. However, there was no conqlusive evidence that they
existed below this level. ‘The function of these anastomoses

was believed to insure a blood supply to the follicles in

pathological cases. Ichev (1967a, 1970) believed .that these
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anastomoses did’hot function in the normal gland because of
equal pressure on.either side of the anastomosis. He contended
that only when the blood pressure on one side of the anastomosis
dropped, due to interrupted blecod flow, these anastomoses be-
ceme functional.

2. Venous;venous; Major (1909) observed that usually
tWo;veins aocompanied each intrinsic thyroid artery and they -
frequehtly anastomosed with each other across the artery in the
dog. Johnson. (1955) described many venous-venous anastomoses
within the canine thyroid gland. In this investigation,
venous-venous anastomoses were observed at the lobular and
iobar levels, similar to arterial—erterial anastomoses. There
was no conclusive_evidence that venous—venous anastomoses
resulted prior to this level. _ |

3. Arterialjvenous:' Modell (1933) reported finding
érterial—venous anastomoses‘ih the canine-thyroidlgland and
believed they regulated the amount of thyroid hormone in'the
blood by controlllng the blood flow through the caplllary beds.
.Modell hypotheSLZed that.in time of need, these anastomoses
are_olosed_and,all.the blood travels to the fol;;qles with a .
resultant increase in hormonal absorption.- Wheh_there is a |
‘lees demand for the hormone; theee arteria;évenous shunts are:
‘opened and blood does not reach some follicles,:with a result-
~ant decreaseqin hormonal absorption. Williams (1937a) did not

agree with this hypothesis of Modell (1933) because Williams
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found that the thyroid vessels did not collapse when the blood
flow-through the gland was decreased. Although, Modell pro-
vided convincing evidence for the existence of arterial-venous
anastomoses, no one since was able to reproduce his findings.
Both Johnson (1953, 1955) and Ichev (1970) provided only in-
direct evidence for their existence. Both investigators
observed the filling of arteries and veins with injection
masses without the capillary system being filled. A similar
situation existed in this investigation. None of the six
procedures used in this study demonstrated conclusively that
arterial-venous anastomoses existed. However, indirect
evidence, similar to that of Johnson and Ichev, was obtained
from the plastic casts of the thyroid vascular system. A red
colored paste was added to the liquid plastic and this mass was
then injected into the vascular systems of 10 thyroid lobes.
Most casts demonstrated uniformly colored vascular systems
(including capillary bed), but three casts revealed red
arﬁeries and veins with an intervening colorless capillary bed.
It was first believed that this was, perhaps, due to the larger
size of the dye particles, which failed to pass through the
capiliary bed, with the liguid plastic. In that case the dye
would color only the arteries and not the capillary bed,

but this failed to explain how the veins obtained their red
color. The procedure was such that the injected material could

only enter the gland through the arteries and exit from the
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glaﬁd by waﬁ of thé veiﬁs (dlosed system). If the vascular
syéteﬁ was such that arterieé éassed into capillarieslwhich,z
in.turn, contihﬁed into veins, with no direct connections |
betweén”arteries and veins, and if the particles were too large
to enter the capiilar? bed, then fhe veins should not have
contained any dﬁe‘partiéles. The. fact that they did, supported
the possibility that artefial—venous anastomoses did gxist,
even though they Qére not actually observed._

Anothér ekplanation about’ their occurrence was considered..
.Blood vessels afemgenerally believgd'to'constriq; for a time
at death. It was pgssible.that‘some dye particles werg‘able
to pass tﬁfdﬁghkthe capillary bed to the veins, but as the
vessels‘constricted, immediateiy after death only -the colorless
liquid plastic was éble to paés throughiand thus flushed
remaininq dye pafticles from the capillary bed.' However, this
"would not only leave the capillary bed cdlorléss, but.aiso
dilute the red color.in the veins. The fact that the veins
retgined the same color.intensity as the arteries did not sup-
' pbrt this possibilityf

Si?ée_there_apgeared to be no explanation, for the obser-
vation that sgve;al_plQStic casts ;evealed_req arteries and.
.Qe?nsdwith an intérvening colorless capillary bed, it was |
.al;uagd that arterial—venous anastomoses, possibly at the lobar
.and lobular levels exlsted 'although there was no dlrect evi-

dence supportlng thlS assumptlon.
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Lymphatic drainage

Intrinsic lymph drainage The lymphatic system of the

canine fhyroid gland in this study began as lymph capillaries
which surrounded the individual follicular cells (Figure 19).
The lymph capillaries were interconnected and formed a lymphatic
plexus around the follicle. In the literature this plexus was
called the perifollicular capillary net (Major, 1909; William-
son and Pearse, 1930; Gordon, 1931; Ramsay and Bennett, 1943;
frautmann and Fiebiger, 1957; Smithcors, 1964). The fact that
no India ink was found in the arteries or wveins which revealed
these capillaries concluded them to be lymphatics. The lym-
phatic plexus appeared to be smaller in diameter and more
closely associated with the follicular epithelium than were
the blood capillaries, similar to the observations of Ramsay
and Bennett (1943). According to Smithcors (1964), the fol-
licles were not in direct contact with lymph capillaries.
Smithcors may be correct, though the lymph capillaries in

this investigation appeared to outline individual follicular
cells, whereas the blood capillaries seemed to run over the
surface of the follicle. This suggested that the lymph
capillaries were more closély associated with the follicuiar
cells than were the blood capillaries. The secreted hormone
would come into contact with the lymphatics before it reached
the blood  capillaries. This could explain why thyroxin was

found in the thyroid lymph vessels. But this did not explain
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thé general belief that the majority of the hormone entered the
blood system instead of the lymphatic system. The findings

of Luciano and Koch (1975) may have provided an answer to this
concept. Their electron microscopic studies revealed that
pores (fenestrations) existed in the blood capillaries and col-
lecﬁing venules of the canine thyroid glénds and these pores
were closed by diaphragms. They believed that large molecules
in the blood could exit through the fenestrations of the
arterial end and large molecules in the tissue fluid could
enter the blood through the fenestrations of the venous end.
Luciano and Koch stated that their morphological findings did
not support the documented facts that thyroid hormone is
secreted into the lymphatics of the thyroid gland. They con-
cluded that although thyroid hormone can reach the lymph,
together with. tissue fluid, the major portion of the thyroid
hormone is disseminated into the blood.

The lymphatlc plexus dralned into a larger lymph Vessel
which Williamson and Pearse (1930) called the lymph 31nu501d
Since the lymph vessels were satellites of the blood vessels,
especially the veins, it was considered éppropriate to name
the lymph vessels to the corresponding blood vascular divisions.
Therefore, the lymph vessel which drained the follicle was
called the follicular lymph vessel. The follicular lymph
vessels converged into the interfollicular lymph vessels,

which emerged from the lobule. Within the connective tissue
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-trabeculae between lobules, the interfollicular lymph vessels
drained into lobular lymph vessels, which followéd the course
of the lobular veins. It was not uncommon to find a vascular
triad, with the lymph vessel positioned between aﬂ artery and
a vein (Figufe 21). Only one lymph vessel was observed with
each vascular triad, whereas Gorden (1931) observed lyméh
vessels situated on both sides of the blood vessels.

The lobular lymph vessels converged into the lobar lymph
vessels, which drainéd the lobules, and lobar lymph vessels
joined the glandular lymph vessels, draining the functional
lobes. The glandular lymph vessels emerged from the thyroid
lobes, accompaning the glandular-veins.

Extrinsic lymph drainage The extrinsic lymph drainage

was not investigated. However, the literature stated that the
canine thyroid gland was drained by cranial and caudal lym-
phatic vessels (Caylor et al., 1927; Schlotthauer, 1927;
Chouke et al., 1932}, The lymphétics, draining the cranial
pole, ended in -the mandibular lymph nodes, which then drained
into the tracheal lymph trunk. The termination of the lymph
vessels draining the caudal pole varied. They were found to
enter the deep cervical lymph nodes, or empty directly into
the tracheal lymph trunk, or empty direcﬁly into the internal
jugular vein (Caylor et al., 1927; Schlotthauer, 1927; Chouke
et al., 1932). | |
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Angiocarchitecture of the Canine
Parathyroid Gland '

Arteries

Major supply The external parathyroid glands (III),
in this sﬁhdy, were supplied by a single parathyroid artery,
which arose from one of the glandular branches of the crénial
thy;oid artery, concordant with those in humans (Halsted and '
Evans, 1907; Fowler and Hanson, 1929; Curtis, 1930; Hunt et al.,
lQGBf. When the external pafathyrbid gland was situated ét
the cranial pole of the thyroid lbbe, the parathyroid artery
arose from the veﬁtral group of glandular branches. When‘it.
was situated elsewhere (middle and caudal pole of thé thyroid
gland) the parathyroid artery arose from the dorsal set;of
glandular branches. "

. Tbe ?arathyroid §rtery was a relatively large vessel,
compared to the sige of the parathyroid gland. It entgrédfﬂ
whaF appegred ﬁotbe a hilus ig_thé gland (Halétgd and Evans,
‘1907). ‘Since only one artery supplied the external_para—‘
thyrpid gland and tﬁis occurred before the glandular branches
entered the thyroid gland, it was gonqludéd that the blood
supply to the'can;ne external pafathy;oid glané (III)iwag
inﬁépenﬁent of the thyroid vascular supply. This was in
agreement with tbe.findings.of Halsted and Evans (1907) .in

humans and tﬁat descr}bed by Smithcors (1964) in the dog.
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When present, the internal parathyroid gland (IV) received
its blood supply from small branches within the thyroid gland.

Intrinsic arterial pattern - The parathyroid artery

- coursed towards the center of the gland and gave rise to col-
lateral branches, which radiated towards the périphery of the
gland. From tﬁeselbranches arose sinusoid-like capillaries
which were in close contact with the epithelial cell cords of
the éland.ﬁ The arrangement of the cell cords around the sinu-

soidal capillaries was reminiscent of that within the liver.

Venous drainage

The sinusoid-like capillaries continued into veins, which
followed the course of the arterial branches emergiﬂg from the
gland. The veins converged into one large vein, which emerged
from the gland at the hilus. When the external parathyroid
gland (FII) existed as multiple nodules, each nodule was
drained separately by a vein, which later converged into a
single paréthyroid vein. The parathyroid vein drained ipto‘

one of the glandular veins of the thyroid lobe.

Vascular anastomoses

No anastomoses Of any of the three kinds, as found in the

thyroid gland, were observed.

Lymph drainage

The lymph vessels of the external parathyroid gland (III)

did not contain India ink, when the injection was made under
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'thg capsule of the thyroid gland. This did not demonstrate
the lymphatics of the gland, it did, however, demonstiate that
‘the lymph drainage of the external parathyroid gland (III) wés

independent of the thyroid-giand.
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SUMMARY AND CONCLUSIONS
Gross Anatomy

The thyroid glands of the mesaticephalic dogs consist of.

right and left lobes, along the ventrolateral aspects of

the cranial portion of the trachea.

The lobes are related to the following:

a. Medially - deep cérvical fascia surrounding the trachea

b. Laterally - the carotid sheath

¢. Ventrally - the sternothyroideus muscle.

d. Dorsally - the esophagus on the left sidé and the
longus capitis muscle on the right.

The position of the lobes vary, extending from the caudal

- border of the cricoid cartilage to the first sixth to

eighth tracheal ring.

The left lobe is located somewhat cranial to the corre-
sponding right. _

The left lobe is relatively longer than the right byli.50
mm and this is independent of sex.

A glandular_isthmus is oécasionally found in mesaticephaiic

breeds, connecting the caudal poles of the thyroid lobes

.ventral to the trachea.

An external (III) and an internal (IV) parathyroid glands
are usually associated with each thyroid lebe. The |

external parathyroid gland is generally larger than the
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corresponding internal one.

The external parathyroid gland (III) is usually found near
the c¢ranial pole of the lateral surface of the thyroid
gland, and it is always outside the thyroid gland capsule.
On the other hand, the internal parathyroid gland (IV) lies

on the medial surface of the thyroid gland, but inside the

. thyvroid gland.capsule. Occasionally, the internal para-

thyroid gland is embedded within the thyroid parenchyma.
Histology

The capsule of the canine thyroid gland is continuous with
the deep cervical fascia, which surrounds the gland.

The thyroid gland is divided by delicate connective tissue
trabeculae into functional lobes, lobules, and folliqles.
The £rabeculae accompany the tunica adventitia of the blood
vessels.

Individual thyroid follicles are separated from each other
by a basement membrane of reticular fibers, which appear

to be éssociated with the blood and lymph capillaries,
surrounding the follicles.

The thyroid follicles are round to oval in shape and vary
in size, which is believed to be due to their physiological
state of acti&ity. The different sized follicles are uni-
formly.disperséd throughout the lobes, except towards the

periphery, where the larger follicles prevail.
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The follicular cells with variable heights, probably due
to their stqte of hormone production, contain a rounded,
euchromatin nucleus situated toward the base of the cells.
The lumina of the follicles usually contain a homogeneous,

acidophilic colloid, however, equally present are follicles

‘with partially acidophilic and partially basophilic colloid.

This is believed due to the differential penetration of
fixatives and their chemical effects on the iodinated

colloid as postulated by De Robertis (1941). Fixation

‘artifacts (vacuoles) are frequently found in the colloid.

Parafollicular cells (C-cells) are frequently found as
single cells within the reticular basement membrane of the
follicles and occasionally, occur as clusters (usually 4),
surrounded by  reticular fibers in the interstitial tissue.
A remnant of an ultimobranchial body is found, giving rise
to both ultimobranchial and mixed follicles, which could
otherwise be mistaken for typical thyroid follicles.

The external parathyroid gland (III) is surrounded by a
thin connective tissue capsule, which, although separate,
is continuous with the thyroid gland capsule,

The connective tissue within the parathyroid glands appears
to be- that of the tunica adventitia of the blood vessels.

The arrangement of the epithelial cell cords around the

‘sinusoid-like capillaries is reminiscent of the cellular

arrangement within the liver.
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The histology of the internal parathyroid gland (III) only

- differs from that of the external parathyroid gland {III)

by not posseésing‘a distinct capsule.
Angioarchitecture

The mesaticephalic dogs did not possess a "true" caudal
thyroid artery, though an értery is present that resembles
some_characteristics of the caudal thyroid artery as
described in the. literature. However, based upon the
usually accepted criteria for naming other blood vesse;s‘
which reflect their course and major area of supply,lit_is.
believed this artery be appropriately called the fracheo-
esophageal.

It is suggested that further investigation of the canine
gauda; thyroid artery be undertaken in the dolicocéphalic
and'brachycephalic breeds because possibility exists that
the canine és_é species may not possess a dqudé;jthzroid,i
artery. |

The cranial thyroid artery is the major blood sﬁpply to

-the canine thyroid gland and it arises from the common .

carotid approximately 1 cm opposite the cranial pole of

‘the thyroid gland. It gives rise to the following:

a. Sternogleidomastoid branch - supplies portions of the

. brachiocephalicus and sternocephalicus muscles.
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Dorsal branch - results from bifurcation of cranial
thyroid artery. It courses caudally, along the dorsal
and medial aspects of the thyroid gland, accompanies the-
recurrent laryngeal nerve, and anastomoses with the
tracheoesophageal artery near the cranial thoracic
aperture., It gives rise to the following:

lj Pharyngeal branch - supplies cranial portion of
esophagus and larynx, and constrictor muscles of
the pharynx. Occasionally it arises directly from
the cranial thyroid artery near the origin of the
sternocleidomastoid branch.

2) Glandular branch (dorsal group) - usually present
(but occasionally absent). They enter along the
dorsal and medial aspects of the thyroid gland,
when present.

3). Tracheal and_eSOphageal branches - supply the
cervical bortions of trachea and esophagus._

Ventral branch - courses medially towards the larynx,

cranial to the cranial pole of the thyroid gland and

gives risg to the following: .

1l) Glandular branch (ventral group) - enter lateral
and ventral aspects of thyroid gland near cranial
pole.

2) Cricothyroid branch - éupplies sternohyoideus,

sternothyroideus, thyrohyoideus, and cricothyroideus
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muscles, and gives ri;e to the caudal larynggal,
which enters the larynx via the cricothyfoid
membrane. ‘

3) Anastomotic branch - joins the corresponding bBranch
from the opposite side across the cricotracheal
membrane. |

4) Terminates by supplying glandular branches (also.

'be;onging to the ventral group) to the ventro-
lateral aspect of the thyroid lobe. The level of
its termination is dependent upon the branching of
the dorsal branch as well as the presence of a
glanduiar‘isfhmus. When tﬁe dorsal branch supplies
glandular branches to the caudal half of the thyroid
lobe, the ventral branch terminates within the |
craniqlhhalf of the lobe. In the absence of dorsal -
'glandular_branches, the ventral'ﬁranch vascularizes
the caudal,pole of the thyroid lobe. In addition,
the ventral branch supplies the glandular isthmus,
when'present, and occasionally supplies thé opposite
lobe via this route.

The intrinsic arterial pattern;of the canine_thyroid giand.
follows the_internal_divisipns of the gland. Therefore, |
it is appropriate to name the arterial branches corfe-

sponding to its functional divisidns.. The artgiial pattern

is as followsi
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a. Glandular branches - enter the thyroid gland parenchyma
before dividing into lobar branches, on the other hand
these branches, in humans course and divide on the
surface of the thyroid gland.

b. Lobar branches - course within the connective tissue
trabeculée between functional lobes and released
lobular branches into the functional lobes.

c. Lobular branches - travel within the interlobular septa
giving rise to interfollicular branches. The number of .
lobular branches supplied to the functional lobes ana
the number of lobar branches supplying lobular branches
depend upon the size of the functional iobe, the larger
functional lobes being supplied by a greater number of
lobular branches from a greater number of lobar branches.

d. Interfollicular branches - course between follicles of |
the lobule and give rise to foilicular branches. The
number of_interfollichlar branches supplied to the
lobule and the number of lobular branches giving rise to’
the interfoilicular branches depend upon the same
criteria as described in (c) above for vasculariziﬁg
the‘functiona} lobes. The interfoliicular branches
usually_terminaté into two follicular branches.
Occasionally, in large lobules, the interfollicular
branch divides into several equal sized branches, ﬁhiéh,

" in turn, give rise to follicular branches.
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e. Follicular branches - are short which gain the surface
of the follicles and ramify into a follicular capillery.
Although, differeﬂt-follicles within the same lobule
are frequently supplied by different 1nterfolllcular
branches, the 'general rule of one follicular branch per

follicle prevails.

£, Follicular capillaries - branch into a capillary bed

over the surfaces of larger follicles, but remain un-

branched over the surface of smaller follicles.

-Only one type of arterial ramification is considered to

occur (as descrlbed in 5 above)

The external parathyroid gland is supplied by the para-
thyroid artery, arising from a glandular branch of the
crahial thgroid artery before the.latter.enters'the~thyr9id
gland. The internal perathyroid, oh‘the other hand,-
receives its bleod.supply directly from thyroid brenehes
within the gland. | .

The parathyroid ertery enters the hilus of the gland and
travels.towards the center of the parathyroid gland. It
radiates branches towards the periphery, which gives rise
to 51nu501d like caplllarles.

The veins of the thyroid gland orlglnate from the foll;cular
caplllayles and follow the course of the arterla; branches.
Therefore, the venous dfainage pattern is the same as the

arterial pattern, except in the reverse order, i.e.:
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Venous capillaries - form beds.in larger follicles,

venous channels in sﬁallgr follicles. They converge
forming the‘follicdlar-véin which leaves the surface

of the follicle-éppfoximaﬁely 0ppo§ite the point where
the folliculaf arteriaiﬁbﬁénCh géins the follicular
surface. - | J |
Follicular veins - which drain the follicle and con-
verge forming the intérfqllicﬁlar velins.
Interfollicular veins - emerge frbm the lobule and join
adjacent interfolliéu;ar veins'formiﬁg-lobular veins

which drain the lébules.

-Lobular veins - foliow thé trabeculae between lobules

and converge forming lobar veins.

Lobar veins =~ drain the fuﬁcfional lobes. Théy drain
into'glanﬁu;ar veins, which emerge ffom the thyrdid
gland. |

Glandular veins - form cranial and caudal thyroid veins
neaf the corresponding poles of the thyroid lobe. -
Cranial and éaudal thyroid veins - usually enter the
internal jugular vein near the cranial and caudalwpoles
of the correspopding tﬂyrqid lobes. Occasionélly the
daudal thyroid vein éccompanies the dorsal branch of
the cranial thyroid_artéry aﬁd empties in the brachio-
cephalic vein slightly cranial to the beginning of the

cranial vena cava.
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10. The veins of the parathyroid gland also follow the course
of the arterial branches; they emerge from the gland at thé
hilus as a parathyroid vein, and drains into one of the
glandular veins of the thyroid lobe.

11. Only 2 and occasionally 3 extrinsic thyroid anastomoses are
found, however, they are major communications which may
function as collateral blood supplies under pathological
conditions, wviz.:

a. Dorsal branch of cranial thyroid artery anastomoses
with tracheoesophageal artery near the cranial thoracic
aperture.

b. Collateral cranial thyroid arteries anastomose by a
small twig from collateral ventral branches across the
cricotracheal membrane.

¢c. Collateral ventral branches anastomose across glandular
isthmus, when present.

12. Only arterial-arterial anastomoses, which function to
insure a blood supply to the thyroid follicles in patho-
logical conditions,_and venous-venous anastomoses, which
function to Qrain hormone carrying blood quickly from the
g;and, are distinctly evident. However, it is believed
that arterial-venous anastomoses, which may act to regulate
thyroid hormone absorption in the blood (Modell, 1933),
exist, possibly at the lobar and'lobular levels, within

the canine thyroid gland.
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The lymph vessels of the thyroid gland follow the
course of the blood vessels (vascular triads) and thus
closely resemble the pattern of venous drainage.

The lymph capillaries appear to be more closely

associated to the follicular cells than are the follicular

‘blood capillaries, and this would explain the occurrence

of thyroid hormone in the lymph draining the gland, how-
ever, the observations of Luciano and Koch (1975) may
explain why the bulk of the hormone is transported by

the blood, instead of the lymph.

The lymphatics of the parathyroid glands are independent
of the thyroid gland.

Although the canine thyroid gland differs from the human
gland in several aspects regarding morphology and angio-
architecture, both are basically the same as to function.
A knowledge of these differences in thyroid glands allows
the canine th&roi@ gland to be used as an animal model for

human experiments.
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APPENDIX
Legend for Figures

Common carotid a.

Cranial thyroid a.
Sternocleidomastoid br. of 2
Dorsal br. of 2

Glandular br. of 4

Ventral br. of 2

Glandular br. of 6

Cricothyroid br.

Anastomotic twig of 6

Lobar br,

Lobular br.

Interfollicular br.

Follicular br.

Unbranched follicular capillary
Follicular capillary bed

Venous follicular capillary bed
Follicular vein

Interfollicular vein

Lobular velin

Lobar vein

Glandular vein

Cranial thyroid vein

Caudal thyroid wvein

External parathyroid vein
Internal jugular vein

Tracheal and esophageal brs. of 4
Bronchoesophageal a.
Tracheoesophageal a. (caudal thyroid a. of thé literature)
Anastomosis between 4 and 27, near the cranial thoracic
aperture

Lymph capillaries
Interfollicular lymph vessel
Lobular lymph vessel

Pharyngeal br.

Thyroid lobe

Longus capitis m.

Trachea

Esophagus

Glandular isthmus of A

Cricoid cartilage

External parathyroid gland (III)
Thyroid follicle

Follicular epithelium

"Basement membrane
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Parafollicular or C-cell

Ultimobranchial tube containing a homogenous colloid-like
substance with cellular debris

Ultimobranchial duct

Mixed follicle

Nucleus of endothelial cell

Venous semilunar cusps
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Figure 1. The arteriél supply to the left thyvroid lobe-
slightly displaced (ventrolateral view)

Figure 2. A glandular isthmus connecting the caudal poles of
the thyroid lobes (ventral view)
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Figure 3. An India ink injected glandular isthmus, treated
with clearing agent. Mag. 14 times

Figure 4. Two parathyroid nodules (plastic injection
technique). Mag. 25 times



179

Figure 5. Reticular fibers in the basement membrane of the
follicles (Silver stain). Mag. 360 times

Figure 6. An interfollicular vessel (Crossmon's Modification
of Mallory's Triple). Mag. 1430 times
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Figure 7. A parafollicular or C-cell (Silver stain). Mag.
360 times

" Figure 8. A cluster of parafollicular or C-cells (Silver
stain). Mag. 360 times
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Figure 9. A remnant of an ultimobranchial body (Crossmon's
Modification of Mallory's Triple). Mag. 143 times
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Figure 10. The extrinsic vasculature of the left thyroid
lobe--slightly displaced
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Figure 11. A plastic cast of the thyroid and external para-
thyroid (III) vasculature. Mag. 14 times

Figure 12. A plastic cast of the intrinsic thyroid
vasculature - Capillary network partially removed,
Mag. 14 times
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Figure 13. The follicular capillary bed of a large follicle
(Crossmon's Modification of Mallory's Triple).
Mag. 1430 times

Figure 14. The follicular capillary of a small follicle
(Crossmon's Modification of Mallory's Triple).
Mag. 1430 times
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Figure 15. A plastic cast of the intrinsic thyroid

vasculature - capillary network completely removed.
Mag. 29 times

Figuré 16. The wide lumen of an interfollicula branch
(Crossmon's Modification of Mallory's Triple).
Mag. 1430 times
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Figure 17. A plastic cast of the intrinsic thyroid veins.
Mag. 17 times

Figure 18. A plastic cast of a thyroid venous valve (Arrow
indicates blood flow). Mag. 70 times
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Figure 19. India ink injected lymph capillaries, closely
associated with follicular cells (Hematoxylin).
Mag. 360 times

Figure 20. India ink injected lymph vessels of the thyroid
gland (Hematoxylin). Mag. 143 times
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Figure 21. A vascular triad of the thyroid gland, comprising
an artery, vein, and lymphatic (Hematoxylin).
Mag. 143 times





