
XVII. Tumours of the adrenal gland and paraganglia
E. C. APPLEBY 1

This classification is arranged in two parts in order to take into account the different
origins, structures, and functions of the cortex and medulla. The tabular classification is a
simplified version of that suggested for adrenal tumours in man, and includes cortical
adenoma and carcinoma, phaeochromocytoma, chemodectoma, neurofibroma, ganglioneu-
roma and ganglioneuroblastoma, and neuroblastoma. A detailed functional classification is
not given, since the hormonal activity ofmany adrenal tumours in animals is less well known
than it is in man. Of the tumour-like lesions listed, cortical hyperplasia is particularly
important in several species.

A classification of tumours of the adrenal gland
must take into account the fact that each of the
paired glands consists of two separate endocrine
organs. The cortex and the medulla have different
origins, structures, and functions and consequently
develop different tumours. As with other endocrine
glands, any hyperplastic or neoplastic change in
these glands cannot be studied adequately without
some knowledge of their biochemical activity and
the intimate relationships that exist with the rest of
the endocrine system.
A classification of tumours of the endocrine

glands of man is currently being prepared and will
appear in the International Histological Classifica-
tion of Tumours series published by WHO. It has
been noted that prolonged stimulation of an endo-
crine gland can lead to neoplastic change and that
there may be a continuous gradient between hyper-
plasia and adenoma. In animals, as in man, nodular
hyperplasia and adenoma of the cortex are often
difficult to distinguish from one another, which lends
some support to this view. However, while there is
little doubt that adrenocorticotrophic hormones
secreted by the hypophysis are important in the case
of bilateral diffuse hyperplasia of the adrenal cortex,
their role in nodular hyperplasia and in tumour
formation is not yet clear. Attention has been drawn
to the fact that the correlation of autonomy of
growth and function with morphological features is
by no means exact in the case of endocrine tumours
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in man and it is probable that this is equally true in
animals.
The histological classification presented here is a

simplified version of that suggested for tumours of
man. It is felt that the volume of animal material
studied and the depth of the study does not at this
stage justify the inclusion of sub-types. For the same
reason, the distinction between benign and malig-
nant forms is not emphasized by the use of sub-
headings in the classification. Metastatic deposits of
tumours arising at other sites are not uncommon in
adrenal glands, but no special study has been made
of these.
With regard to functional classification, it has

been emphasized in the case of the endocrine tu-
mours of man that adequate clinical and biochemical
information is important for correct diagnosis. In
the case of tumours of the adrenal glands and
paraganglia of domestic animals, such information is
not usually available. Many tumours appear merely
as an incidental finding in the abattoir or post-
mortem room and their hormonal activity is either
slight or at least clinically undetected.

Canine Cushing's syndrome associated with
hyperplasia or neoplasia of the adrenal cortex is
influenced to a greater or lesser degree by the
pituitary gland and hypothalamus, and is something
of an exception to this rule. The syndrome is well
documented in the dog and has been reported in the
horse and the cow. Reports of hormonally active
medullary tumours are few, although they have been
found to secrete hormones in the dog and the cow
and clinical activity has been recognized in the dog
and the horse.
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FUNCTIONAL CLASSIFICATION OF
ADRENAL GLAND TUMOURS

1. FUNCTIONAL DISTURBANCE

A. Hypofunction

B. Hyperfunction

C. Dysfunction

II. NO FUNCTIONAL DISTURBANCE

III. FUNCTIONAL STATE UNDETERMINED

The descriptions that follow are based on approxi-
mately 150 tumours and related lesions of the adre-
nal glands and paraganglia together with a study of
the literature. About 75 cases were from cattle, 25
from horses, and 50 from dogs. Of the 22 para-
gangliomas studied 20 were from dogs. A few sheep
tumours were examined but none from the pig or the
cat.

Estimates of the frequency of adrenal tumours
based on abattoir surveys a suggest that they are
comparatively rare in cattle and very rare in sheep
and pigs. Cortical tumours appear to outnumber
medullary ones but this may be due to the fact that
the former are more readily noticed on inspection. In
our own small survey we found that adrenal tumours
are relatively common in older horses and cattle and
also that phaeochromocytomas are more numerous
than cortical tumours. We have some evidence that
proliferative changes in the adrenal glands of sheep
are not rare, and it may also be true that their
infrequent occurrence in the pig is also more appar-
ent than real.

In dogs, cortical changes are common in older
animals, especially the various forms of hyperplasia
and adenoma. Phaeochromocytomas are relatively
rarely seen. Few tumours of adrenal glands have
been recorded in cats.

a See especially SANDISON, A. T. & ANDERSON, L. J.
Journal of comparative pathology, 78: 435-445 (1968).

Tumours of the chromaffin and non-chromaffin
paraganglia are relatively rare in all species, al-
though aortic body tumours in the dog may be
considered an exception to this general rule.
Of the 58 cases of paraganglioma on file at the

Armed Forces Institute of Pathology in Washington,
DC, comprising 2 mules, 4 bovines, and 52 dogs, 36
involved the aortic body, 14 the carotid body, 1 both
sites, and 7 undetermined sites. Eleven showed defi-
nite metastasis to other sites. A single case has also
been recorded in the cat.

In man, carotid body tumours have been shown to
occur more commonly at high altitudes. In dogs,
the suggested association of non-chromaffin para-
gangliomas with the brachycephalic breeds may also
be related to hypoxia.
The adrenal glands of ruminants show some

differences from those of the other domestic animals.
The medulla of the gland shows two zones: in the
outer zone, adrenalin-secreting columnar type cells
are arranged in an arcuate pattern, whereas the inner
zone is composed of an ill-defined arrangement of
irregularly-shaped cells, which secrete noradrenalin
and are argentophil. In some species of ruminant,
the cortical cells tend to contain little or no lipid and
on gross examination the colour of the cortex may
therefore appear brown rather than yellow. Other
minor species variations are referred to below.

Conventional methods of fixation, paraffin embed-
ding, and staining have been used in most instances.
Haematoxylin-eosin is adequate in many cases; it
can be supplemented by Masson's trichrome
method, by Fontana's method, and by Glees &
Marsland's modification of Bielschowsky's method
for neural elements. Additional comments regarding
special methods are included in the description of
phaeochromocytoma.
The author is indebted to a number of colleagues

for the provision of material, facilities, and/or
advice, especially Dr H. Casey of the Armed
Forces Institute of Pathology, Washington, DC,
USA; Professor A. L. Parodi of Alfort Veterinary
School, France; Mr K. W. Head of the Royal (Dick)
School of Veterinary Studies, Edinburgh, Scotland;
Dr A. Mackay of the Royal Marsden Hospital,
Sutton, England; and Professor E. Cotchin of the
Royal Veterinary College, London, England.



Fig. 1. Adenoma: cord-like arrangement of
tumour cells (horse).

Fig. 3. Carcinoma with calcium deposit in
connective tissue (ox).

Fig. 2. Adenoma with cystic spaces (dog).

Fig. 4. Carcinoma showing necrosis (ox).
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Fig. 5. Carcinoma: pleomorphic tumour cells
and foci of lymphocytes (ox).

Fig. 7. Cortical nodular hyperplasia in cortex
and capsule (dog).

Fig. 6. Cortical hyperplasia: extracapsular
nodule (dog).

Fig. 8. Clear cell nodule compressing medulla
(ox).



Fig. 9. " Myelolipoma": focus of haemopoiesis
with numerous megakaryocytes (dog).

Fig. 11. Phaeochromocytoma: residual granu-
lation (formalin fixation) (ox).

Fig. 10. Phaeochromocytoma with vascular
spaces (horse).

Fig. 12. Chemodectoma of aortic body with
vascular spaces (dog).



Fig. 13. Chemodectoma of carotid body
(dog).
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Fig. 15. Ganglioneuroblastoma, silver im-
pregnation method (sheep).
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Fig. 14. Chemodectoma of aortic body (dog).

Fig. 16. Neuroblastoma (dog).



ADRENAL GLAND AND PARAGANGLIA

HISTOLOGICAL CLASSIFICATION AND NOMENCLATURE OF TUMOURS OF THE
ADRENAL GLAND AND PARAGANGLIA

Tumours of the adrenal cortex

I. ADENOMA

II. CARCINOMA

III. TUMOUR-LIKE LESIONS

A. CORTICAL FOLDS

B. NODULES AND CYSTS

C. FOCAL AND DIFFUSE HYPERPLASIA

D. " MYELOLIPOMA"

Tumours of the adrenal medulla
and paraganglia

(including extra-adrenal paraganglia and chemoreceptors)

I. PHAEOCHROMOCYTOMA

II. CHEMODECTOMA

III. NEUROFIBROMA

IV. GANGLIONEUROMA AND GANGLIO-
NEUROBLASTOMA

V. NEUROBLASTOMA

VI. TUMOUR-LIKE LESIONS

DESCRIPTION OF TUMOURS

Tumours of the adrenal cortex

1. ADENOMA (Fig. 1, 2)

Adenomas are usually found in the cortex but may
arise from cortical islands in the medulla. They
range in size from small lesions buried in the adrenal
substance to prominent masses bulging from the
surface.
The term is usually reserved for distinct individual

masses of cortical cells that are relatively discrete,
are well-differentiated, and show few mitotic figures.
The appearance is recognizably cortical, although
there may be a resemblance to one or other of the
different cortical zones, depending on the degree of
vacuolation of the cells and their arrangement either
in a glomeruloid pattern or in straight or branching
cords.
The tumour compresses the surrounding tissue

and frequently has an imperfect fibrous capsule of
varying thickness. Irregular fibrous trabeculae may
be seen in the larger specimens and these occasion-
ally contain calcium deposits. Cystic spaces and
haemorrhagic areas may also be present.
Adenomas have been recorded in most species and

are usually considered to be relatively common in

older animals, especially in the dog. The distinction
from nodular hyperplasia is not always clear, which
makes the true frequency of adenoma difficult to
estimate.

Cushing's syndrome has been described in asso-
ciation with cortical adenomas.

1I. CARCINOMA (Fig. 3-5)

These relatively rare tumours are usually single,
prominent, and unilateral. The appearance and
arrangement of the cells may vary, even in a single
specimen, from a close resemblance to the normal
cortical cell type and pattern to an irregular arrange-
ment of more spindle-shaped cells. Lipid vacuoles
are less likely to be seen than in adenoma. The
staining reaction of the cytoplasm is usually eosino-
philic.
The tumour often shows cystic, haemorrhagic,

and necrotic areas and irregular trabeculae with
calcium deposits. Mitotic figures are common and
carcinomas invade the medulla and the capsule of
the gland. Not uncommonly they may invade the
wall of the posterior vena cava, to which the adrenal
glands are in close apposition, either directly or via
the adrenal vein. The invading cells may continue to
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grow as an extended mass along the vessel wall and
may be visible from the lumen, although the infre-
quent occurrence of distant metastasis suggests that
the proliferating cells are probably covered by vascu-
lar endothelium. Invasion of the aorta is also said to
occur.a
The distinction between well-differentiated carci-

noma and adenoma may be difficult in some cases.
Very poorly differentiated carcinoma can on occa-
sion be difficult to distinguish from phaeochromocy-
toma, which can also invade the posterior vena cava.

Like adenoma, carcinoma of the adrenal cortex
has been associated with Cushing's syndrome.

III. TUMOUR-LIKE LESIONS (Fig. 6-9)

These are represented by certain normal anatomi-
cal features of the gland and by hyperplasia and
other dynamic developments.

Cortical folds are generally less prominent in
animals than they are in man, but in the horse in
particular they can appear as isolated foci of fibrous
tissue surrounded by zona glomerulosa cells lying in
the deeper layers of the cortex. Irregular areas of
cortical tissue are commonly present in the medulla
of normal glands, and sometimes surround nerves,
ganglion cells, blood vessels, or extensions of the
capsule.
Nodules are less well demarcated from the sur-

rounding cortex than are adenomas. They are usual-
ly multiple, and frequently develop in association
with hyperplasia of the cortex in older animals,
especially the dog. The hyperplastic change may be
almost completely diffuse, partly nodular, or com-
pletely nodular. Nodules may occupy most of the
cortex, encroach on the medulla, and be present in
the substance of the capsule or even outside it, often
reaching quite a large size. Pressure may cause
cortical material to prolapse into the capsule.

Diffuse hyperplasia has been seen associated with
Cushing's syndrome in the dog, as have cortical
tumours. (In the classification of the adrenal tu-
mours of man, a variant of nodular hyperplasia with
internodal atrophy of cortical tissue, which occurs in
children with Cushing's syndrome, has been referred
to as " micronodular cortical adenomatosis ".) In
cattle, large, clear cell nodules occasionally occur in
the cortex and/or in cortical tissues of the medulla.

a Anatomical note. It is of interest that at the level of the
adrenal glands, at least in the cow, horse, and sheep, the wall
of the posterior vena cava is frequently thicker and more
robust than that of the aorta at the same level.

Cystic areas may occur in the substance of cortical
tumours or in non-neoplastic cortices that may be
undergoing hyperplasia. Some of these may merely
represent an accumulation of protein or amyloid
material between the cortical cells.

Islands of haemopoietic tissue, often associated
with fatty tissue, are not uncommon. Fatty tissue
may occur alone. It has been suggested that these
areas may represent true lipoma or myelolipoma.

Tumours of the adrenal medulla
and paraganglia

I. PHAEOCHROMOCYTOMA (Fig. 10, 11)

This tumour arises from the chromaffin cells of the
medulla and is by far the most common of medul-
lary tumours. It is most often recognized in older
cattle and horses and is probably the commonest
adrenal tumour in these species. The author's own
experience suggests that it may be one of the com-
monest of all bovine tumours.
The tumour may be single or multiple and unilat-

eral or bilateral, and the cut surface usually appears
dark red-brown in colour. Some tumours are large
enough to detect on superficial inspection but many
are visible only on cutting the gland. The formal-
dehyde solution in which fixed tissue arrives at the
laboratory is frequently a rich tawny colour. Extra-
adrenal phaeochromocytomas have been reported
occasionally in animals and these presumably origi-
nated in the chromaffin paraganglia. t

The cellular nature of the tumour resembles nor-
mal medulla to a greater or lesser degree. The
arcuate arrangement of cells may be partly retained,
or irregular cords of slightly elongated cells with
faintly granular, basophilic cytoplasm, separated by
vascular spaces, may be seen. Evenly arranged
masses of similar but more rounded cells may also
be evident, and it is not clear whether in ruminants
these different patterns originate from the two differ-
ent types of medullary cell. Mitoses are not usually
very frequent and necrosis is unusual.
The classical diagnostic technique is to fix the

fresh tissue in Muller's, Orth's, or another dichro-
mate-containing fixative to demonstrate brown
chromaffin granules in the tumour cells. Even when
practicable, this is not successful in all cases.b In
material fixed with formaldehyde solution, histologi-

b The recommended pH of the fixative for human
phaeochromocytomas is 5.8.
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cal resemblance to the normal medullary cell type
and pattern and the appearance of residual granula-
tion may be sufficient to indicate the origin of the
tumour. Schmorl's method, the Masson-Fontana
method, methylene blue, and Giemsa's stain may aid
recognition of the granules.
Phaeochromocytomas compress the surrounding

medullary or cortical tissue often very markedly, and
a partial encapsulation with fibrous tissue may be
present as well as occasional trabeculae in the sub-
stance. Brown pigment resembling lipofuscin is often
present at the edge of the tumour.
Very poorly differentiated phaeochromocytomas

may be almost indistinguishable from carcinomas,
especially if most of the structure of the gland is
destroyed, and like carcinomas they may also invade
the great vessels.

II. CHEMODECTOMA (Fig. 12-14)

Most recorded cases of this tumour have occurred
in the aortic body of the dog, a few in the carotid
body, and one or two in other sites. Aortic body
tumours are usually prominent, firm, bosselated
masses closely applied to the aorta at the base of the
heart. Chemodectomas consist of groups or packets
of cells with large, rounded nuclei stippled with
chromatin and faintly granular cytoplasm that may
appear ragged. The groups of cells are separated by
a network of fibrous trabeculae and are typically
arranged around vascular spaces. The trabeculae
may be fine or quite coarse in places and sometimes
the groups of cells, normally rounded, lie in almost a
cord-like arrangement between clearly defined,
straight trabeculae. Haemorrhagic areas and dilated
vascular spaces may be seen and small calcified
spheroids are sometimes present. Occasional speci-
mens show marked variation in the size of the
nucleus. Mitotic figures are rare but some tumours
show masses of poorly differentiated, spindle-type
cells. Invasion of the wall of the neighbouring artery
or of the atrial wall may occur and metastasis to
distant organs such as the lung has been recorded.
Distinction of carotid body and aortic body tumours
from ectopic thyroid tumours may depend in some
cases on electron-microscopic investigation.a

a SANDERSLEBEN, J. VON & HANICHEN, T. Tumours of the
thyroid gland. Bulletin of the World Health Organization, 50:
35-42 (1974).

III. NEUROFIBROMA

Tumours of neural origin are commonly consid-
ered to be rare but have been reported in both the
adrenal medulla and the chromaffin paraganglia. In
one survey of cattle, neurofibromatous lesions were
recognized quite frequently in the medulla and
cortex. In general, neurofibromas may be difficult to
distinguish from fibromas.b

IV. GANGLIONEUROMA AND

GANGLIONEUROBLASTOMA (Fig. 15)

Ganglioneuroma, composed of mature ganglion
cells and fibres, is very rare. Ganglioneuroblastoma
resembles neuroblastoma with an admixture of pleo-
morphic ganglion-type neurones.

V. NEUROBLASTOMA (Fig. 16)

Neuroblastoma tends to occur in young animals
and is composed of small cells with dark nuclei and
little cytoplasm, which are classically described as
being arranged in rosettes around tangles of fibres.
Examples studied, however, show a rather densely
cellular pattern with scattered trabeculae and occa-
sional irregular, clear areas where fibres in parallel
lines or fan-like arrangements may be seen con-
nected to the cells. Neuroblastoma is considered to
be highly malignant in man but information con-
cerning its behaviour in domestic animals is scanty.

VI. TUMOUR-LIKE LESIONS

Hyperplastic changes have been described in the
adrenal medulla of children belonging to families
with familial medullary carcinoma and phaeochro-
mocytoma. There are few references to such changes
in the veterinary literature, although they have occa-
sionally been recorded in the rat and the cow.
Certainly, alterations occur in the medullary pattern
of the cow and the horse that appear to be inter-
mediate between normal medulla and an identifiable
phaeochromocytoma.

In the medulla of the sheep, nodules of pigment
cells and eosinophils may be found at the periphery
or grouped around a central venous sinus. The
significance of this lesion is not known.

t' FANKHAUSER, R. ET AL. Tumours of the nervous system.
Bulletin of the World Health Organization, 50: 53-69 (1974).


