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Editorial

The human carotid body
All students of thoracic disease should be interested
in the complex arrangement of blood vessels,
nerves, and gland-like tissue within the carotid
bifurcation which comprises the carotid body and
sinus. There would appear to be a case for immedi-
ately declaring these structures to be honorary
thoracic organs for, while they are situated in the
neck, they appear to be intimately concerned with
monitoring vital functions of the heart and lungs
such as the maintenance of systemic blood pressure
and oxygenation of the blood.

It may be that some are not very clear about the
distinction between carotid sinus and carotid body.
The sinus is an ill-defined dilatation at the origin of
the internal carotid artery in which there is a definite
abrupt thinning of the media, which is richly sup-
plied by nerve fibrils. The sinus is concerned with
baroreception and physiologists are able to demon-
strate in laboratory animals such as the rat how eas-
ily and rapidly this thin-walled segment distends and
reacts to fluctuations in intravascular pressure. In
man, however, this dilated, thin-walled sac, like all
aneurysms, proves to be very susceptible to the
development of atherosclerosis,' and such progres-
sive fibrosis with age diminishes the extensibility of
the sinus and makes it a very stiff baroreceptor
indeed.2
The carotid body is an ovoid nodule of fawn-

brown tissue lying in the loose connective tissue of
the carotid bifurcation. It is supplied by one or more
glomic arteries, which arise from the common or
external carotid arteries3 4; and these give rise to a
complex mass of small glomic arteries, which have a
highly elastic structure,5 and capillaries. Half a cen-
tury ago de Castro produced neuroanatomical evi-
dence of a profuse afferent nerve supply from the
glossopharyngeal nerve for this vascular complex.67
His detailed histological studies led him to a novel
and intuitive interpretation of the role of this mass
of nerves and glomus cells around the vascular
plexus-namely, that of a chemoreceptor. His
interpretation stimulated a series of experiments
from distinguished physiologists, who were able to
confirm the responsiveness of the carotid body to
hypoxaemia and hypercarbia.5"11 Physiologists are
still, however, unable to agree about how the carotid
Address for reprint requests: Professor D Heath, University
Department of Pathology, Liverpool L69 3BX.

561

body works and no one has been able to identify the
essential transducer which is sensitive to a
diminished partial pressure of oxygen in the plasma.
There is at present no evidence of an endocrine role
for the carotid body. The glomus cells have the
characteristic structural features of an APUD cell
capable of forming a peptide hormone; but no one
has yet been able to prove the existence of or ascribe
a function to this hypothetical hormone "glomin."12
The elegant studies of the physiologists lit no

spark among the pathologists. They largely ignored
the carotid body, confining their interest to the
histopathological features of its tumour, the
chemodectoma, which are so characteristic that they
make very suitable subject matter for such exercises
as the final practical examination of the Royal
College of Pathologists. Few morbid anatomists ever
examine the carotid bodies at necropsy, even in
cases of heart and lung disease-probably thinking,
quite wrongly, that the demonstration and exam-
ination of these organs require a time-consuming
dissection and a meticulous study of serial sections.
In fact, all that is required is a pair of scissors, about
five minutes, and (most important) the will power to
examine these tissues. The authors of undergraduate
texts of pathology have also shunned the carotid
bodies, so the ignorance is passed on to the next
generation. The result of this neglect is a peculiar
imbalance in our knowledge of these organs. While
physiologists have carried out sophisticated and
elegant studies on the carotid bodies of animals,
pathologists have failed to learn even the most basic
reactions of the organs in generalised disease
through not examining them routinely at necrospy
like other viscera.

In view of all this, it is not surprising that the first
report of structural changes in the carotid bodies in
response to altered physiological conditions in the
body came not from a hospital or university depart-
ment of pathology but from the more exotic setting
of field work in the Peruvian Andes. In 1969
Arias-Stella reported that the carotid bodies of
Quechua Indians born and living at high altitude
were larger than those of mestizos on the coast.'3
Subsequently, during one of our expeditions to the
Altiplano we were able to show that the carotid
bodies of domestic animals living at high altitude
were larger than those of the same species living on
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the coast.'4 The implication was that the carotid
bodies were undergoing hyperplasia in response to a
sustained stimulus of hypoxaemia secondary to
chronic hypobaric hypoxia. It was not altogether
unexpected therefore when the carotid bodies were
found to show a similar enlargement in patients with
chronic bronchitis and emphysema who had chronic
hypoxaemia-the "blue bloaters." ,' Since right ven-
tricular hypertrophy occurs in such patients with
hypoxic pulmonary vasoconstriction a relation bet-
ween the weight of the right ventricule and the
carotid body might have been expected and was in
fact found.'5
At the same time the carotid bodies of high-

altitude animals showed ultrastructural changes
probably related to the stimulus of chronic hypoxia.
These changes occurred in the chief cells, usually
considered to be concerned with the chemoreceptor
response, and they affected the neurosecretory vesi-
cles. These are organelles consisting of a central
osmiophilic core surrounded by a thin, clear halo
and they probably contain biogenic amines and pep-
tides concerned with the chemoreceptor response or
even with an endocrine function. In hypoxaemia the
core became smaller, paler, and eccentric, so that
the vesicles were converted into microvacuoles.'6 17
Such electronmicroscopic changes are clearly
characteristic of hypoxia, but the precise significance
of each element of the process remains obscure.
There appears to be a certain logic in most of this

and we can relate most of the structural changes to
the idea that the carotid body is first and foremost a
chemoreceptor. Nevertheless, some observations do
not seem to fit easily into this tidy scheme. A decade
ago we became aware that there was a relation be-
tween the weight of the left cardiac ventricle and of
the carotid bodies.'5 More recent histological studies
of carotid bodies obtained from a series of
necropsies at the Royal Liverpool Hospital show
that carotid body hyperplasia occurs in systemic hyper-
tension as well as in chronic hypoxaemia complicat-
ing pulmonary emphysema.'8 19 This observation on
human tissue has been confirmed by the finding of
enlargement of the carotid bodies in spontaneously
hypertensive rats of the Okamoto strain20 (also
unpublished observations).

Probably most physiologists would suspect that
the rounded chief (type I) cell was the transducer
monitoring the partial pressure of oxygen in the
plasma and so it might be confidently anticipated
that carotid body hyperplasia, certainly in chronic
hypoxaemia and possibly in systemic hypertension,
might be due to proliferation of chief cells. This
expectation is not realised in man, and in fact in both
conditions the enlargement is due to hyperplasia of
elongated cells at the periphery of clusters of chief

cells compressing them-and therefore perhaps
responsible for diminution of hypoxic drive in such
hypoxic patients. The elongated cells are difficult to
identify with certainty by light microscopy'8 but
ultrastructural studies (unpublished observations)
show them to be a mixture of sustentacular (type II)
cells and Schwann cells, with plentiful nerve axons
enfolded by the Schwann cells much in evidence. It
is unexpected and interesting that both systemic
hypertension and chronic hypoxaemia induce the
identical form of histopathology and that the tissues
most concerned are sustentacular and Schwann cells
with many associated nerve axons. Perhaps the axon
itself is the missing transducer.

It is not surprising that the carotid body is so sen-
sitive to the level of intravascular pressure since it
lies adjacent to the carotid sinus, with its barorecep-
tor function and rich nerve supply intermingling
with that of the carotid body. The nature of the
glomic arteries supplying the carotid bodies, how-
ever, suggests that they are themselves directly sen-
sitive to fluctuation in blood pressure. Whenever
arteries approach glomic tissue they lose the typical
appearance of a muscular systemic artery to acquire
the characteristic of an elastic vessel despite their
diminutive diameter. This combination of a highly
elastic wall with a rich nerve supply is reminiscent of
the wall of the carotid sinus and suggests that the
vessel directly subserves a baroreceptor function.
This richly elastic appearance is seen in the main
glomic arteries,34 in the branches of glomic arteries
deep in the substance of the carotid bodies,5 in
arteries supplying intertruncal glomera in the
mediastinum,21 and in the so-called "glomus pul-
monale."22 These small elastic interlobular arteries
running through the carotid body give rise to muscu-
lar intralobular arterioles, which appear able to con-
trol the flow of blood into the glomic capillaries.5 It
is a matter of conjecture whether reflexes initiated
by stimulation of the walls of the elastic arteries lead
to constriction of these intralobular arterioles.
Prolonged stimulation of the human carotid body

by systemic hypertension or severe hypoxaemia
appears to induce a second, distinct type of histo-
pathology.23 This is characterised by focal prolif-
eration of dark or of "pyknotic" variants of chief
cells.23 In the former the nucleus is smaller and con-
tains more heterochromatin than in the usual light
type of chief cell and its cytoplasm is condensed and
darker. In the "pyknotic" variant the nucleus is
much smaller and compact as in necrotic tissue, but
the cell has this appearance while in fact undergoing
proliferation.

Conceivably this late focal proliferation of vari-
ants of chief cells may represent the early stages of
development of chemodectoma, a tumour known to



be commoner at high altitude.'7 As early as 1973
Saldafla and his colleagues24 reported that all but
two of 25 Peruvian adults with chemodectomas of
the head and neck had been born and lived at high
altitudes up to 4350 m above sea level, whereas only
38% of the Peruvian population of 13-5 million live
at or above an altitude of 3000 m. In their series
they found that all the carotid body tumours were
benign, while one patient had a malignant glomus
jugulare tumour. Females predominated over males
by about six to one and left-sided were three times
as common as right-sided tumours. The tumour cells
were arranged in clusters and comprised chief cells
with the dark variant predominating. Interestingly,
two of the reported patients from the Andes with
chemodectomas died from metastasising carcinoma
of the thyroid.242S This association of chemo-
dectoma with thyroid carcinoma was noted in two
patients in Mexico City at an altitude of 2380 M.26
The same sequence of carotid body hyperplasia and
chemodectoma formation occurs in cattle at high
altitude.27
The carotid body of man appears to differ from

that of animals both in its structure and in its reac-
tion to disease. In human glomic tissue both the dark
and the pyknotic variants of chief cells are well-
defined entities"8 and, as we have seen, may show
focal proliferation with prolonged exposure to sys-
temic hypertension and chronic hypoxaemia.23 In
contrast, in rats dark and pyknotic variants are
difficult to distinguish and are even regarded by
some workers as artefacts due to tissue damage and
inadequate fixation.28 The striking hyperplasia of
elongated sustentacular and Schwann cells that
occurs in the human carotid body has not been
reported in the glomic tissue of spontaneously
hypertensive rats20 or of rats exposed to hypobaric
hypoxia.2930 Such considerations cast doubt on the
suitability of the carotid body of the rat as an animal
model for the human organ. Its reactions in disease
appear to be different from those seen in man.

All in all, there would appear to be a growing case
for taking more account of the carotid bodies and
for not dismissing them as of only passing and
peripheral interest to those concerned in the study
and treatment of lung disease. Pathologists might
even be encouraged to start examining the carotid
bodies in cases of cardiopulmonary disease coming
to necropsy.

DONALD HEATH
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