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Qamar Khan

ASPECTS OF CAROTID BODY PATHOLOGY IN MAN

The study described in this thesis began with an
investigation of the anatomical variation which may occur
in the human carotid body. It was possible to distinguish
in addition to the classic ovoid form, bilobed, double
and leaf-shaped variants. A study was then made to show
how these variants may be distinguished from the
pathologically enlarged carotid body on the basis of
weight. The next investigation was carried out to show
how the glomic tissue responds histologically to the
stimulus of hypoxia without co-existing disease. For this
purpose the carotid bodies of native highlanders from
Ladakh were employed. They showed increased numbers of
the dark variant of chief cells which had characteristic
voluminous cytoplasm forming streamers containing many
intracytoplasmic vesicles. Immunocytochemical studies
showed them to contain considerable amounts of the
peptide met-enkephalin. Studies on the carotid bodies of
the elderly unearthed a new pathological condition which
I have designated 'chronic carotid glomitis'. This is
characterised by focal aggregates of lymphocytes and
plasma cells. Chronic carotid glomitis begins in middle
age and becomes increasingly common with advancing years.
It is not related to any co-existing systemic disease but
seems to be a response to the degenerative changes that
occur with age. The histological appearances suggest that
ageing nerve fibrils may provide the antigenic stimulus
for its development. This disease is a distinct entity
and not an extension of other chronic inflammatory
conditions. Autoimmune focal chronic thyroiditis develops
as early as the sixth decade whereas chronic carotid
glomitis occurs later in life in the eighth and ninth
decades. However, the histological appearances of these
two conditions are similar, raising the possibility that
both have a basis in autoimmunity. Chronic glomitis is to
be found in the glomus pulmonale just as it occurs in the
carotid body and hence seems to be a disease process
which affects at least two members of the non-chromaffin
paraganglionic system and possibly more.
Immunocytochemical studies on abnormal human carotid
bodies either showing histological features of
sustentacular cell hyperplasia, dark cell prominence or
chronic carotid glomitis demonstrated that the
distribution of leu- and met-enkephalin does not differ
from that found in the normal carotid body.
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CHAPTER ONE

INTRODUCTION




The anatomy and physiology of the carotid body are
almost exclusively studied in 1laboratory animals by
research workers. The macroscopic and histological
features of human carotid bodies, their reaction to
environmental conditions of hypoxia, and their diseases
are very rarely examined by the morbid anatomist at
necropsy. As a consequence pathologists are very ill-

informedon the behaviour of these glomera in generalised
disease and on disease peculiar to the carotid bodies. At
post mortems it is customary to take blocks of tissue
from certain organs routinely so that over the years the
histopathologist become very familiar with the
microscopic changes that occur in say the kidney or the
liver in a wide variety of conditions. This is not the
case for the carotid bodies which are readily accessible
and represent the main chemoreceptor in man. One would
anticipate that the organ of chemoreception would show
many changes in cardiopulmonary disease associated with
hypoxaemia. In fact the pathologist never seeks out this
information at necropsy and as a result the clinician
never becomes aware of the abnormal changes that are to
be found in the human carotid body. The histopathologist
has confined his attention to the neoplasm of the carotid
body, the chemodectoma. This is because he receives such
material in the course of his surgical histopathological
duties demanding the ensuing of a report to the surgeon

concerned for an individual patient actively under



treatment. The tumour also has a very characteristic
histological appearance of 'Zellballen' which has come to
form part of the classic repertoire by microscopic
diagnosis.

The neglect of the pathology of the carotid body is
part due to the fact that dissection and examination of
it has traditionally never formed part of the performance
of a routine post mortem. One suspects too that the
pathologist may think that such an examination of the
carotid bodies requires serial sections which are time
consuming and only vyield information 1long after the
necropsy. In reality the carotid body takes only a few
minutes to dissect at necropsy (Chapter 2) and can be
evaluated immediately 1like the other viscera. As a
consequence of this neglect of the carotid bodies in the
post-mortem room very limited attention is paid to them
in textbooks of general pathology for medical students.
Hence the ignorance of the pathology of these organs in
man passes from one generation to the next, resulting in
a peculiar imbalance in our knowledge of this organ. It
is true to say that our views on the structure and
behaviour of the human carotid body is based largely on
knowledge of the chemoreceptors in laboratory animals.
The unwarranted assumption is made that data acquired
from a young rat, cat or rabbit can be applied without
reservation to man.

This thesis is an attempt to redress to some extent



this current imbalance in our knowledge of the pathology
of the human carotid body. Only certain aspects of this
void can be investigated in the limited period available
in a research studentship leading to a Ph.D. The study
began with an investigation of the considerable
anatomical variation that is to be found in the carotid
bodies of man, and an examination of the criteria by
which such variation can be distinguished from disease
states. De Castro (1926 & 1928) from his histological
studies developed the intuitive idea that the carotid
body is concerned with chemoreception. The concept was
subsequently corroborated by distinguished physiologists
who perfused isolated carotid bodies of experimental
animals with hypoxic, hypercapnic and acidic solutions
whilst recording the frequency of nerve impulses in the
sinus nerve (Heymans et al., 1930). The great sensitivity
to hypoxia were confirmed. Accordingly the next part of
this thesis is concerned with a study of the histological
changes that occur in the carotid bodies in response to
environmental hypoxia, free of disease that is extant in
the great mountain range of Ladakh in Northern India.

The population of the United Kingdom is showing
progressive ageing and it seemed of interest to see what
age-changes occur in the carotid bodies of the elderly.
This investigation unearthed a new disease entity which I
have designated 'chronic carotid glomitis'. It proved to

have histological features very reminiscent of auto-



immune disease and for this reason its association with
was studied.

auto-immune thyroiditis /| Finally the existence of such
chronic glomitis was sought in another component of the
non-chromaffin paraganglionic system, the glomus
pulmonale, to see if this was also an affliction of the
system as a whole rather than of only one component of
ik, the carotid bodies. Finally immunocytochemical
studies were carried out to evaluate the presence and
distribution of certain peptides in the human carotid
body in various abnormal histological states of the
glomic tissue.

During the past three years while my research work
has been proceeding various aspects of the unfolding work
has been published at various meetings in the United
Kingdom, Europe and the United States. These papers were
presented in conjunction with my supervisor, Professor

Donald Heath and Dr. Paul Smith who was also associated

with the studies. The meetings were:

Heath D., Khan Q., Smith P. & Norboo T.

The histology of the carotid bodies in highlanders from
Ladakh.

The International Society of Arterial Chemoreception
29th August - 3rd September 1988

University of Utah, U.S.A.



Smith P., Khan Q., Heath D. & Nash J.

Chronic carotid glomitis.

Pathological Society of Great Britain and Ireland
5th - 7th July 1989

University of Aberdeen.

Khan Q., Heath D. & Smith P.

Chronic carotid glomitis.

Seminar on Carotid Body Structure and Function
27th February 1990

University of Pisa, Italy.

Heath D., Smith P. & Khan Q.

The histologically abnormal carotid body.
Seminar on Carotid Body Structure and Function
27th February 1990

University of Pisa, Italy.

Smith P., Heath D. & Khan Q.

Peptides of the carotid body.

Seminar on Carotid Body Structure and Function
27th February 1990

University of Pisa, Italy.

A list of publications resulting from these
studies, and of papers currently submitted for
consideration for publication in medical Jjournals is
given in Appendix A. Reprints of papers already published

are included in Appendix B.
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CHAPTER TWO

ANATOMICAL VARIATIONS IN HUMAN CAROTID BODIES




The classic carotid body comprises an ovoid
structure situated between the arms of the carotid
bifurcation and arising from its angle (Figs.2.1 and
2.2). It is attached to its artery of origin by a short
stalk, the 1ligament of Mayer (Fig.2.l1l). This 1ligament
contains the glomic artery (Fig.2.l) providing the glomus
with its blood supply. The carotid body is known to be a
chemoreceptor, but it may yet have undiscovered
functions. In contrast, the carotid sinus functions as a
baroreceptor responding to changes in intravascular
pressure (Figs.2.l and 2.2).

The carotid body enlarges in conditions which cause
chronic hypoxaemia. Enlargement has been observed in
dwellers from the High Andes (Arias-Stella and Valcarcel
1973) and in such conditions as pulmonary emphysema
(Heath et al., 1970 and Edwards et al., 1971). Increase
in size is also known to occur in systemic hypertension
(Edwards et al., 1971), coarctation of the aorta (Heath
et al., 1986) and ventricular septal defect (Smith et
als, 1986) . However, every carotid body not
corresponding to the classic ovoid form is pathological,
for normal anatomical variants in both form and location
have been reported (Smith et al., 1982). It is important
when making macroscopic assessments of the carotid bodies
at necropsy to be able to distinguish between normal
anatomical variants and those appearances that are of

pathological significance.



ica eca

CcCs cb

Ml
gd

Flig.2.1

Diagram to show the major vascular connections of the
carotid bifurcation. cca= common carotid artery; eca=
external carotid artery; ica= internal carotid artery;
cs= carotid sinus; cb= carotid body: Ml= Mayer's

ligament; ga= glomic artery.

Fig.2.2

Left carotid bifurcation from a woman of 56 years with
bronchial carcinoma.The carotid body, which weighed 8 mg,
is situated in the angle of the bifurcation and is of the
classic ovoid type. x3.
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It was thought to be important to study anatomical
variants of the carotid bodies to establish criteria that
allow one to distinguish appearances of pathological
significance from those of anatomical variation. The
study thereby allowed one to confirm or refute the
earlier conclusions of Smith et al., (1982).

Enlargement of the carotid body or anatomical
variation may be detected readily at necropsy. Contrary
to popular belief, dissection and examination of carotid
bodies at necropsy takes only a few minutes and may yield
additional morbid anatomical data in cases of heart and

lung disease.

MATERIALS AND METHODS

Carotid bodies for study were obtained from 100
consecutive subjects undergoing necropsy at the Royal
Liverpool Hospital. The details of the dissection were as
follows. A V-shaped incision was made into the skin
overlying the neck. This skin-flap was reflected upwards
to the lower margin of the mandible. The sternomastoid,
stylohyoid and digastric muscles were excised to expose
the carotid sheath. After dissecting the jugular vein,
the carotid sheath was freed from the vagus nerve and
underlying fascia. The common carotid arteries were
transected 5 cm below their bifurcation and the internal

and external carotid arteries 3 cm above the bifurcation

Xl



(Fig.2.1). Both dissected specimens were then removed and
pinned to cork boards. The adventitial fat and loose
connective tissue were stripped off using fine dissecting
scissors, starting from the common carotid artery and
working distally (Fig.2.3). The carotid body was left
intact attached to the surface of its artery of origin by
the fibro-elastic ligament of Mayer containing the glomic
artery (Fig.2.1l). Following dissection the carotid bodies
were photographed in situ.

The carotid bodies were examined to see what form
they had assumed either as a result of pathology or of
anatomical variation. The occurrence of the different
variants was noted as were the variations in their
position, based on the origin of the glomic arteries
supplying them. After completing the dissection the
carotid bodies were then weighed on an electric weighing

balance.
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Fig. 2.3

Left carotid bifurcation from a woman of 81 years with
ascending cholangitis. The carotid body originates from
the anterior surface of the bifurcation. It is being
dissected away from the ascending pharyngeal artery. X2.

Fig.2.4

Right carotid bifurcation from a man of 51 years dying
from myocardial infarction. There are two carotid bodies
(arrows), both 1lying on the inner aspect of the

bifurcation. The weight of the right pair was 12 mg. x3.
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RESULTS

It became apparent from the outset of this
investigation that the human carotid body does not always
have the classic ovoid form illustrated in Fig.2.2 but
may show one of a number of anatomical variations. The
appearance of these different types, together with that
of the classic type were as follows.

Ovoid

In the great majority of cases (84%) the carotid
bodies on both sides were single and ovoid, sometimes
with a pointed apex (Fig.2.2; Table 2.l1). They were
usually sessile with the glomic artery hidden beneath
them. Sometimes they were pedunculated, arising several
millimetres along the glomic artery. The colour of the
carotid bodies were usually reddish-brown or tan. These
single ovoid glomera were situated at the bifurcation in

most cases (Table 2.2).

Double

In an appreciable minority (7%), double carotid
bodies were found (Table 2.1) which occurred in various
positions. Frequently, both members of the pair arose at
the same site, such as the carotid bifurcation (Fig.2.4).
Occasionally they occurred at different sites. In one
case, one carotid body was situated at the bifurcation
while the other was supplied by a glomic artery arising

from the carotid sinus (Fig.2.5). The combined weight of

14



Table 2.1

Variations in form of the carotid bodies in 100 subjects
coming to necropsy.

Form Right Left
% %
Single ovoid 83 86
Double 7 6
Bilobed 9 7
Leaf-1like 1 1
Table 2.2
Position of the carotid bodies in 100 subjects coming to
necropsy.
Position Right Left
% %
Bifurcation 86 87
External carotid artery 7 9
Carotid sinus 5 2
Pharyngeal artery 2 2

15



FPige 2.

Left carotid bifurcation from a woman of 61 years with
coronary insufficiency. There are two carotid bodies, one
situated at the bifurcation (b), (2.5 mg), and the other
is over the left carotid sinus (s), (4.5 mg). X3

Fig.2.6

Right carotid bifurcation from a man of 43 years with
cirrhosis of the 1liver. The bilobed carotid body
(12 mg) arises from the carotid bifurcation. x3.
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double carotid bodies was similar to that of a normal
single one, since both members of the pair were

approximately half the normal size.

Bilobed

In a considerable number of cases (8%) the carotid
bodies were bilobed (Table 2.1). There were usually two
distinct apical 1lobes fused at their bases to share a
common ligament (Figs.2.6, 2.7, 2.8). Bilobed carotid
bodies were usually found at or near the bifurcation but
occurred at any site where single ovoid bodies were
found. In some instances the carotid bodies were V-
shaped (Fig.2.9) or T-shaped (Fig.2.10). These were
regarded as variants of the bilobed variety rather than
as distinct forms, the two lobes being fused to form a

common base.

Leaf-like
In two cases only the carotid bodies had a

leaf-like appearance (Fig.2.11).

Position of Carotid Bodies

In most cases the carotid bodies arose at the
bifurcation (86% on the right and 87% on the left).
Occasionally they were found to occur at the external
carotid artery (7% on the right and 9% on the left).
Sometimes they arose at the carotid sinus (right 5%, left
2%) and rarely from the ascending pharyngeal artery

(right 2%, left 2%; Fig.2.12).
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Fig.2.7

Left carotid bifurcation from a woman of 71 years with
bronchial carcinoma. The bilobed carotid body (11 mg) is
situated in the bifurcation. x3.

Fig.2.8
Right carotid bifurcation from a woman of 66 years with

acute myeloid leukaemia. The carotid body (15 mg) was
bilobed. x3.
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Fig.2.9

Left carotid bifurcation from a woman of 57 years dying
from congestive cardiac failure caused by mitral
stenosis. The carotid body (7 mg) was V-shaped and
arose from the bifurcation. x3.

Fig.2.10

Left carotid bifurcation from a woman of 81 years with
coronary insufficiency. The carotid body (8 mg) was T-
shaped and found to originate over the anterior aspect of
the carotid sinus. x3.
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Fig.2.11

Left carotid bifurcation from a woman of 66 years with
acute myeloid leukaemia. The carotid body (14 mg) was
leaf-shaped and was situated over the external carotid
artery. x3.

Fig. 2.12

Left carotid bifurcation from a woman of 46 years
with coronary insufficiency. The carotid body (5 mg) was
ovoid in shape and originated from the ascending
pharyngeal artery. x3.

20



DISCUSSION

This study confirms the observations of Smith et
al., (1982) that there is considerable variation in both
the form and location of the carotid bodies in normal
human subjects. It is important to be able to distinguish
between these purely anatomical variants and those
appearances that are of pathological significance.

The classic carotid body is a simple ovoid and
accounts for 84% of the cases. A high incidence (94%) of
this ovoid form was similarly found by Smith et al.,
(1982) . When this classic form undergoes enlargement, it
retains its smooth ovoid appearance (Fig.2.13) but it may
show signs of fine nodularity (Fig.2.14). 1In the present
series the most common variant is the bilobed form which
accounts for 8% of the cases closely followed by the
double form which accounted for 7% of cases. 1In the
previous study of 150 cases by Smith et al., (1982) the
double form was found in 3% and the bilobed form also in
3%. In my study these two anatomical variants accounted
for 15% rather than the 6% in the previous series. Their
earlier study did not sub- classify the bilobed forms and
hence there was no recognition of the v and T
variants described here. The leaf-like form described

here accounts for 1%, and has not been described
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Fig.2.13

Left carotid bifurcation from a man of 62 years with
panacinar emphysema and biventricular hypertrophy. The
carotid body is enlarged (combined carotid body weight of
43.9 mg) and ovoid with a smooth, cyanotic appearance.
x3. (Reproduced by the kind permission of Professor
Donald Heath)

Fig.2.14

Right carotid bifurcation from a man of 53 years who had
systemic hypertension and left ventricular hypertrophy.
The carotid body arises from the bifurcation and is
enlarged with fine nodularity. x3. (Reproduced by the
kind permission of Dr. Paul Smith)
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before. In summary, the classic carotid body in normal
human subjects is a simple ovoid but it has several
anatomical variants. In descending order of frequency
they are, bilobed form (including V and T types), double
form and leaf-shaped.

The hallmark of pathological abnormality in the
carotid body on macroscopic appearance is enlargement,
which indicates histological hyperplasia. Frequently when
the classic form of carotid body undergoes enlargement,
it retains its ovoid appearance with a smooth surface
(Fig.2.13), but occasionally it may show fine nodularity
(Fig.2.14) reminiscent of nodular hyperplasia. In cases
of chronic obstructive lung disease the carotid body is
cyanotic. The macroscopic appearance of coarse nodularity
(Figs. 2.15 and 2.16) described in carotid bodies has
been interpreted as a type of hyperplasia (Heath et al.,
1970). This interpretation may be incorrect, as it is
conceivable that hyperplasia and consequent enlargement
of a bilobed form, with remaining tags of adipose tissue
adherent to the carotid body, may create the spurious
impression of coarse nodularity. It is thus likely that
any of the above anatomical variants may undergo
enlargement, and present either with a smooth surface
or with fine nodularity.

In the great majority of cases (87%), the carotid
bodies arise at the bifurcation of the common carotid

artery. This confirms the finding of Smith et al.,
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Fig.2.15

Left carotid bifurcation from a man of 58 years with
pronounced left ventricular hypertrophy caused by
systemic hypertension. The carotid body has an apparent
coarse nodular appearance produced by enlargement of a
bilobed variant (combined carotid body weight of 55.8 mg)
X3 < (Reproduced by the kind permission of Professor
Donald Heath)

Fig.2.16

Left carotid bifurcation from a man of 56 years who had
severe panacinar emphysema, kyphoscoliosis and right
ventricular hypertrophy. The carotid body has an apparent
coarse nodular appearance possibly produced by
enlargement of a bilobed form. x3. (Reproduced by the
kind permission of Dr Paul Smith).
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(1982) who found that (88%) of the carotid bodies arose at
the bifurcation. 1In the present study 8% of the carotid
bodies arose from the external carotid artery and 4%
from the carotid sinus. Similar percentages of occurrence
were reported in the earlier series. The occurrence of
the carotid bodies on the ascending pharyngeal artery and
the common carotid artery are rare as shown by our
present observations and those of Smith et al., (1982) .
In both of these studies the occurrence on the pharyngeal
artery accounted for no more than 2%. In summary, the
great majority of carotid bodies occur at the bifurcation
of the common carotid artery. However, much less
frequently they may be found arising over the external
carotid artery, carotid sinus and rarely over the
ascending pharyngeal artery. It must be kept in mind that
the glomus may arise at any one of these atypical sites,
as otherwise one may fail to identify it or even
inadvertently damage it during dissection. When one
identifies one carotid body on either side of the neck,
further research is necessary to establish that there is
not a second carotid body on the same side. Furthermore,
in the majority of cases these atypical locations are
unilateral. It cannot be assumed that because a carotid
body arises from the bifurcation on one side of the neck
it will necessarily be found in that position on the

other.
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The considerable degree of anatomical variation in
both form and location of the carotid bodies in man is a
reflection of that fourd in other mammals. For example,
in the rabbit the carotid body may be located anywhere
from a position immediately above the bifurcation to a
point lying close to the carotid sinus; or may be found
dorsomedial to the internal carotid artery (Chungchareon
et al., 1952). The size of the rabbit carotid body was
found to vary in relation to the size of the animal.

Variability in both the form and location is again
expressed in the dog. The carotid body in the dog lies
medially in the bifurcation (Hovelaque et al., 1930), and
is intimately attached to, and may even be folded over or
wrapped around the origin of the occipital and ascending
pharyngeal arteries. In contrast, Kahn (1929) states it
is never in direct relation with the great vessels,
Gerard and Billingsley (1923) state that it may take the
form of scattered nodules in the walls of the common and
external carotid arteries at or near the bifurcation
(never, however, more than a centimetre away); and
Merklen (1952) suggests that aberrant nodules may coexist
with a carotid body proper.

The carotid body in the horse was discovered by
Mayer in 1833. According to Boissezon (1936), the carotid
body of the horse may be compact or 1lobulated. Several
lobulations may arise from the main mass. The main mass

often lies in the bifurcation and is closely attached to

26









































































































































































































































































































































































































































































































































































































