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Introduction

In 1786 Parry noticed the association between
enlargement of.the thyroid gland and the development of
exophthalmos. This observation was published in 1825,
following his death, in a collection of his unpublished
medical writings, but it did not receive general recognition.
In 1835 Graves re-described the syndrome which since then
has been known as Graves'! disease, but it is also sometimes
called Basedow's disease following the detailed description
of the condition by Basedow in 1840.

The problem of the nature of exophthalmos occurring
in relation to endocrine dysfunction has been studied extensively
during the past century in the fields of clinical and
experimental medicine, and yet, despite the mass of facts
which have been presented and the many hypotheses which have
been evolved during that time, there is still no true under-

standing of the basic nature of the exophthalmic process.



During the nineteenth century scientists regarded the
nervous system as the sole co-ordinator of the functions
of the body. It is natural, therefore, that the mechanism

of exophthalmos should have been sought within these confines.

The dawning of the present century saw the rising
of thé concept of a chemical regulation and co~ordination of
bodily functions. From this tliere has emerged the science
of endocrinology which has provided a great impetus to the
study of experimental exophthalmos by opening up an entirely

different field of investigation.



Aim and Scope of this Study.

It is the purpose of this thesis to correlate as many
as possible of the observations which have been made on
endocrine exophthalmos and which contribute in any way to a
deeper understanding of the fundamental mechanism in the
production of endocrine exophthalmos. Certain of my own
observations will also be included in the relevant parts of
the text. This is, in part, a review, and it is hoped that
every aspect of the problem will be dealt with fairly. To
this end many conflicting views will be put forward, but it
may be that when they are seen in their true perspective
some of the apparently contradictory pieces of evidence will
help to build up a clearer synthesis of the disease pattern,
so that, as stated by Haines (1950) the ultimate answer to the
problem will be achieved as a result of co-operation with other
observers in tolerance and understanding, and as a result of a
consideration in each programme of all the varied phases of the

conditione.



Classification of Endocrine Exophthalmos

There is a conflict of opinion on whether the two
main forms of endocrine exophthalmos, first, that which appears
to be dependent solely on thyrotoxicosis (thyrotoxic exophthalmos)
and, secondly, that which although sometimes associated with
thyrotoxicosis is apparently unrelated to it (thyrotrophic
exophthalmos), are manifestations basically of the same
hormonal disturbance, or whether they represent separate
entities with different mechanisms. -The terms thyrotoxic
and thyrotrophic exophthalmos were put forward originally by
Mulvany (1944).

Endocrine exophthalmos as a unitary concept

The exophthalmos of toxic diffuse goitre and the
exophthalmos of a more progressive type which usually follows
anti-thyroid treatment may be considered as fundamentally similar
in nature (Rose, 1952, 1953; Devoe, 1954), and such a concept
has found favour by Aterman (1954a) because of his finding that
experimentally induced exophthalmos may be of all grades of
severity despite the fact that the same basic method is used
in its production.

It has been suggested by Brain (1955) that the difference
between the thyrotoxic and thyrotrophic forms of exophthalmos may

depend on the acuteness of the pathological process, on the



difference in the relative activities of the various hormones
concerned in the pluri-glandular syndrome all of which are
influenced by a basic hypotha#?ic-pituitary disturbance, and
on the difference in the degree of responsive activity of the
thyroid gland. In this way the thyroid gland may be regarded
as the controller of the pituitary gland which acts as the
producer of exophthalmos (Mlartens, 1947), and the differences in
the clinical and pathological pictures df the two forms of
exophthalmos are quantitative rather than qualitative (Soley, 1942;
Hedges and Rose, 1953; Lamberg, 1954) with progressive
exophthalmos as a more advanced stage of the exophthalmos of
thyrotoxicosis (Pochin, 1945, 1946; Dresher and Benedict, 1950),
or that the two conditions are similar in nature due to a common
process which acts with differing severity, mildly in the thyro-
toxic type and severely in the thyrotrophic type (Rundle and
Pochin, 1944). Friedgood (1941) has termed the exophthalmos of
Graves'! disease and the malignant form of exophthalmos as
reversible and irreversible phases of the same phenomenon.
Pathologically, Falconer and Alexander (1951), Ellis
and Long (1953) and Iversen (1954) have failed to find any real
distinction between thyrotoxic and thyrotrophic exophthalmos, and
Day and Werner (1954) have shown that there is no significant
difference between cases of mild and severe exophthalmos in the

rates of removal of radio-active sodium following its injection



into the orbital fat. Furthermore, although there is evidence

of a difference in the intra-orbital tension in the various forms
of exophthalmos of Graves' disease (Copper, 1948), this difference
would appear to represent a gradual variation from one case to the
other so that the cases are not amenable to a division into two
clear-cut categories (Kearns, Henderson and Haines, 1953).

Endocrine exophthalmos as a dual concept

There are many protagonists of the hypothesis that there
is a true and basic distinction between the thyrotoxic and the
thyrotrophic forms of exophthalmos (Mulvany, 1944, 19523 Brain,
1945, 1946; Azé%ad, 1948; Braley, 1948, 1953; Adler, Scheie
and Dennis, 19493 Johnson, 1949; Purves and Griesbach, 1949;
Ruedemann, 1949; Talwalker, 1949; Hirsch, 19503 Falconer and
Alexander, 1951; de Gennes and others, 19513 Reeh and Singer, 1953),
a distinction which is of practical importance from a therapeutic
point . of view (Beierwaltes, 1948, and Schlossman, 1953). Chandler
(1950) also recognises two forms of exophthalmos which he calls
dysthyroid non-congestive exophthalmos and dysthyroid congestive
exophthalmos, and Cordes (1954) applies the terms non-progressive
exophthalmos and progressive exophthalmos; names which describe
the thyrotoxic and thyrotrophic forms of exophthalmos, respectively.

There is evidence that the exophthalmos which occurs as

a primary manifestation of Graves' disease is toa large extent an

apparent exophthalmos due to 1lid retraction (Braley, 1948, 1953;



Johnson, 1949), and 1id retraction would appear to be a separate
phenomenon from exopthalmos. For example, it has been shown that
although thyroxine administration may be followed by the development
of 1lid retraction it is never responsible for the production of
exophthalmos (Brain, 1952), and conversely, that although

successful anti-thyroid treatment in Graves' disease may cause a
reduction in the degree of 1lid retraction, it is often associated
with an increase in the degree of exophthalmos (Barr and Shorr, 1945;
Haines and Keating, 1946; Lederer and Hambresin, 1951). There is
also evidence that 1id retraction bears a direct relationship to the
toxicity of the thyroid gland, whereas exophthalmos bears an
indirect relationship (Copper, 1948).

It would appear that the ocular changes of the ophthalmic
form of Graves! disease (thyrotrophic exophthalmos) are not only
independent of the hyperthyroid state (Rundle and Wilson, 1945)
but are of ten related to a high level of thyrotrophic hormone (TSH)
in the serum, whereas the ocular manifestation of pure thyrotoxicosis
(thyrotoxic exophthelmos) are directly related to the hyperthyroid
state and are associated with a high level of thyroid hormone and a
low level of TSH in the serum, (de Robertis, 1948; d'Angelo and
others, 1949; Purves and Griesbach, 1949; Chandler and Hartfall,
1952).

Further distinctions between thyrotoxic and thyrotrophic
exophthalmos may be found from a pathological point of view

(Rundle, Finlay-Jones and Noad, 1953), from an eStimation of the



degree of retro-ocular resistance which is considered to be
normgl in thyrotoxic exophthalmos but increased in the thyro-
trophic phase (qune, 1945; Means and Stanbury, 1950; Ferguson,
1951), and from the response of the exophthalmos to irradiation
of the orbit which is usually a negative response in thyrotoxic

exophthalmos but a positive one in thyrotrophic exophthalmos.

It is apparent, therefore, that opinion is divided on

a classification of the exophthalmos of Graves' disease. It is
difficult to substantiate a purely unitary concept in view of the
obvious differences which exist between certain cases of exophthalmos.
On the other hand, some observers find it difficult to accept a dual
concept because of the fact that many cases exhibit é mixture of
the thyrotoxic and thyrotrophic effects (Copper, 1948; Dayton, 1953).

| It seems reasonable, however, to put forward the view that
thyroid hormone exerts a certain effect on the eye, either directly
or indirectly through the intervention of the sympathetic nervous
system, whereas TSH (or some other related hormone) influences the
eye in a different manner. In this way a purely thyrotoxic form
of exophthalmos or a purely thyrotrophic form of exophthalmos may
be produced, although in the majority of cases there is a mixture
of the two effects (Spaeth, 1952, 1953a), usually with a
preponderance of one of the effects, so that certain features of

both forms of exophthalmos may be present at the same time. Such



a concept has been elaborated by Mann (1945, 1946a and b, 1950,

1951) who differentiates between three types of exophthalmos; first,
exophthalmos due to thyroxine excess, secondly, exophthalmos due to
TSH excess, and, thirdly, exophthalmos due to thyroxine and TSH
excess. Similarly Means (1945) recognises three forms of Graves!
diseasey first, thyrotoxicosis without ophthalmopathy, secondly,
thyrotoxicosis with ophthalmopathy, and, thirdly, a hyperophthalmo-
pathic type which may be associated with hyperthyroidism, euthyroidism

or hypothyroidism.

In any case the separation of exophthalmos into
its thyrotoxic and thyrotrophic forms, even if unscientific, gives
a useful clinical division (Porter and Walker, 1955) because they
represent separate phases of the disease. They will be considered

- separately in this thesis.
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PART I. Exophthalmos Related to Thyrotoxicosis
(Thyrotoxic Exophthalmos).

Effects of excessive thyroid gland secretion

In thyrotoxicosis there is an excessive amount of
circulating hormone which is secreted by the thyroid gland.
This hormone was isolated by Kendall in 1915, and in 1919 he
termed it thyroxine. Thyroxine was synthesized by Harington(1926).
The metabolic fate of thyroxine is de=~iodination (Benua, Albert
and Keating, 1952). Rosenberg (1951) investigated the plasma
of six cases of hyperthyroidism, following administration of a
therapeutic dose of radio-active iodine (1151), and he found
that practically all the labelled organic iodine in the plasma existed
as a single substance indistinguishable from thoyroxine.

A measurement of the uptake of radio-active iodine by
the thyroid gland may be regarded as a sensitive measure of thyroid
gland function (Paschkis, Cantarow and Peacock, 1948), an increase
in uptake indicating a hyperfunction and a decrease in uptake
indicating a hypofunction, but Albert, Tenney and Ford (1952)
considered that the amount of thyroid hormone secreted by the gland
is a more accurate measure of function than the amount of hormone
accumulated in the gland. Myant, Pochin and Goldie (1949)
measured the amount of plasma cleared of iodine per minute, and they
regarded this as a measure of thyroid function; in thyrotoxic states

there is an increased clearance ratee.
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Ruedemann and Corrigan (1953%) have emphasised that the
measurement of the basal metabolic rate is not necessarily a true
indication of thyroid function because‘it is a measurement of total
gland function. They found that if a Geiger counter is applied
to the surface of the thyroid gland, follbwing the administration
of radio-active iodine, small islands of hyperactivity may be found
even when the basal metabolic rate is not unduly faised, and they
considered that these islands may be of éignificance with regard
to the relation of thyroid gland function to the occurrence of
exophthalmos.

There are very few reports of pure thyroid administration
. being connected with the production of experimental exophthalmos,
although Grobstein and Bellamy (1939) induced marked exophthalmos in
this way in sexually immature fish (platypoecilus). Kunde (1927)
produced slight exophthalmos with widening of the palpebral fissure
in rabbits following administration of thyroxine. Similar
experiments in the dog, however, gave negative results. ©Smelser (1957)
showed that thyroxine causes exophthalmos in guinea-pigs, and Pochin
(1944) demonstrated that this recession of the globe is due to a
loss of orbital tissue. An interesting type of exophthalmos
was found occurring spontaneously in certain young trout-fry
(Hamre and Nichols, 1929 ). It was associated with marked hyper-
plasia of the thyroid gland, muscular weakness and emaciation.

The condition could be prevented by the administration of iodine,

and the primary upset appears to have been an excessive secretion
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of thyroid hormone with the production of muscular weakness
and exophthalmos.

Similarly in man, treatment with thyroid hormone
has only rarely been associated with the production of
exophthalmos. One of the earliest of such cases was described
by Lawford in 1900. Brain (1936) demonstrated the production
of unilateral exophthalmos and 1lid retraction in a woman who
had been on thyroid therapy for many years. The exophthalmos
subsided on discontinuing the thyroid extract. At that time
Brain could only find eighteen similar cases in the literature.
Justin—Besangon, Kohler and Schiff-Wer%éimer (1934) found that,
although thyroxine alone failed to produce exOphthdlmos, it did
sensitise the eye to sympathomimetic drugs so that the joint
administration of thyroxine and ephedrine produced some
exophthalmos in a case of Graves! disease.

An excessive amount of circulating thyroid hormone
appears to be respénsible for the production of two main

effects: -~

(1) Increased excitability of the sympathetico-

adrenal system (sympathicotonia).

Gellhorn and Feldman (1941) showed that in rats the

administration of thyroxine causes a marked increase in the
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excitability of the sympathetic nervous system. It is possible
that thyroxine acts by sensitising the tissues to circulating
adrenaline (Blau and McNumara, 1930), and it has been shown
that thyroidectomy may be followed by a rapid diminution in
sensitiveness to adrenaline (Eppinger and Levine,‘1934). It

is believed that thyroxine may exert this effect because of its
ability to decrease the amount of amine oxidase within the liver,
because it is known that amine oxidase is responsible for the
destruction of adrenaline (Spinks and Burn, 1952). In this

way thyroxine mzy potentiazte the action of adrenaline. The
increased excitebility of the sympathetico-adrenal system is
termed sympathicotonia (Barger and Dale, 1910).

A profound disturbance of the sympathetic nervous
system is a characteristic feature of Graves! disease (Benedict,
1935), and, in fact, most of the manifestations of the condition,
tremor, sweating, palpitations, etc., are sympathicotonic in
nature (Kessel, Hyman and Lande, 1923). Evidence of some central
sympathetic disturbance has been shown by a pupillographic
study in 21 out of 22 cases of hyperthyroidism (Givner, Bruger
and Lowenstein, 1947). Brock (1941) noted that a derangement of
thyroxine secretion is followed by a derangement of other endocrine

glands, particularly the adrenal medulla.
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(2) Myasthenia of striated musculature.

There is considerable evidence that thyrotoxicosis
may be associated with weakness of the striated muscles.
Ayer, Means and Lerman (1934) demonstrated a case which
devéloped prqgressive weakness of all the skeletal muscles
in association with exophthalmic goitre. Thyroidectomy
caused an improvement in the thyrotoxicosis and in the
myopathy. In a case described by Fagin, Pagel and Sand
(1944) weakness of the hands and arms was associated with
weakness of the extra-ocular muscles. Starling and others
(1938) reported two similar cases, in one of which there
was obvious involvement of the extra-ocular muscles, with
an improvement of muscular power following thyroidectomy.
McEachern and Ross (1942) described three further cases of
this type. An acute thyrotoxic myopathy, which is usually
rapidly fatal, has also been reported as a rare complication
of thyrotoxicosis (Heuer, 1916).

Lahey (1926) considered that weakness of the
quadriceps femoris muscle is characteristically found in
thyrotoxicosis, and he devised a clinical test to assess the
power of the muscle in such cases. Shorr, Richardson and
Wolff (1933) found a creatinuria in Graves' disease, and
Marine (1940) reported a great reduction in the phospho-

creatine content of the striated muscles. The inability
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to retain ingested creatine indicates an upset in the
phosphocreatine mechanism, and is further evidence of some
abnormality of the striated musculature in thyrotoxicosis.
The myasthenia of the striated muscles has been attributed
to the direct action of excessive thyroid secretion on the
muscle fibres (Brain,1938; Haines, 1939), and Haines found
that the muscle Weékness increases on the administration of
desiccated thyroid.

Smelser (1944) suggested that the effect of
thyroxine on the muscles mighf not be a direct one bn the
muscle fibres, but that it might be an indirect one
dependent on the chenge in water content of the muscles
following thyroxine administration. He found an increase
in oxygen consumption of the extra-ocular muscles of the
guinea-pig treated with thyroxine, but,after allowance
had been made for the associated alteration in water
content of the muscles, this increase was scarcely
significant. This may indicate that the primary defect
is an altered water balance.

Rundle and Pochin (1944) showed that in
thyrotoxicosis there is an increased fat content of the
extra-ocular muscles and of the levator palpebrae
superioris muscle. This increased fat content occurs
in direct proportion to the normal fat content of the

muscles, and this suggests that the underlying mechanism
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is an abnormal regulation of normal fat metabolism
rather than a generalised deposition of abnormal fat.
Similar fatty changes occur within the skeletal muscles
although to a lesser degree of intensity. More recent
work (Pochin and Rundle, 1949) has shown that the
increased adipose tissue is a new tissue increasing the
total bulk of the muscles and not merely & simple
replacement of degenerated muscle fibres. These fatty
changes which occur in thyrotoxicosis are particularly
striking when one remembers thet it is a wasting disease
with loss of much general adipose tissue, a finding which
has also been reported experimentally in rats (licKay and
Sherrill, 1941).

The muscle weakness in Graves' disease is not
due to any failure at the myo-neural junction, as in
myasthenia gravis, and the weakness does not improve ﬁith
prostigmine therapy, although, of course, myasthenia
gravis may co-exist with thyrotoxicosis (Fraser,l937).
Brody (l94l)'produced experimental evidence which conflicts
with the concept of a normal myo-neural Jjunction because
he found that the iﬁgestion of thyroxine in rats caused a

decreased level of neuro-muscular activity. It is difficult,

however, to assess the significance of this finding because
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Brody obtained a similar decrease in neuro-muscular
activity as a result of thyroidectomy. Thorner (1939)
considered that Graves' disease and myasthenia gravis are
mutually antagonistic. He based this conception on the
improvement which occurred in the muscle weakness, following
the onset éf thyrotoxicosis, in a case of myasthenia gravis,
and also on the fact that he found some improvement in‘cases
of uncomplicated myasthenia gravis treated with thyroid
extract. This see-saw balance between the two conditions

has been shown also by McEachern and Parnell (1948) and by
MacLean and Wilson (1954), because they found that the
successful treatment of the‘hyperthyroidism which

co-existed with myasthenia gravis caused a deterioration

of the latter condition.
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Mechanism of thyrotoxic exophthalmos.

It has been shown, in the discussion on the
classification of endocrine exophthalmos,that it is difficult
to establish a purely thyrotoxic form of exopnthalmos, as
distinct from the thyrotrophic form of exophtinalmos which
will be discussed in the next part of this thesis. In fact
it may be that the only true thyrotoxic ocular manifestations
are those associated with the eyelids (1id retraction, etc.),
as suggested by Bonamour and Rougier (1951) and Philps (1953),
and that exophthalmos has a uniform hormonal basis irrespective
of whether it occurs in a hyperthyroid or a hypothyroid
vhase, so that 1lid retraction anc exophthalmos may have
entirely different mechanisms (Brunton,1946). It is certainly
significant that there is seldom any correlation between the
degree of exophthalmos and the height of the basal metabolic
rate (McCullagh, Ruedemann and Gardner, 1946).

This part of the discussion is concerned, however,
with the ways in which exophthalmos may occur as a result

solely of thyrotoxic influences.



There would appear to be three possible mechanisms

in the occurrence of exophthalmos in thyrotoxicosis:-
(1) Exophthalmos due to smooth muscle overaction.

This theory is based on the knqwn sympathicotonic
effects of thyrotoxicosis.

It is interesting to recall that an upget of the
sympathetic nervous system was the basis of the earliest
theory of exophthalmos production, following the demonstration
by Claud Bernard (1852) that section of the cervical
sympathetic nerve trunk in the dog causes enophthalmos and
ptosis? whereas stimulation of the cephalic end of the cut
nerve produces exophthalmos and 1id retraction. This
observation has been repeated many times since then using
different animals, for ekample, by Marine and Rosen (1934)
in the rabbit, and by Cznnon, Binger and Fitz (1915) in the
cat. Code and Essex (1935) enucleated the eye of the dog and
then fixed a rubber balloon within the socket. On cervical
sympathetic nerve stimulation an increased pressure was
recorded within the balloon. Essex and Corwin (1936,;1937)
demonstrated a fallacy in certain aspects of these

experimentel findings. .lany of the anaesthetics used in
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the experiments produce an enophthalmos. The exophthalmos

which occurs on nerve stimulation is, therefore, to a certain

extent a recovery of the eye from the énoPhthalmic position

although there is also a small amount of true exophthalmos.
There is 1little doubt about the mechanism of

this experimental exophthalmos in animals. It is closely

related to the action of the smooth musculature found:in

the region of the eye, and innerfated by the sympathetic

nervous system. There are several smooth muscles to be

considered.

Orbital muscle of Muller -

In 1858 Wuller described an orbital smooth muscle
which on contraction can produce exophthalmos.. Muller
described this muscle in man although he mentioned the
fact that it is better developed in thellower mammals.

It is now recognised that Muller's orbital muscle is only
properly developed in animals which have an incompletely
formed bony orbit and, therefore, require a powerful

orbital muscle to help to maintain the eye in its normal
position. In man the orbital muscle is a vestigisal
structure lying in the inferior orbital fissure. It cannot
affect the position of the eyeball either direétly following

contraction of its muscle mass, or indirectly by impeding
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the venous outflow from the orbit (Whitnall,l932). Foster
Moore (192%) dissected s large series of orbits without
finding any significant evidence of Muller's orbitel muscle.
Brunton (19%8) examined this muscle in six cases of Graves'
disease and found no evidence of any hypertrophy. There is
no justification, therefore, for the view (Kravitz and
Moehle, 1941) that exophthalmos in hyperthyroidiem is due
to contraction of LlUller's orbital muscle.
Peribulbar smooth musgcle -~
This is an ill-defined mass of smooth muecle fibres
surrounding the anterior half of the globe and closely
associated with Tenon's capsule. This muscle band was
described in detail by Hesser (191%). Some of the fibres
are attached anteriorly to the orbital septum and others
come into association with the superior and inferior
palpebral muscles of Muller. Pocteriorly the fibres
fade away indefinitely, although a few fibres blend with
the fascial expansions given off by the recti muscles at
their points of attachment to the globe (Seppey,1869).
Landstrom (1907) believed that the peribulbar smooth
muscle is capable of causing protrusion of the globe.
lorley (1936) hac sugrested that in Uraves' dicvense these

bands of smooth muscle may combine %o iform = cetapult so
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that the eyeball is projected forwards. lulvany (1944) believed
that the muscle is capable of exerting an effect on the globe when
associated with weakened extra-ocular muscles. Normally the recti
muscles have a retracting influence on the globe.

On the other hend Whitnall and Beattie (193%3)
dismissed Landstrom's muscle by merely attributing to it the function
of retraction of the conjunctiva during movements of the eye in a
horizontal plane. Code and Essex (1935) showed that in the dog
Tenon's capsule plays no part in the production of exophthalmos following
stimulation of the cephalic end of the cut cervical sympathetic nerve.

Periorbital smooth muscle -

Russell (1936) has claimed that there is a moderate
amount of smooth huscle within the periorbita, especially on its laterszl
aspect. The muscle fibres run in a circular direction parallel to the
equator of the globe. She thought that there may ve sufficient muscle
in this situation to produce a certain degree of exophthalmos. The
periorbita was examined histologically in 9 cases of Graves' disease
but there was no evidence of hypertrophy of the muscle fibres.

There is, therefore, no conclusive anatomical evidence °
of any smooth musculature capable of producing and sustaining exophthzlmos
in man, and there are no grounds for accepting the Editorial Comment
(Jour. Amer. med. Lssoc., 102, 2188. 1934) thut exopnthalmos iz simply
the result of hypertonicity of orbitasl smooth muscle. This is in
keeving with observations which have been .ade in man following stimulstion

of the cervical syupathetic nerve. Benedict (193%¢) stimulated the
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cervical sympathetic nerve electrically during operations on the neck,
and found no change in the position of the'eye as shown by exophthal-
mometric recordirigs. A similar negative result was obtgined by
Pochin (1939a) and Friedgood (1941).

On the other hand there are smooth muscle fibres within
the periorbital tissues which may be implicated in the exophthalmic
process. It is interesting that Friedgood (1941), although he did not
produce exophthalmos in normal subjects by cervical sympathetic nerve
stimulation, found that exophthalmos, already present in a case of hyper-
thyroidism, increased by 3%-4 mm. on similar stimulation. This may
be evidence that there is mcre than one factor responsible for the
production of exophthalmos in thyrotoxicosis.

A rapid reduction in exophthalmos in Graves' disease
following bilateral cervical sympathectomy has been reported
(Jonnesco, 1897), but some of this improvement may have been due to
a decrease in the degree of 1lid retraction, and Juler (1913) did not
obtain any dramatic reduction in excphthalmos in a case treated in a
similar way. Labbé‘and others (19%3) have shown that yohimbine, a
sympatholytic agent, may lessen exophthalmos in certain cases, and they
concluded that there is a sympathetic element in exophthalmos, although
they stressed the presence of a hyperthyroid component which is not

influenced by the sympathetic nervous systeum.
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It has been suggested (Massoud, 1946) that sympathetic
stimulation may cause exophthalmos by producing a state of venou:
dilatation within the orbit. This is an unlikely mechanism,
however, in view of the different directions in which venous
blood may drain from the orbit; forwards into the facial veins,
downwards into the pterygoid venous plexus and backwards into
the cavernous sinus. There is no doubt that venous congestion
plays a part in the elaboration of the progressive type of
exophthalmos (thyrotrophic exophthalmos) which will be dealt
with in the next part of this thesis, but venous dilatation is

not the initiating force.
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(2) Exophthalmos due to striated muscle weakness.

This theory is based on the known weakness of the
striated muscles in thyrotoxicosis.

The extra-ocular recti muscles exert a retracting
influence on the globe, and, if this is weakened, it is natural
that there may be a tendency towards the development of exophthalmos.
This idea was put forward originally by Dalrymple (1834). The
recti muscles have been likened by Greene (1955) to the wires which
maintain a champagne cork in position, so that exophthalmos may
follow a reduction of their normal tonicity.

The lids also exert a restraining influence on the globe
so that even the normal eye moves forwards about one millimetre when
the lids are widely opened (Dayton, 1953), and it is possible that
this effect will be even more marked if there is an asspciated 1lid
retraction.

Parker (1922) reported a case of hyperthyroidism in which
complete luxation of both eyes occurred beyond the lids. Severe
manual labour appears to have been a contributing factor in this case,
but there must also have been a marked degree of hypotonia of the
ocular muscles. Rundle and Wilson (1944a) have demonstrated by
careful measurement that varying degrees of ophthalmoplegia occur in
nearly half of all cases of thyrotoxicosis. Wilson (1955) examined
at autopsy tiie extra-ocular and thigh muscles of eight cases of Graves'

disease, and he found that the muscles were all small and degenerate,
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He postulated that weakness of the ocular muscles may be a factor

in the production of exophthalmos. Plummer and Wilder (1935)

also suggested that weakness of the ocular muscles may allow some
forward displacement of the globe, and it is interesting thet they
found a positive correlation, in a series of cases of Graves' disease,
between loss of power of the gquadriceps femoris muscle and the
presence of exophthalmos. Smelser (1938&) found a decrease in

size of the extra-ocular muscles in guinea-pigs treated with
thyroxine.

Figs. 1 and 2 illustrate the occurrence of ophthalmoplegia
in two cases of thyrotoxicosis. In the case shown in fig. 1 there
was complete paralysis of the right superior rectus muscle with
overaction of the contralateral synergist (left inferior oblique).
There was also some paresis of the right inferior oblique. In the
case shown in fig. 2 there was an identical affection of the left eye.
In.both cases there was an improvement in the systemic condition
following thiouracil treatment, and also some improvement in the
ophthalmoplegia. It may be concluded, tnerefore, that to some
extent these cases exhibit an ophthalmoplegia of thyrotoxic origin,
although it must be remembered that in the majority of cases of
ophthalmoplegia associated with thyroid dysfunction the condition is of
a thyrotrophic type. This latter type of ophthalmoplegia is.not
relieved by anti-thyroid treatment (Zondek, 1951), and it will be

discussed in detail in the next part of this thesise.
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A cardinal feature of thyrotoxic exophthalmos is the
comparative ease with which the eye may be compressed backwards into
the socket (Crawford, 1952), an effect first noticed by Cooper (1849).
This has been accurately demonstrated by Copper (1948) using an
orbitonometer. Eas? of compression of tine eye is consistent with
the concept oi a mechanisa based on extra-ocular muscle weakness, and
it explains the disappearance of exophthalmos in some cases after
death. It may also help to explain the quite rapid fluctuations
which pay occur in the degree of exophthalmos (Bristowe, 1886)
because such fluctuations would be unlikely if exophthalmos‘is
determined solely by the presence of some new tissue within the orbital
cone.

There are reports of the ophthalmoplegia in thyrotoxicosis
benefitting from prostigmine therapy (Critchley and Cameron, 1948;
Greene, 1949; Hatch, 1952), but such cases usually exhibit a co-
existent myasthenia gravis.

It is convenient to note at this point that in spite of
the abundant evidence that a weakness of striated musculature may be
a characteristic feature of thyrotoxicosis, the opposite point of view
has been put forward by Daniel (1938) and Essex (1938) who postulated
that there is an increased tone of the striated mgscles in Graves!
disease. Daniel (1958) suggested that this increased muscle tone may
lead to a rise of venous pressure within the orbit with the production

of congestive oedema and exophthalmos. It is difficult, however, to
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substantiate this theory ih the light of the other known features

of the striated musculature in thyrotoxicosis.
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(3) Exophthalmos due to increased orbital fat.

It has been shown that in certain cases of thyrotoxicosis
there is a persistence of exophthalmos after death (Woods, 1946),
even when allowance is made for the normal post-mortem recession
of about 2.5mm. An increase in the amount of orbital fat has been
demonstrated in some cases of thyrotoxicosis (Rundle and Pochin, 1944;
Pochin, 1945, 19463 kundle, 1951). This is quite apart from the
fatty changes which occur within the extra-ocular muscles and which
~are more marked than the purely orbital fat deposits. The increased
fat within the orbit provides an explanation for the cases which show
s degree of persistent exophthalmos after death.

In an interesting experiment Pochin (1949) showed how
the adipose tissue found in the orbit may be purely secondary to the
forward protrusion of the eye. He introduced & small perspex frame
into the subcutaneous tissues of a rabbit. This formed a cavity
which could not be occluded by a mere displacement of the surrounding
tissues. The cavity became filled with fluid, presumably due to the
low hydrostatic pressure within the space, andvlater the fluid became
replaced by a solidbtissue. Pochin postulated that a similar process
may occur within the orbit following forward displacement of the eye
as a result of the weakness of the extra-ocular muscles. It mey be,
therefore, thet any fat which is deposited in the orbit in thyrotoxi-

cosis is the result and not the cause of the exophthalmos, and this
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concept is supported bLy the fact that the fat deposit is merely

an exaggeration of the normal adipose tissue within the orbit, and
not a deposit of some abnormal tissue unrelated to the normal orbital
fat (Pochin and Rundle, 1949). On the other hand, it has been
suggested that the laying down of fat within the orbit may bve
determined by some lipotropic hormone (Rundle, Finlay-Jones and

Noad, 1953).

The three possible mechanisms in the production of a
thyrotoxic type of exophthalmos have been detailed under their
separate headings, but it is more than likely that the exophthalmos
is the result of g combined action of all three mechanisms so that
the hypertonus of the orbital smooth muscles acts in conjunction
with the hypotonus of the extra-ocular striated muscles (Spaeth,
1937; Mulvany, 1944) thereby causing some forward protrusion of
the eye, and that this is followed by a fatty deposit within the

orbit.
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QOther Clinical considerations of thyrotoxic exopnthalmos.

Exophthalmos in thyrotoxicosis is commonly bilateral and
symmetrical (Rundle and Wilson, 1945), although Hedges and Rose (195%)
have found a difference of over 3 mm. in the degree of exophthalmos
in 9 out of 19 cases, and exophthalmos may even occur as a unilateral
phenomenon (Spaeth, 1937; Covitz, 19413 Dixon, 19413 Vail, 1948).
Unilateral exophthalmos has been reported at an early stage of the
disease before the appearance of any systemic manifestations (Kisner
and Mahorner, 1947), despite the fact that in general it is rere for
exophthalmos to precede the more general signs of the disease (Saltzman
and Mellicker, 1951). There is evidence, however, that unilateral
exophthalmos is rare if careful measurements are made of the other
eye (Naffziger, 1948; Drescher and Benedict, 1950), and Copper (1948)
has shown that examination with an orbitonometer may reveal early
involvenent of the apparently "unaffected" eye. In certain cases
a long interval may elapse between the early general manifestations of
the disorder and the onset of exophthalmos (Dayton, 1955).

There is no doubt that, provided a careful distinction
is drawn between true exophthalmos and apparent exophthalmos (1id
retraction), exophthalmos is not a universal feature of Graves!'
disease; in fact it only occurred in 19 out of 1%4 cases (Eden
and Trotter, 1942), in 6 out of 17 cases (Rundle and Pochin, 1944),
and in 18 out of 57 cases (Donoso, 195%). Exophthalmos is seldom
a marked feature of thyrotoxicosis, although Stokes (1954) described

a case of severe exophthalmos in a girl in which the exophthalmos
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subsided following the successful medical and surgical treatment

of the underlying Graves' disease. This response of the qxophthalmos
to anti-thyroid treatment suggests that the exophthalmos was
determined by the thyrotoxicosis, and was not, therefore, of

the thyrotrophic variety which is the more common form of severe
exophtﬁalmos, and which is not under discussion in this part of

the thesis,
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Mechanism of lid retraction in thyrotoxicosis

There is no gemeral agreement on the mechaniem
underlying the occurrence of 1id retraction in Graves' disease,
and two main theories have been put forward; first, that it is due
to an overaction of the smooth palpebral muscles, and, secondly,
that it is due to an overaction of the striated levator palpebrae
superioris muscle. An earlier theory (Stellwag, 1869) thut
the primary cause of 1lid retraction is a weakness of the orbiculaeriu
oculi muscle hag never found much favour and has been disproved by
Pochin (19%9b) who found a complete absence of any 1id retraction
in 15 cases of unilateral facial palsy.

There is, of course, & certsin degree of lid retruction
in all cases of true exophthalmos as a result merely of the mechanicul
effect of the protrvding globe on the eyelids, snd care must be
taken to exclude exophthalmos before arriving at an assessment of
1id retraction (Dayton, 195%). This discussion is concerned only
with 1id retraction which occurs as an independent phenomenon from

exophthalmos.



(1) Hypothesis that 1id retraction is due to overaction of the

smooth palpebral muscles of Maller.

The theory that overaction of the smooth palpebral
muscles is instrumehtal in the production of lid retraction was
put forward originally by von Graefe (1864), and has been restated
by many others since then (Marine and Kosen, 19343 Seitchik, 19423
Mulvany, 1944; Azerad, 1948; Klotz, 1948c; Braley, 1948 and 195%;
Dayton, 195%.) It is based on the following premises:-

(a) The fact that there are smooth muscles in

the upper and lower lids - the superior

and intferior palpebrol muscles of Muller.

The superior palpebral muscle of Muller arises between
the striated fibres of the levator palpebrae superioris muscle and
passes downwards to be inserted by fine fivbres into the upper
surface of the tarsal plate of the upper 1lid.

The inferior palpebral muscle of Juller is less distinct
than the corresponding muscle of the upper 1lid. It arises from the
fascial sheet of the inferior rectus muscle and passes forwards as
two lamellae one of which is inserted into the bulbar conjunctiva
whilst the other is inserted just behind the lower edge of the tarssl

plate.
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These smooth muscles are innervated by the sympathetic
nervous system, and their presence in the upper and lower lids
accounts for the fact thet the narrowing of the palpebral fissure on
the affected side in & case of Horner's syndrome is due, not onily
to a drooping of the upper 1lid, but also to a slight elevation of
the lower 1lid (fig. 3). This narrowing of the palpebral fissure may
also be produced temporarily by a blockage of the cervical sympathetic
nerve by local anaesthesia (Miller, 1953%). Conversely, it has been
shown that stimulation of the cervical sympathetic nerve in man causes
an obvious retraction of the upper 1lid and a slight retraction of the

lower 1id (Pochin, 1939a).

(b) The fact that 1lid retraction is a phenomenon
which may affect both the upper and the lower

lids.

There is no doubt that lid retraction is an effect
primarily apparent in the upper 1lid, bﬁt Hulvany (1944 ) has shown
that retraction of the lower 1id may occur and, in fact, may be the
earliest ocular manifestation of thyrotoxicosis in about 75% of
cases. Holloway, Fry and Wentworth (1929) also found that, although
retraction of the upper 1id ic the outstanding feature of thyrotoxicosis,

retrazction may occur to a lesser extent in the lower lid. This has

been investigated in a2 series of cases of Graves' disease.
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Examination of 1lid retraction in thyrotoxicosis.

| In most normal individuals, with the head held erect
and eyes directed straight forward, the lower 1lid just borders on
the lower corneal limbus. Lower 1lid retraction causes a distur-
bance of this relationship and an area of conjunctiva becomes
visible between the limbus and the lower 1lid margin. This visible
conjunctiva is termed the lower scleral rim, and it is illustrated in
figs. 4=T which show the phenomenon of lower 1id retraction as it
occurs in cases of mild thyrotoxicosis. In fig.4 there is retraction
of both lower lids, although the retraction is more marked on the
left side than on the right side. In fig. 5 there is an equal
degree of lower 1lid retraction inthe two eyes. An interesting
feature of these cases is the fact that the size of the lower scleral
rims did not always remain constant and that fine twitching movements
could be seen sometimes along the length of the lower lids which caused
an alteration in the extent of the lower scleral rims, evidence
surely of some active muscular disturbance.

It would appear that lower 1lid retraction, when it
occurs, may be only a transitory phenomenon. tVhen retraction of the
upper lid becomes effective there is a raising of the whole level of
the palpebral fissure of that eye and a conseguent masking of any
lower 1lid retraction. Upper lid retraction is, therefore, a more

powerful and dominant force than lower lid retraction. Figs. 6 and 7,
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showing cases of early thyrotoxicosis, illustrate this point. In

each case the left lower 1lid is retracted as compared with the right
lower lid but on the right side there is the additional feature of upper
1id retraction and it may be this which has caused the difference in

levels of the lower lids.

It is important in determining the presence of lower
1id retraction to exclude any true exopinthalmos. When an eye
becomes proptosed an area of conjunctiva becomes exposed between the
lower corneal limbus and the lower lid margin quite independently
of any lower 1lid retraction. Figs. 8, 9 and 10 illustrate this
occurrence, the lower scleral rims being determined by the presence
of exophthalmos. It is also important to exclude any structural
anomaly of the lids before attaching undue significance to the
presence of lower scleral rims. In certain normal individuals the
lower 1lid margin shows a pronounced curve downwards in its lateral
two-thirds, and this produces the appearance of obvious lower scleral

rims. Figs. 11 and 12 illustratethis point.
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(¢) The fact that lid retraction may be lessened

by a reduction in sympathetic tone.

It has been shown in certain cases of Graves' disease
that cervical sympathectomy causes a diminution in the degree of
1lid retraction (Edmunds, 1900; Jon:ésco, 1903; Shaw, 1929; Keynes, 1952),
and in fact, Brain (1952) has recomme:zded this operation in patients
who are distressed by the persistence of the staring appearance
despite the successful completion of the usual anti-thyroid
therapeutic procedures.

The cervical sympathetic nerve may be blocked by local
anaesthesia, and this causes a marked temporary reduction in 1id
retracticn (McCullagh, 195%). A reduction in sympathetic tone may
be achieved also by the use of sympatholytic drugs, and Givner, Bruger
and Lowenstein (1947) have noted that ergotamine causes a narrowing
of the palpebral fissure in cases of 1id retraction during the period
of its administration.

The effect of hexamethonium iodide, a sympatholytic
drug, has been noted on the positions of the lids in thyrotoxicosis.
It has been shown by Peston and Zaimis (1951) that hexamethonium may
block the retraction of the mnictitating membrane in the cat which
normelly follows cervical sympathetic nerve stimulation, and an
investigation has been carried out also on the influence of this drug
on experimentally induced 1lid retraction in the monkey. These

investigations will be reported now.



Examination of influence of hexamethonium iodide on 1lid retraction

in thyrotoxicosis.

An investigation has been conducted on the effect of a
sympatholytic drug, hexamethonium iodide, on the degree of 1lid
retrzction in three cases of early untreated thyrotoxicosis. In
two cases the efiect of the 1id retraction was predominantly on
on the lower lids, but in the other case retraction of the upper
lids was the outstanding feature, and there was no retrazction of
the lower lids. There was no true exovhthalmos in any of the cases.

The position of the lids was determined at five minute
intervals before and after the administration of 25 mgm. hexamethonium
iodide by intramuscular injection. The distance of gach 1lid margin
from the adjacent part of the corneal limbus was mezsured in milli-
metres, a positive value indicating retraction of the 1id from the
cornea, a negative value indicating overlapping of the 1lid by the
corneas Great cere was teken to ensure thst each measurement was
made under standard conditions, with the patients' head in an upright
position and the eyes in the primary position, so that it was possible
to obtain a comparable series of readings. A recording of the blood
pressure ﬁas made simultaneously in order to give further evidence of
the effectiveness of the druge

Figs. 1% and 14 show the effect of hexamethonium on
the upper and lower lids of the right and left eyes, respectively, of

one oi the cases showing retraction of the lower lids. It is epparent

that within 10 - 15 minutes of the sdministration of the sympatholytic
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drug there was a decreasevin the degree of lid retraction of'both
lids, and that this reached a maximum within 30 - 40 minutes
followed by a gradual return of the lids to their original
position. It may be noted that the blood pressure recordings
fluctuated in a similar manner to the changes in 1id position.
The other case showing lower lid retraction gave a comparable
result.

Figs. 15 and 16 show the effect of hexamethonium on
the upper lids of the right and lel't eyes, respectively, of the case
showing obvious upper 1lid retraction, and it is clear that the
drug brought about a gradual reduction in the degree of upper 1lid
retraction for a period of about 40 minutes. The lower 1lid is
not recorded in the charts because its position did not alter to
any significant degree during the period of observation.

It is suggested thot the absence of any dranatic effect
on the lower 1lid in this case is not evidence against the existence
of a mechanism within the lower 1id capable of being associated in
the process of 1lid retraction. If it is accepted that upper 1lid
retraction is the more powerful mechanism and that when it becomes
effective there is a raising of the whole level of the palpebral
fissure, then any reduction of lower 1id retraction due to the

administration of hexamethonium may be masked by the dropping of tne
level of the palpebral fissure following itne reduction of upper lid

retraction.
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Examination of influence of hexamethonium iodide on 1lid retraction

induced by sympathetic stimulation in the monkey

Three monkeys were used in the experiment and it is
known that both lids of the monkey contaln smooth muscle which is
capable of exerting a retracting influence on the lids. The smooth
palpebral muscle of the upper lid is shown in fig. 17.

A moderate degree of anaesthesia was produced Ey exposing
the monkey to ether vapour, ahd then anaesthesia was completed by
injecting chloralose through a cannula inserted into the femoral
vein. The chloralose was dissolved in water at a temperature of
55°C (10 mgm. chloralose per ml. water), and it was adainistered in
a dose of 100 mgm. chlorezlose ter . Kg. body weight. If the
experiment was prolonged an additional 100 mgm. chloralose was
given supplemented, if necessary, by 3 ml. of a nembutal solution
(l/lOth gr. nembutal per ml. water). The nembutal was also given
intravenously.

The anszesthetised monkey was placed in the dorsal
position with the head extended, sund the right side of the neck was
dissected through a paramedian incision to expose the carotid sheath
with its constituent vessels and nerve. This sheath was carefully
lifted to reveal the underlying cervical sympathetic nerve which
was placed on the groove of a stimulator, greast care being taken to
prevent any undue siretching of the nerve (fig. 16). The stimulator

was designed to administer a current of 15 volts with a frequency of
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20 cycles per seCon@ and a range'of one millisec. Each stimulation
persisted for 10 seconds. Before each period of stimulation the
nerve was carefully dried and covered by a dry swab, but at all other
times its integrity was maintained by being moistened with normal
saline. The effect of stimulation of the cervical sympathetic nerve
on the eye is shown in fig. 19, and it is apparent that it causes a
well marked retraction of both lids, particularly the lower one, with
an associated mydriasis.

During the period of observation the animal's head was
placed in a clamp designed to maintain the head in a set position. The
upper or lower lid margin of the right eye was attached fto an isotonic
lever by means of a fine suture which passed from the 1id in a
horigzontal plane so that it caused slight tension on the 1lid. Any
retraction of the 1lid resulted in a pulling on the suture with a
corresponding movement of the recording lever. This lever was placed
against a kymograph, set at a speed of 2 F so that 7 mm. of the tracing
was equivalent to one minute of time.

Figs. 20 and 21 show the effect of the administration of
one ml. hexamethonium intravenously (10 mgm. hexamethonium per ml. water)
on the degree of 1id retraction following stimulation of the cervical
sympathetic nerve, and it is apparent that hexamethonium greatly reduces
the ability of the stimulated mnervical sympathetic nerve to induce 1lid
retraction, although the effect is only transitory snd passes off

within about 10 minutes.
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(d) The fact that a correlation exists between the
degree of sympathicotonia and the degree of

1id retraction in thyrotoxicosis.

There is no doubt that many of the manifestations of
Graves' disease are of a sympathicotonic nature and it is, therefore,
an attractive concept to relate the occurrence of 1id retraction to
this mechanism, particularly zs an adenoma of the thyroid gland, which
is seldom associated with signs of a sympathicotonic disturbance, is
also seldom associated with 1lid retraction (Atkinson, Lisser and
Shepardson, 1928).

Furthermore, there is often a direct correlation hetween
the extent of the thyrotoxicosis and the degree of the 1lid retraction,
(Levitt, 1951) and, conversely, successful surgical and medical treatment
of Graves! disease is usually followed by a marked reduction in the

degree of 1lid retraction (Ruedemann, 1931; Barr and Shorr, 1945).

(e) The fact that 1id retraction may occur in
sympathicotonic states, quite apart from
thyrotoxicosis.

It has been shown that stimulation of the distal end of

the cut cervical sympathetic nerve may produce a definite elevation
of the upper 1id and a slight lowering of the lower lid (Pochin, 1939a).

Savin (1943) made the interesting personal observation that the
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sudden explosion of a nearby bomb produced typical thyrotoiic fascies
with marked widening of the palpebral fissures!

Lid retraction does not occur exclusively in thyrotoxicosis.
Friedgood (1930) observed some degree of retraction of the upper lid
in nearly 50% of 258 cases of essential hypertension without any
assgciated thyrotoxic element. He considered tEat this 1lid retraction
is identical with that found in Graves' disease, and that a common
factor is in operation, namely, spasm of the smooth muscle of the upper
1id due to overaction of the sympathetic nervous system. Nevin and
Kiloh (1951) noted the occurrence of 1lid retraction in disseminated
sclerosis due to irritation of the descending spinal sympathetic
fibres. Kessel and Hyman (192%) found 1id retraction in a series of
cases showing autonomic imbadlance but without any signs of thyrotoxicosis.
In a case of periodic sympathetic spasm of the pupil, the phase of
pupillary dilatation was related to a widening of the palpebral fissure
(Lowenstein and Levine, 1944). Rundle (1941) described the occurrence of
1lid retraction in a number of cases without any evidence of thyrotoxicosis|
although he stated that several of the cases developed thyrotoxicosis at a
later date. Jackson (1949, 1950) noted that 1lid lag, a phenomenon
which is dependent on a hypertonicity of the retracting influence of
the upper 1id, occurs in 3%% of persons with peptic ulceration whereas

it occurs only in 10% of normal persons.
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iypothesis that 1id retraction is due to overaction of the striated

levator palpebrae superioris muscle.

The theory that overacticn of the striated levator
palpebral superioris muscle is responsible for the production of 1lid
retraction has been put forward by Pochin (19%9b), and re-affirmed
by Brain (1939), Rundle (1951), Cogan (1953%), and Kuedemann and
Corrigan (1953). In fact, Ruedemann and Corrigan designated 1id
retraction as levator retraction. This theory is based on the
tfollowing premises:-

(a) The fact that there is a striated muscle in the

upper lid -~ the levator palpebrae superioris muscle.

The levator palpebrae superioris is a powerful muscle
which arises at the apex of the orbit from the lesser wing of the
sphenoid above the annulus of Zinn, and runs forwards under the
'roof of the orbit to terminate in an expanded aponeurosis, the main
part of which is inserted into the skin of the upper eyelid and into
the lower third of the anterior surface of the tarsal plate. It is
innervated by the oculomotor nerve, and is responsible for lifting the
upper 1lid in the expression of staring, a function first attributed

to it by Dalrymple (1834).

(b) The fact that 1id retraction is a phenomenon confined

solely to the upper lid.
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A detailed description of 1id retraction has been given
by Pochin (19%8a) who emphasised that it is only the upper 1lid which
becomes elevated. In such cases when the lids are closed a prominent
horizontal fold may be seen lying about 6 - 10 mm. above the 1lid
margin, and this probably represents the unduly prominent superior
border of the upper tarsal plate. Pochin has declared that in
associatbtion with the retraction of the upper lid there is a slight
elevation_of the lower 1id, and this would appear to indicate the
absence of any efiective mechanism within the lower 1lid capable of
producing retraction so that the lower lid becomes elevated as a
direct mechanical consequence of the raising of the external canthus
following retraction of the upper lid. Frangois (1951a) has also

stated that 1id retraction is confined to the upper 1id only.

(¢) The fact that 1id retraction may be relieved
by tenotomy of the levator palpebrae superioris

muscle.

In an isolated case of unilateral 1lid retraction in
Graves' disease, Cogan (1953) has shown that tenotomy of the
levator palpebrae superioris muscle relieved the appearance of 1lid
retraction. Spaeth (l953b) recommended recession of the levator

muscle in cases of marked upper 1lid retraction.
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(d) The fact that pathological changes may occur in
the levator palpebrae superioris muscle in

thyrotoxicosise.

Rundle and Pochin (1944), in a study of the fat content
of the ocular muscles in thyrotoxicosis, found an increased fat
content in all the striated ocular muscles and this was most
marked in the levator palpebrae superioris. This is consistent with
the fact thet normally the levator has a siightly higher fat content
than the other extra-ocular muscles, because Rundle and Pochin
found that the increase in fat was in proportion to the normal fat
content of the various muscles. They concluded thatvthe pathological

change within the levator is responsible for 1lid retraction.

(e) The fact that 1lid retraction may occur in a
state of oculomotor nerve hyperexcitability,

guite apart from thyrotoxicbsis.

It has been shown that retraction of the upper lid may
be associated with the phase of pupillery constriction in a case of
cyclic gculomotor paralysis (Lowenstein and Givner, 1942). It may
also be a feature of Parinaud's syndrome or of post-encephalitic
Parkinsonism, presumably as a result of a lesion in the mesencephalic

diencephalon producing a hypertonicity of the levator palpebrae

superioris muscle (Fran?ois, 1951a).
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Conclusgion regarding the mechanism of 1id retraction in

thyrotoxicosgis

There can obviously be no reconciliation of the two
opposing hypotheses which have been put forward to account for the
occurrence of 1lid retraction in thyrotoxicosis, and, on balance,
from the evidence which has been produced, it would appear that
spasm of the smooth palpebral musculature is the more sttractive
concept. There are, however, certain difficulties in an acceptance

of this hypothesis:-

(a) The fact that 1id retraction in thyrotoxicosis
is a feature of tne upper 1lid, whereas stimulation
of the cervical sympathetic nerve produces retraction
of both lids, although to a more marked degree in

the upper 1id than in the lower one.

This is a serious objection to the sympathicotonic
hypothesis, unless the evidence which has been put forward in an
earlier part of this thesis is accepted, namely that lower 1lid
retracticn occurs in the early stages of the condition and that this
becomes'mgsﬁed when the more dominant upper lid retraction becomes

effective.

(b) The fact that 1lid retraction in thyrotoxicosis

is not characteristically associated with mydriasis.



Brain (1939) considered that the absence of a dilated
pupil in thyrotoxicosis conflicts with the idea that 1id retraction
is due to sympathetic overaction. The absence of mydriasis in
exophthalmic zoitre has been stressed by many observers (Holloway,
Fry and Wentworth, 1929; Justin-Besangon, Kohler and Schiff-
Wertheimer,.l954; Plummer and Wilder, 1935; Weekers and Dedoyard,
1951). On the other hand Givner, Bruger and Lowenstein (1947)
examined the pupil in hyperthyroidism by a pupillographic method
and found some evidence of a sympathetic disturbance although of
a central type. It is interesting to note that Justin—Besangon and
others (19%1) showed that intravenous ephedrine in dogs causes
mydriasis and a very slight degree of exophthalmos, but if thyroxine
is also administered a marked exophthalmos occurs which 1s only
vrarely accompanied by any dilatation of the bupil. Similarly
Labbg and others (1931) demonstrated thet in a case of obesity
treated with thyroxine, administration of ephedrine produced
exophthalmos with only very slight pupillary dilatation. It may be
that in thyrotoxicosis the absence of mydriasis is not necessarily

incompatible with the presence of increased sympathetic tone.

(¢) The fact that 1lid retraction in thyrotoxicosis
may occur despite the presence of a lesion of

the perivheral sympathetic pathway.
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Brain (1939) reported the development of 1id retraction
in a case of thyrotoxicosis superimposed on an 6ld-standing syringo-
myelia. The syringomyelia was associated with involvement of the
peripheral sympathetic pathways to the eyes, as shown by the earlier
presence of ptosis, more marked in one eye then in the other.
Following the onset of thyrotoxicosis bilateral 1id retraction
became apparent. The eye which had shown the lesser degree of
ptosis developed the greater degree of retractioh. This case would
appear to refute any idea oi the implication of the smooth 1lid
muscles in the development of 1id retraction. On the other hand, it
may be that the integrity of the sympathetic nerve pathways is not
essential to the development of 1id retraction, and that circulating
adrenaline may act on denervated smooth muscle which hzs been
sensitized by an excess of thyroxine in the circulation.

It is interesting to note that Brunton (1935) produced
retraction of the 1lids in cats and dogs with intravenous ephedrine
irrespective of whether the cervical sympathetic pathway was intact
or not. He concluded that the effect of ephedrine is a local one
on the sympathetic nerve endings or on the smcoth muscle fibres.
Marine and Rosen (1934) even considered thet the smooth muscles of
the eye are more sensitive to adrenaline after cervical sympathetic
ganglionectomy , an effect which was noticed within six days of the
operation in cats and dogs (Bacq and Isola, 1946).  Lockett (1950)
also demonstrated a similar effeclt on the nictating membrane of the

cat, and she found thut pre-ganglionic or post-ganglionic sympathetic
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denervation causés a marked increase in the threshold sensitivity to
adrenaline or to dl-noradrenaline. Paton and Zaimis (1951) noted
that the effect of adrenaline on the blood pressure is enhanced after
the administration of hexamethonium, and this may be another example
of adrenaline exerting a strong influence on a temporarily
denervated structure.

The case described by Brain may not necessarily be
regarded, therefore, as a éontradiction of the view that sympathicotonic

influences motivate the occurrence of 1id retraction in thyrotoxicosis.

The opposing hypothesis, thst 1id retraction in
thyrotoxicosis is due to overaction of tne striated levator
palpebrae superioris muscle, is attractive in explaining the marked
upper 1lid retraction which is a characteristic feature of Graves!'
disease. There is, however, a serious difficulty in an acceptance
of this hypothesis because 1id retraction in thyrotoxicosis has been
associated with an increased fat content of the levator palpebrae
superioris, and there is evidence that a similar increase of fat
within the extra-ocular muscles in Graves' disease is responsible for
varying degrees of ophthalmoplegia (Rundle and %ilson, 1944a),
particularly as a correlation has been shown between the amount of fat
within the muscle and the degree of ophthalmoplegia.

It is indeed difficult to see how fatty changes may

produce spasm of one striated muscle and weakness of another similar
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muscle, and, even if the pathological changes within the muscle are
discounted, it is still difficult to reconcile hypertonicity of one
gtriated ocular muscle to the exclusion of the others (Cpoper, 1849;
Francois, 1951a).

It would appear more likely, therefore, that an increased
fat conltent witiin the levator may produce a weakness of the muscle
thus allowing a more marked- action of the smooth muscle component
within the 1id (Adler, Scheie and Dennis, 1949). In this way
thyroxine may play 2 dual role in facilitating lid retraction, first,
by sensitising the smooth muscle to the action of circulating
adrenaline (Mann, 1946b), and, secondly, by weakening the response
of the striated muscle.

In any case it is difficult to ascribe a dominant role
to pathologicel changes within a muscle in the mechanism of 1lid
retraction. The rapidity with which lid retraction may develop in
a case of thyrotoxicosis, and the equal rapidity with which it may
disappear in certain cases after successful medical or surgical
treatment of the thyroid dysfunction are more consistent with the
response of a nervous mechanism.

It is doubtful if the single case described by Cogan
(1953), in which 1id retraction was relieved by tenotomy of the levator
muscle, is of significance in this discussion because, irfespective
of the mechanism of 1id retraction, such an operation is bound to be

followed by a lowering of the 1lid. On the other hand, it is of interest
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to note that an injection of novocaine into the region of the
stellate ganglion is reported by Cogan to have caused a miosis .
without affecting the position of the lids. Spaeth (1953b)
also described the operation of levator recession in 1id
retraction, but this did not deter him from ascribing the
mechanism of the phenomenon to a tonic spasm of the smooth

muscle of the lid.
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Other clinical considerations of 1id retraction in thyrotoxicosis.

There is evidence that 1id retraction is a more common
feature of Graves' disease than exophthalmos, and that, although'
there is some association between exophthalmos and 1id retraction,
they may occur independently or simultaneously in Graves' disease
(Pochin, 1938b).

Eden and Trotter (1942) noted the occurrence of 1lid
retraction in 72 out of 134 cases of Graves' disease, whereas
exophthalmos was present in only 19 of the cases. Donoso (1953)
described lid retraction in 28 out of 57 such cases, and exophthalmos
in 18 of the cases. Shannon and Hunt (1947) have claimed that 50%
of cases of Graves' disease exhibit 1lid retraction without any
evidence of exophthalmos. There certainly can be little ground for the
statement of Knudtzon (1949) that an exophthalmometric measurement
will confirm or refute the presence of early thyrotoxicosis. Lid
retraction is not only an outstanding feature of Graves' disease but
it may be cne of the earliest manifestations of the disease and may
even precede any general signs‘of the condition (Werner and Spooner,
1955). Lid retraction is usually bilateral and symmetrical but it may
occur as a unilateral phenomenon (Dixon, 1941; Fran%ois, 1951a).

It is important to realise that 1lid retraction causes an
illusion of exophthalmos, and that judgement of exophthalmos is often
fallacious when judged solely by direct observation (Benedict, 193%6;

Soley, 1942). This is particularly misleading when the 1lid retraction
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is unilateral, as illustrated in fig. 22 in which the left eye
appears to show a much higher degree of exophthalmos than the
right eye. In fact, exophthalmometric readings showed an identical
degree of exophthalmos in each eye, and the illusion of unilateral
exophthalmos is due purely to the obvious lid retraction on the leit
side.

This concept is important also in assessing the state
of the eyes following successful medical or surgical trestment of
Graves' disease. Barr and Shorr (1945) noted an apparent reduction
in exophthalmos follwing thiouracil treatment, and yet the exopshthalmos
was ound to have increased by 2 - 4 mm. The apparent improvement
was due to a dramatic decrease in the amount of 1id retraction.
Similar observations have been made following thiouracil treatment
(Dobyns and Haines, 1946a, b; Haines and Keating, 1946) and following
thyroidectomy (Dobyns, 1945; Kkundle and Wilson, 1945; Dobyns and
Haines, 1946a, b). Naffziger (1948) stated that, although most
cases appear to show a lessening of exophthalmos following thyroidectomy,
only 5% of cases show an actual reduction in the degree of exophthalmos.
This emphasises the importance of exophthalmometric observations

before determining the state of exophthalmos (Bartlett, 1949).
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PART IT - Exophthalmos Unrelated to Thyrotoxicosis

(Thyrotrophic Exophthalmos)

Introduction

This type of exophthalmos appears to be independent of
any increased function of the thyroid gland. In fact most cases are
associated with a state of hypothyroidism.

In i9lO Gley found that thyroidectomy in rabbits
resulted in the production of exophthalmos. He clearly differentiated
this type of exophthalmos. from that which followed stimulation of
the cervical sympathetic nerve pathway. Gley offered no explanation
for the mechanism of this exophthalmos, but Poncet (1910) postulated
the presence of an excophthalmos~producing factor secreted by some
organ other than the thyroid gland. He made the prophetic remark
that this might be the pituitary gland.

A lzrge number of experimental and clinical observations
have pointed to the thyrotrophic hormone cf the anterior pituitary
body as being directly concerned with the production of exophthalmos.
It is proposed to consider this aspect of the problem first, and then
to discuss certain other endocrine glands which may also have an
important influence on the problen of exophthelmos. The exophthalmos

under consideration will be termed thyrotrophic exophthalmos. This



is not a strictly accurate term, but it at least signifies a type of
exophthalmos which contrasts with that releting to thyrotoxicosis.
Clinically thyrotrophic exophthalmos is commonly termed
progressive exophthalmos, and this neme takes account of the active
proptosis which is associated with the condition. It is also some-
times called malignant exophthalmos, and this is a useful term because
it emphasises the fact that, in certain cases, the ocular manifestztions
run a rapid and grave course. On the other hand it is unsatisfactory
because strictly spesking the term malignant exophthalmos should be
restricted to cases of proptosis due to malignant growths in the
region of the orbit, and, therefore, unrelated to endocrine disorder.
tieans (1945) has termed progressive exophthalmos the
hyperophthalmopathic form of Graves' disease. This is scarcely a
euphonic term but it does emphasise that the ocular involvement
completely overshadows any general manifestations of the condition.
Brain (1938) introduced the term exophthalmic ophthalmoplegia for a
group of ceses showing marked proptosis with obvious limitation of
ocular movements especially those of elevation. It is noteworthy
that exophthalmic ophthalmoplegia, when considered in a broad sense,
need not occur exclusively in the thyrotrophic phase of Graves' disease,
in so far as the combination of exophthalmos and muscle weakness is
found in thyrotoxicosis but in normal usage it implies a thyrotrophic

type of chenge.



_59_

Nature of pathological process in thyrotrophic exophthalmos

Nature of pathological changes in orbitzl tissues.

The changes in the orbital tissues in thyrotrophic
exophthalmos may be considered under five separate hezdings; increase
in water content, increase in mucin content, increase in fibrosis,

increase in lymphocytes and change in fat content.
1. Increase in water content.

There is widespread evidence that oedema is a characteristic
feature of the orbital tissues in thyrotrophic exophthalmos, both
experimentally (Smelser, 193%6; Paulson, 1939; Aird, 1941; Albert,
1945; Dobyns, 1946b, 4, e, 1950), and clinically (Foster Moore, 1920;
Benedict, 1938; Brain, 1938; Haines, 1939; lieans, 1940; Zondek ana
Tiého, 1945; Copper, 1948; Heinbecker, 1949; Falconer and Alexander,
19513 Medine, 1951; Crasig and Dodge, 1952, 1953; Cuendet and
Cruchaud, 1953).

Oedema in the orbit may occur as a primery effect
following the influence of the hormone responsible for‘the production
of exophthalmos (Means, 1943), and this is suggested by the experimental
finding thet orbital oedema occurs even if the eye has been previously
enucleated (Smelser, l943a). There may also be a local orbital
tissue hypersensitivity (Heinbecker, 1949; Rose, 1952, 1953%; Hedges

and Rose, 195%); a striking tendency of the orbital tissues to teke
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up fluid has been noted by Naffziger (1952) in exophthalmos and the
hydro?hilic proverty of the tissues may versist even after decom-
pression. The finding of a high protein content of the oedematous
fluid in experimental exopntinalmos is suggestive of an increased
permeabiliiy of the orbital capillaries (Smelser, 1947). This
would appear 50 be lependeﬁt on s.me basic characteristic oif the
orbitsl fat because tihe oedema is much less evident in fat
transplanted into the orbit from vther.fat depots of the body than
in fet transplanted into the orbit Lrom another orbit (Smelser and
Ozanics, 1949). Furthermore, the ocedematous process is rnot
distributed evenly throughout the orbit; it occurs to a much
greater degree in the fatiy tissues than in the Harderian gland
(Smelser anc Ozanics, 1955), end it is more marked in the orbital
fat than in the extra-ocular muscles (Smelser,1943b).

On the other hand, ocedema in the orbit may occur
as a secondary effect, perheps as a result of the reaction within
the connective tissues (Mulvany, 1944; Dobyns,1950), or as‘a
result of the hydropnilic properties of the mucopolysaccharides
which are known to accumulate within the orbit in exophthalmos
(Ropes and others, 1947; Ludwig, Boas and Soffer,1950; Nuzum, 1953;
Greene ,1955).

There is certainly no evidence that oedema is the result
solely of a venous obstruction; the orbital veins are too well
endowed with alternstive pathways of drainage (Drescher and Benedict,

1950) and the.e is no sign of any delayin the removal of radio-active
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sodium from the orbital tissues in progressive exophthalmos (Day and
Werner, 1954). Furthermore, oedema may occur in the lids at a
sufficiently early stage in the development of exophthalmos to
exclude a venous obstruction at the orbital septum as the determining
mechanisn (English, 1950). Undoubtedly, however, venous obstruction
plays some part in the extension of the exophthalmos in the more
advanced cases (Lobyns, 1950; Poppen, 195%).

It is also unlikely that orbital oedema is the result
merely of the forward displacement of the eye allowing fluid to enter
the orbit because a vacuum is created therein. It is probably unwise
therefore, to draw too close an analogy between the oedema of the
orbit in thyrotrophic exophthalmos and the oedematous fluid which

.
rapidly enters a space formed artificially within the subcutaneous
tissues, as in the experiment of Pochin (1949).

It may be that oedema of the orbit is the main factor
in the production of exophthalmos (Mleans, 1940; Smelser, 1947;
Dinsmore, 1952) and that the accumulation of this fluid is responsible
directly for the marked increase in the intra-orbital pressure which
is a charzcteristic feature of such cases (&lbert, 1945). Certainly
the orbit is closed in all directions except anteriorly so that any
increése in the volume of the orbital contents must give rise to a
certain degree of protrusion of the eye. ileans (1945) =nd Shannon
and Hunt (1947) have emphasised the importance of the oedematous changes

by recommending that all such cases should be nursed with their heads
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in the elevated position to assist in the drainage of oedematous
fluid. Radiation of the orbit would also appear to be effective in
reducing oedema (Jones, 1951; Stallard, 1955).

It should be noted, however, th:t some doubt has been
cast on the role of oedema in the production of exophthalmos by
Rundle, Finlay-Jones and Noad (1953) because, although they found
an increase in the water content of the extra-ocular muscles in
cases of severe progressive exophthalmos, this did not appear to
be excessive when regard was taken of the increased bulk of the
muscles.

2 Increase in mucin content.

An increase in mucin content has been found within the
orbital tissues in experimental exophthalmos (Ludwig, Boas and Soffer,
1950), as shown by the increased hexosamine content which is a measure
of the mucopolysaccherides, and by the increase in the amount of
metachromatic ground substance wnich is a measure of hyaluronic acid.
Hyaluronic azcid is an important component of the ground substance of
connective tissue and is probably derived from mast cells (Asboe~
Hansen, 1950). This ground substance disappears on exposure to
hyaluronidase. The fact that Ludwig, Boas aud Soffer (1950) have
shown an absence of any increase in the dried weights of the orbital
contents in exophthaimos as compared with the normal guinea-pig orbit,
despite the marked increase in bulk of the exophthalmic orbit, is
further evidence of the role of mucin (or oedema) in the production of

exophthalmos. Asboe-Hansen and Iversen (1951) have shown that TSH



adninistration in guinea-pigs is followed by replacement of the
retrobulbar fzt by a loose connective tissue containing mucopolysacc-
harides and mast cells.

An increzse in mucin has also been found in the orbital
tissues clinicaily (Curtis, Cawley and Johnwick, 1949; Iversen, 1954),
particularly in semi—lﬁnar spaces wiich form under the sarcolemma of
the extra-ocular muscles as shown histochemically (Asboe-Hansen,
Iversen and Wichmann, 1952). There is, however, doubt regarding the
serum mucoprotein level in post-hyperthyroid exophthalmopathy;
llancini end Garberi (1952) reported = normal level whereas Fromm,
Hecker and Silva (1954) found an increase in the serum level.

Further evidence of the significance of mucin in
endocrine exophthalmos is the influence which may be exerted on
exophthalmos by hyaluronidase, an enzyme which causes hydrolysis of
hyaluronic acid, with perhaps also an absorption of the breakdown
products N-acetyl glucosamine and glucuronic acid (Grais, 1949), and
a consequent decrease in the water-holding abilities of the tissue
ground substsnce (Nuzum, 1955). In experimental exoshthalmos the
injection of hyaluronidase into the orbit is followed by a transient
increase in exophthalmos (Nuzum, 195%3 Aterman, l954a), but this is
replaced by a definite enophthalmos (Nuzum, 195%; Aterman, 1954b)
which persists for a short time before exophthalios becomes re-

established.
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In clinical exophthalmos a teumporary decrease in exophthal-
mos may follow retrobulbar injections of hyaluronidase (Grynkewich and
others, 1951; Danis, 1954) a line of therapy suggested by Mills and
Forsey (1949), and the consequent reduction in orbital tension may
be sufficient to facilitate the performance of tarsorrhaphy in cases
of severe exopthalmos (Stallard, 1955). Hyzluronidase has been found
to assist in the diffusion of ansesthetic solutions injected into the
retrobulbar tissues without ceusing any obvious ballooning of the
tissues (Atkinson, 1949; Key and Key, 1950), and without causing
any rise in intraocular pressure (Key and Key, 1950). On the other
hend, Aterman (1954b) has considered that hyaluronidase injections
into the orbit may be dangerous clinically, because of the initial
increase in exophthalmos which may occur, and Kadin (1950) has
reported a czzse of thyrotrophic exoshthalmos in which an increase in
exophthalmos and an increase in oedemz followed an injection of
hyaluronidase. In some other cases retrobulbar hyaluronidase has
been followed by an improvement in ocular mobility without any effect
on exophthalmos (Plessier, 1954).

3. Increase in fibrosis.

Experigentally, it has been shown thet there is a
replacement fibrosis wit in thie orbit of the guinea-pig in TSH-
induced exovhthalmos (Paulson, 1937; Aird, 1941; Dobyns, 19464),
and a similar process occurs clinically (Thomson, 19243 Thomes and
Woods, 19363 Benedict, 153635 iedine, 1951; Crazig and Dodge, 1952,
1955). The fibrosis within the orbit may ge so merked that it prevents

eny recession of evopitthaelmos even ailter subsicence of the acute
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exophthalmic process (Ridley, 1952) and, in fact, certain cases of
endocrine exophthalmos have presented as a pseudo-tumour of the
orbit’(Hope-Robertson, 1947). The fibrosis within the extra-oéular
muscles may also be extensive (ﬁeadows, 1952) and may account for a
marked restriction of certain ocular movements; not only in the

field of action of the affected muscle due to - failure of its contraction,
but also in the opposite field of scticn dvue to a failure of relaxation
of the fibtosed muscle (Dunnington, 1947; Midley, 1952). It has

been shown by O'Connor and Pierce (1935) and by Fzelconer and

Alexander (1951) that the fibrotic changes within thne muscle do not
assume an even distribution so that a single biopsy specimen of

muscle tissue mqynbtke revpresentative of the true patiiological picture
within the muscle. It would appear that the changes in the muscle

are fundamental and are not merely the result of the stretching of the
muscle which follows the protrusion of the eye (GrSEZ, 1950) . It

is interesting, therefore, thet Poppen (1950) denied any absolute
relationship between the rapidity of the development of exophthalmos
and the degree of ophthalmoplegia. In fact, Poppen found that muscle
palsies are more common in the caues of moderzte exophthalmos than in
the cases of severe exophthalmos.

The occurrence of fibrosis in the orbit in exophthalmos is
one oi the reasons why an orbital decompression operation must be
carried out in severe cases at a sufiiciently early stage so that the
orbital tissues are resilient enough to take advantagc oi the increased

space within the orbit following the operation (Craig and Dodge, 1952,
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1955). It is likely that the longer exophthalmos remeins untreated
the greater is the risk of irreparable'damage to the orbital tissues
due to scar formation (Gedda and Lindgren, 1954a, b). There is
evidence tnat this process of fibrosis is lessened by radiatibn of
the orbit (Jones, 1951; Chang, 195%; Gedda :nd Lingren, 1954a, b),
and it may be that hyaluronidase injections are also of value in
preventing subsequent irreversible fibrotic changes particularly

in view of the nature of the myxoedematous process within the orbit
(Levensohn, 1950).

4. Increase in lymphocytes.

There are many reports of the accumulation of lymphocytes in
the orbital tissues in experimental exophthalmos (Albert, 1945; Dobyns,
1946b, d) and in clinical exophthalmos (Curtis, Cawley and Johnwick,
1949; Heinbecker, 1949; Falconer and Alexander, 1951; iedine, 1951
leadows, 1952; Craig and Dodge, 1952, 195%). These cells are highly
radio-sensitive and this may be a factor in the improvement in
exophthalmos which sometimes follows radiation of the orbit (Jones,
19513 Chang, 1953%; Stallard, 1955). An increzse in the number of
lymphocytes in the conjunctival tissues may follow thiouracil
administration (Arvy and Gabe, 1950), and this is of interest in view
of the increased exophthalmos which may follow thiouracil treatment.

5e Change in fat content.

There is little evidenue that the thyrotrophic form of
exophthalmos is assoclated with an increasse in the fat content of the

orbital tissues, and in thkis respect the changes in the orbit in thyro-
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trophic exophthalmos differ from those which are more characteristic
of a purely thyrotoxic form of exophthalmos, as discussed in an earlier
part of this thesis. It has been shown exverimentally that TSH causes
mapid mobilisation of fat (Dobyns, 1946c), so that there is a depletion
of the fat depots (Dohgns, 1946b, d), slthough Mann (1950) has
stated thzt some fat may be deposited in the orbit following TSH
stimulation. Poppen_(l953) considered that in the solid progressive
tyoe of exophthalmos the fat content of the orbit is low due to thé
absorption of the fatty tissues by the other pathological events
occurring within the orbit.

Rundle and Pochin (1944b) considered that the bﬁlging
of the 1lids which may occur in exophthalmos is due to a protrusion of
orbital fat into the lids. It is more usual to explain this promi-
nence of the 1lids on an ocedematous basis, but Rundle and Pochin ‘are
unable to reconcile the absence of pitting on pressure with pure

oedemsa..

It has been shown that an important part of the patholo-
gical change which occurs in the orbital tissues in thyrotroohic
exophthalmos is present within the extra-ocular muscles. An
investigation has been conduction, therefore, into the vascular pattern
ofrnormal extra-ocular muscles with a view to determining any feature
of the circulstion which ma; be of significance in a consiceration
of the pathological events which charecterise the exophthalmic
process. In particular each muécle has been exmined for the possible

presence of arterio-venous anastomoses.
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Exanination of wvascular pattern within normal human

extra-ocular muscles.

In this investigation the vascular pattern of the
extra-ocular muscles has been examined in six human eyes, and,
as far as could be ascertained, each eye was free from any local
ocular or orbital disease, so that it may be assumed that this study
in the main represents the vascular anatomy of the normal muscle.

The eyes together with their associated orbital
structures were removed at post-mortem examination through an
intra-cranial approach by the following technique, which is similar
to that used in a study of other parts of the ocular circulation
(Ashton, 1951, 1952; Wybar, 1954a, b, c, 1956).

A sagittzl incision was made in the scalp in the
region of the vault of thevskull, and, after reflexion of the
scalp anteriorly and posteriorly, the bony cranium was removed
by a coronal incision. The brain wes then lifted out of the
skull by incising the dura and arachnoid membranes and by severing
the neuro-vascular connections of the brain with the extra-~cranial
structures. During this manoeuvre great care was taken to avoid any
damage to two important structures. First, the optic nerves and
chiasma which were left intact by cutting through the optic tract
so that the chiasma was retained in its normal position in the base
of the skull. Secondly, the internal carotid artery up

to the point of origin of the ophthalmic artery and this
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was left intact by cutting the artery after its emergence from the
cavernous sinus at the origin of its two terwinal branches, the
anterior and middle cerebral arteries.

The orbital contents were then exposed by removing the
anterior clinoid process, the lesser wing of the sphenoid inéludﬁng
the roof of the optic canal,‘and the orbital plate of the frontal
bone, and great care was taken during removal of these bony structures
to avoid opening the periorbital sheath. Tbe bulbar conjunctiva was
incised round the limbus and, after severing the fibrous and muscular
bands passing from the orbit to the eyelids, the whole orbital mass,
including the extra-ocular muscles, the eyebzll, the optic nerve,
the ophthalmic artery and the cavernous portion of the internal carotid

.

artery, was removed in one mass and placed in a container,

The ophthalmic artery, identified as it left the internal
carotid artery to run under the optic nerve, was incised through
half its circumference, and a glass cannula was inserted into the
artery through the incision and ligatured in position (fig. 23).
The vessels of the eye and orbit were then irrigated with tap water
through the cannula for 6U minutes. Provided the orbital mass had been
remnoved in a reasonably intact condition, this procedure was only
asscciated with a gentle uniform capillsry ooze, but in certain eyes
when lerge superficial vessels were exposed it was nccessary to ligate
tiiem before proceeding with the irrigation, A thorough preliminary

irrigation was found to be an important step in the successful
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injection of the muscular circul:ztion. The ocular mass was then
placed in the refrigerator for 12 hours. After thawing, the specimen
was finally irrigated with water for 15 minutes, thus ensuring
complete removal of any small residual particles of blood clot from
the circulation. Two methods were adonted in the subseguent injection
and examination ofvthe muscles:-

(1) 1Injectizn of Neoprene latex (4 eyes).

Neoprene latex 572 was prepared for injection. This
white synthetic rubber preparation, an emulsion of polymerised 2
chlorbutadium with a partial size of 0.1 - 1.0i, was obtained from the
B. B. Chemical Company. Neoprene was normally obtained with a
consistency similar to thit of miik, but sometimes it was in a more
concentrated form, and it was then necessary to dilute it with a
suitable amount of water. Heoprene is unsuiteble for injection when
too concentrated because of the tendency for the formation of clots
within the smaller vessels thus preventing complete injection of the
circulation in its ramifications.

The cennula in the ophthalmic artery was connected to a
Woulff's bottle containing sbout 50 ml. Neoprene, and this was then
injected into the ocular circulztion under a pressure of 5 -10 lbs.
using a small electric pump (Bdward's rotary vacuum pump and
compressor, type 1v). Neoprene was found to coagulate rapidly on
entry into the circulation, and it was, therefore, essential to
conmence the injection at a reasonably high initial pressure. This
was achieved by releessing the clamps on the rubber tube connecting

the woulfi's bottle to the camnnula in the ophthalmic artery a fraction

[S]
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of a second after switchin; on the electric pump. By this technigue
Neoprene was more likely to pass ri:sht alon: the whole length of
the circulation including its fine terminal ramifications without
causing blockage of any of the narrow vessels.

The change-over of Neoprene from a stable emulsion in
the bottle to an irreversible colloid system within the circulation
is probably due to & change in PH values. Neoprene is steble in
the presence of alkali (as in the bottle) but precipitates in an
acid medium (as in the tissues) to form a solid, resilient, acid-
resisting snd alkali-resisting substance. It is these properties
which make Neoprene so useful in a detailed study of a densely
vascular tissuel

Following the completion of the injection of Neoprene
through the Qphthalmic artery, the eyes were subjected to the action
of digestive ferments. The injected orbital mass in its fresh state
was placed in a saturated solution of pepsin in N/lO hydrochloric acid
for a few days at 37°C, and then for a shorter period of time in
1% sodium bicarbonate at the same temperature. Neoprene is not
susceptible to the action of digestive ferments so that a complete cast
of the vessels within the muscle may be obtained but it was found to
be impoftant to stop the digestive process before it was quite complete
otherwise, due to loss of all supporting structures, it was extremely
difficult to identify the various vessel groups within the tangled

network ol Heoprene injected vessels.



The partislly digested orbitel mass was dissected to
reveal the individual extra-ocular muscles, and each muscle was then
dissected under water in a large Petri disn which contained a thin
layer of black paraffin wax. The vessel groups were identified,
and where necessary pinned in position in the wax. (Fine glass
pins were used in preference to steel ones because the latter cause
contamination of the casts with rust particles after a few days under
water). The remnants of the muscular tissue were carefully removed
to complete the exposure of the pattern of the injected vessels within
the muscle.

The cohesive and elastic properties of Neoprene permitted
dissection of individuszl vessels and capillary areas from the main
vascular mass, and these were studied in detail using a wide-field
stereoscopic microscope with eye-piéce lenses of X7 and X15, and
objective lknses of X1.25, X5 and X10, giving a magnification range of
%8.75 to X150 (fig. 24). Direct illumination was provided by one or
two high-power low-voltage filament lamps (fig. 24). The initial
stages of the dissections were carried out with ordinary plain forceps
and sharp or blunt-pointed scissors, but thereafter the dissections
were continued with very fine watchmaker's forceps and fine straight
or curved spring scissors, so that it was possible to handle even the
fine vessels individually (fig. 25).

(2) Injection of indian ink (2 eyes).

After thorough irrigation of the orbital circulation with

water through the ophthalmic artery, 50 ml. indian ink wes injected
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from a hand syringe. The eye was fixed in 10% formol saline, and
theh cleared by the Spalteholz méthod, a technique devised originally
for the clearing of small embryos following the intravascular
injecticn of some dye substance. In this method the eyes were
dehydrated by passing them through 80% alcohol (1 day), 90% aicohol
(1 day), absolute alcohol (1 day) and fresh absolute alcohol (1 day).
They were then placed inamixture of benzol and absolute alcohol, 1
part of each, (1 day), pure benzol (1 day), fresh pure benzol (1 day),
and finally cleared by immersion in oil of wintergreen (3 parts of
methylated spirits to 1 part of benzyl bonzoate). The specimens
were maintained in oil of wintergreen during examination and storage.
The injected vessels were examined through the semi-transparent
muscular tissue with the stereoscopic microscope and under direct
illumination.
Findings.

The arteries of the extra-ocular muscles are derived
from the posterior ciliary arteries within the orbit and, as a rule,
each muscle is approached in both its longitudianl borders by a
muscular artery near the Jjunction of the proximal one-third with
the distal two-thirds of the muscle. Each muscular artery breaks
up into several branches near the muscle border (figs. 26 and 27)
and these pass to the undersurface of the muscle where they enter its

substance.
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One large branch turns as it nears the centre of the
muscle and continues its course along an axial direction towards
the insertion of the muscle. This artery may divide into two or
more smaller branches during its passage down the muscle, and it
also gives off several smaller branches which pass in a transverse
direction to the adjacent parts of the muscle tissue, but the
main trunk of the artery is continued beyond the insertion of the
muscle as an anterior ciliary artery. Tne other muscular branches
also tend to turn in an axial direction towards the muscle insertion
as they reach the centre of the muscle substance, but they are smaller
arteries and break up into their terminal arterioles without running
the lengtii of the muscle. These smaller'arteries are closely
associated with the transverse branches of the main axial artery,
and they provide the muscle with a dense network of arterioles and
capillaries. These features are illustrated in figs. 29 - 34.

The venules take origin from the capillaries (fig. 33)
and join together to form veins which run along a course corresponding
to thet of the arteries (fiis. 26, 28 = %1), but there is no evidence,
despite careful dissection of the vascular network of each extra-
ocular muscle in this series, 0f any arterio-venous anastomosis
except through the normsl capillary channels.

There is no evidence, therefore, of any significant
anatomical feature of the vascular circglation of the extra-ocular

muscles which mey be releted directly to the exophthalmic process.



. ffC G20

$% '$. *'&& 4 ') )( ) % 4$8& & )I' +
$% %' & 89 $ * , ' & 8CO /' ' 5 %$ )47.$%

67&4. 5 DG



$% '$. *'&& 4 ') )( ) %  4%$& & )/ +
$% %' & 89 $ * , ' & 8CO /' ' 5 %$ )47.$%

67&4. 5 E



&& 4 ") )( ) % 48& & )"+ $% %' & 89

$*,'" & 8C9 /" 5 %% )47.$3% 67&4. 5 HG



&& 4 ) ) ) % 48& & )"+ $% %' & 89

$*, " & 8C9 /" ' 5 %% )47.$% 67&4. 5 DG



&& 4 ") )( ) % 48& & )"+ $% %' & 89

$*,'" & 8C9 /' 5 %% )47.$% 67&4. 5



'&& 4 ') () %

$ *

''& 8C9 /'

4$8& & )/ + $% %'

5 %$ )47.$% 67&4.

& 89

5



*'$

"<

4

")

)( &)6

5 %% )47.$% 67&4. 8

$.

, && L& I

).P 6

)*9



On the other hand, there is undoubtedly a very extensive netwofk
of vessels within the muscle so that it ié easy to understand Hoﬁ
readily the circulation may become embarrassed during any protrusion
of the eye.

It is know that venous occlusion of muscle tissue
results in necrosis, oedema, congestion and marked inflammatory
reaction with a leter proliferation of fibroblastic connective
tissue leading to fibrosis and permanent contraction of the muscle
(adams, Denny-Brown and Pearson, 1954). It may be that a stasis
within the extra-ocular muscles is responsible, at least in part,
for the pathological picture which characterises thyrotrophic

exoyhthalmos.
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Effect of pathological changes in orbital tissues.

The effect of the pathological changes which occur in
exophthalmos within the orbit is to produce & hypertrophy of
the orbital contents with a consequent rise in orbital pressure
(Brain, 19385 liulvany, 19443 Doyne, 1945; Juler, 1945; Rundle, 1951;
Craig and Dodge, 1952, 1953), an effect which has been demonstrated
at decompression operation by the tenseness of the orbital fascia
(Rundle and Vilson, 1945; lleadows, 1952). This increase in orbital
tension has been measured accurately by ligller (1955) using a
Tybjaerg-Hansen condenser manometer connected to a needle filled with
fluid which is inserted into the orbital tissues. It may also be
assessed by the method of Copper (1948) who used an orbitonometer to
measure the extent of the retro-displacement of the eye following the
applicatign of a given pressure to the front surface of the eye.

Brain (1938) considered that the muscle weakness of
exophthalmic ophthalmoplegia is due to this increased tension within
the muscle cone. An attempt has been made to refute this concept by
citing certain cases in which the muscle weakness preceded any sign
of proptosis, for example, the cases of lMcGregor (1940), and of
Martin and Pennell (1941), but these cases are examples of ophthalmo-
plegia due to thyrotoxicosis and are not, thefefore, strictly relevant

to the classical syndrome of exophthalmic ophthalmoplegia which is

thyrotrophic in nature.
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The fact that the retro-displacement of the eye
decreases in direct proportion to the degree of exophthalmos
(Kearns, Henderson and Haines, 195%) may be regarded as evidence
that the increase in orbital tension is the immediate mechanism,
or proximete cause (Brunton, 1949), of exophthalmos (Danis and
Mahaux, 1951), although it has been shown by Copper (1948) that
a small rise in orbital temsion may occur without the production of
obvious exophthalnos. It is possible that the lids exercise some
effect in limiting the occurrence of exophthalmos (Rundle and Wilson,
1945) so that the degree of exophthalmos and the degree of orbital
tension are not necessarily equal. The importance of the orbital
tension is stressed by Naffziger (1952, 1954, 1955) who has shown
that the height of the orbital tension is a more important criterion
that the degree of exophthalmos in determining the necessity for a
decompression operation. Furthermore, the value of orbital
radiation may be primarily that it relieves orbital tension, and

thereby reduces the incidence of ocular complications (Lyle, 1952).
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Nature of pathological chanses in extra-orbital tissues.

In a consideration of the pathological changes which
occur in the orbit in endocrine exophthalmos it is important to take
account of the reports of similar changes occurring in other parts
of the body.

Experimentally, Dobyns (1946b, d, e) has shown that the
changes which occur in the orbit of the guinea-pig following TSH
administration are part of a generalised picture, with a dépletion of
all the fat depots in the body and a replacement of the fat by
oedematous fluid, connective tissue and infiltrations of granulocytes,
lymphocytes and tissue macrophages. A jelly-like appearance of the
peritesticular connective tissues, resembling the changes within the
connective tissues of the exophthalmic orbit of the guinea-pig, has
been described by Asboe-Hansen and Iversen (1951) and by Aterman
(1954a). Smelser (1939b) found a minimal amount of oedema throughout
the fatty tissues of the body but, apart from the orbital changes, it
was only marked in the peritoneal fat. Smelser suggested that this
peculiarity of the orbital and peritoneal fat is due to their
structure and not to their location in the body.

Clinically, there are a few reports of a generalised myositis
in association with the fypical changes in the extra-ocular muscles
in progressive exophthalmos (Terplan and others, 1951), but this is
not a common finding snd, for example, the temporalis muscle has been
shown to be entirely normal despite the presence of well-marked changes

in the extra-ocular muscles (Meadows, 1952).
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There is a most interesting association between
progressive exophthalmos and localised areass of skin myxoedema.
These areas of skin myxoedema, like exophthalmos, are part of the
picture of Graves' disease (Ludwig, Boas and Soffer, 19503
Richtsmeier, 1952), and usually occur during the hypothyroid
phase of the disease (Vila nova and Canadell, 1949; Bott, 1950),
particularly after thyroidectomy (Curtis, Cawley and Johnwick, 1949;
Rosman, 1950), although more rarely they may occur during the
hyperthyroid phase (Watson, 1946). There is certainly no
evidence that they are direct manifestations of a pure hypothyroidism
(Mleans, 1949) and, although they have been reported in a case
of myxoedema, this case was complicated by the co-existence of
a pituitary tumour (Degowin, 1946). There is evidence that both
exophthalmos and localised myxoedema are manifestations of the same
hormonal disturbance, possibly an excessive production of TSH
(Degowin, 1946). This will be discussed more fully in a later
section.

The cutaneous myxoedematous patches usually have a
distinct outline and appear symmetrically on the body particularlyv
on the anterior surface of the legs. They are variable in sige and
do not pit on pressure (Viia nova ahd Cafiadell, 1949). They contain
a colourless,sticky, gelatinous substance of & mucinous nature

(Ropes and others, 1947; Grynkewich end others, 1951), probably
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hyaluronic acid (Watson and Pearce, 1947), which infiltrates the
collsgenous tissues (Hanley and Philip, 1952). In addition to the
increased hyaluronic acid within the tissues there is also an increase
in the water content (Watson and rearce, 1949).

Direct injections qf hyaluronidase have proved effective
in decreasing the size of localised areas of skin myxoedema
(Sharlit, 1949; Bott, 1950), although the effect is only temporary
unless firm pressure is applied to the area immediatelj following the
injection (Rosman, 1950; Grynkewich and others, 1951), or unless the
area softened by the injection is aspirated before the tissues become
hardened again (Inch and Rolland, 1953). In some cases the lesions
are prone to recur even after firm padding (Mills and Foosey, 1949).
Means (1949) has reported a case of localised skin myxoedema in
which the swelling dispersed following direct trauma of the affected
area.

There is evidence, therefore, of a close relationship
between exophthalmos and localised myxzoedema (Asboe-Hansen, 1954),
but because they do not always occur together and because, even when
present together, they often do not occur to the same extent, doubt
has been cast on whether the two conditions are attributable to the
same basic mechanism (Beierwaltes, 1954). It may be, however, thet
the greater quantity of collagen in normal skin as compared with the
normal orbit is responsible for the difference in reaction between

the skin and eye lesions, because it is known thet mucin is a
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derivative of collagen (Curtis, Cawley and Johnwick, 1949). Further~
more, it is possible that localised myxoedema occurs more commonly
than normally reported because, when present in a mild form, the

skin lesions are readily overlooked (Netherton, 1949; Engel, 1953).
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Nature of Hormonal Process

There are several hormones which may exert an influence
on the thyrotrophic form of exophthalmos. These will be considered

now.

Relation of thyrotrophic hormone (TSH) to eXOphthalmos;

The anterior pituitary gland secretes several hormones
which are responsible for the regulation of the secretioﬁ of hormones .
from the peripheral endocrine organs, and one of these, the
thyrotroshic hormone (TSH), is directed towards the thyroid gland.

In 1929 Loeb and Bassett found that an extract of the
anterior pituitary gland causes stimulation of the thyroid gland in
the guinea-pig. In 1930 they showed that tiis effect is due to the
TSH in the extract. The thyroid gland acts as a storehouse and
distributing centre for its iodine containing hormone, and TSH
administration causes a reduction in the amount of colloid within
the gland, with a corresponding increase in the amount of thyroid
hormone in the blood (Closs, Loeb and HacKay, 1931). This closely
resembles clinical Graves' disease.

Billingly, O'Donovan and Collip (1939) considered that
there are two fractions of the thyrotrophic hormone, both of which

have an effect on the metabolic rate, but only one of which mediates
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its effect by way of the thyroid gland. Fraeﬁkel-Conrat and
others (1940) isolated a‘highly purified form of the hormone.

A major difficulty in the study of TSH is the absence
of any biochemical test for its detection in the tissues and fluids
of the body. Reliance has to be placed on biological assay. For

exanple, Hertz and Oastler (1936) examined the histological changes

within the thyroid gland in pituitarectomized rats after administration

of the extract to be tested. Smelser (19%8b) measured the height of the

thyroid epithelium of dey-old chicks. Rawson and Starr (1338)
employed the same method as Smelser but using guinea-pigs.
Galli-Mainini (1942) measured the change in oxygen consumption of the
guinea-pig thyroid gland. De Robertis and Del Conte (19Y44) and
ﬁvoskin (1947) observed the alteration in the colloid droplets
within the thyroid epitnelium. Purves and Griesbach (1949)

examined the height of the thyfoid epithelium. D'Angelo and others
(1951a, b) employed the stasis tadpole technigue.

These methods vary greatly in their sensitiveness to
small amounts of TSH. They all have the disadvantage of requiring
an elaborate technique which is difficult to control adequately. It
is possible that some of the anomalous results, which have been
reported, are based on a faulty assessment of TSH assay. In any case
a biological test is unreliable in comparison with modern biochemical
techniques (Duke-Elder and Goldsmith, 1951) and for this reason some

of the conclusions regarding TSH may not be strictly valid. Further-

|
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more, in animal experiments it is apparent that starvation alone
causes a marked reduction of TSH secretion (D'Angelo, 1951) S0
that a change in feeding habits during the experiment nay give
rise to misleading results.

There is considerable doubt regarding the possible
influence which TSH may have on the production of Graves' disease.
It has been found fairly consistently thet there is no evidence of
the presence of the hormone in the urine or serum in thyrotoxicosis
(Hertz and Oastler, 19%6; Rawson and Starr, 1938; Purves and
Griesbach, 1949), and this negative finding is difficult to reconcile
with the straight-forward concept that TSH is the cause of Graves'
disease.

On the other hand Marine (1935) considered that Graves'
disease is due to an excess of TSH, either due to its over-produc-
tion, or due to insufficient formation of anti-thyrotrophic factor.
It may be that an excess of the pituitary hormone escapes detection
because it becomes neutralised by the large amounts of thyroxine
found in thyrotoxicosis. This possibility was shown by Rawson,
Sterne and Aub (1942) by a tissue culture method in which they found
that thyroid gland tissue taken from a cese of thyrotoxicosis can
inacfivate twice the amount of TSH which is inactivated by normal
thyroid tissue. Cope (1938) also considered that the absence of
detectable TSH in Graves' disease is most likely to be due to its
neutralisation by thyroxine. Alternatively he suggested that it

. £ 1
might be due to the presence in the serum o1 large amounts of anti
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thyrotrovhic factor. He found, however, that serum from é case of
thyrotoxicosis did not cause depressioﬁ of metabolism and, therefore,
the former suggestion would appear more likely.

An interesting observation was made by Collard and others
(1940). They injected TSH into two normal persons but were unable
to detect the presence of the hormone in the urine. They considered
however that this result cannot be due purely to fixatidn of the hormone
by the thyroid gland, because the same result was obtained in cases
which had been subjected to thyroidectomy. Cortell and Rawson
(1944) considered that thyroxine could neutralise TSH and that
this neutralisatiion occurs at an extra-pituitary level. It has been
suggested that TSH is not detected in the urine in Graves' disease
because iodine, which may be present in the urine in this condition,
neutralises the hormone. This was investigated experimentally by
Rawson and Starr §19%8), but they did not find any such masking effect.

It would appear thet the basophile cells in the anterior
pituitary are the cells producing TSH. Severinghaus, Smelser and
Clark (1934) showed that thyroidectomy in the rat causes a marked
incresse in size and number of the basophile cells, and a decrease
in acidophile cells. Zeckwer and others (1935) confirmed this
finding, and further showed the presence of large amounts of dense

hyaline material within the basophile cells.
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Ch'en and Van Dyke (1934) demonstrated an increase in
the amount of TSH in the anterior pituitary of thyroidectomized
rabbits.  Zeckwer (1936b) confirmed this finding in the rat.  She
postulated that the accumulation of hyaline material within the
basophile cells represents an incressed secretion of the hormone.
Zeokwér's results were criticised on the grounds that thyroidectomy
causes a hypofunction of the gonads, and that, therefore, the
abnormal cells in the pituitary represent the so-called "castration
cells" which are known to occur in the anterior pituitary following
gonadectomy .« However, in further experiments Zeckwer (1936a)
refuted the criticism by showing that there is a clear distinction
between the "thyroidectomy cells" and the "castration cells". On
the other hand Nelson and Hickman (1937) considered that the two types
of basophilés are identical, although they represent different
phases of a secretory cycle which reacts difflerently to thyroidectomy

and to castration.

There is a considerable wealth of evidence to suggest that
exophthalmos may be attributed to the influence of TSH. This
evidence may be groupéd into two fundamental types. First, evidence
of a direct nature wherein the actual influence of TSH has been deter-
mined, and, secondly, evidence of an indirect nature wherein the

influence of TSH nas been assumed because of a change in the amount of

circulating thyroid hormone.
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Direct evidence that TSH causes exophthalmos.

Experimentally, there is strong evidence to suggest that
TSH is responsible for the production of exophthalmos and that its
effect is independent of the thyroid gland secretion (leans, 1943).
Albert (1945) has shown thet exophthalmos occurs rapidly in the
‘fundulus (common Atlantic minnow) following the injection of anterior
pituitary extracts of various types, and he inferred that TSH is
the causative agent because exophthalmos only occurs in thosefish
showing hyperplasia of the thyroid gland, evidence of thyrotrophic
stimulation. This form of exophthalmos persists after death,
anaesthesia or cervical sympathectomy. Exophthalmos has been
produced also in guinea-pigs by the injection of pituitary extracts
containing TSH (Marine and Hosen, 193%%; Smelser, 1937; Dobyns, 1946a, d;
Rawson, 1949; Ludwig, Boas and Soffer, 1952), and, when these extracts
are incubated with thyroid tissue prior to injection there is a loss of
the exophthalmic effect (Rawson, 1949; Dobyns and Rawson, 1951).
This is a significant result because it is known that TSH becomes
inactivated on exposure to a culture of thyroid tissue (Heinbecker,
1952).  Smelser (1939a) showed that this form of experimental
exophthalmos is independent of the integrity of the sympathetic
nerve pathways or of Muller's orbital muscle.

Aird (1940) demonstrated that TSH~-induced exophthalmos
is dependent on pathological changes in the orbit and it has been

suggested (Curtis, Cawley and Johnwick, 1949; Kemel and Hamdi, 1949)
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that TSH is a potent factor in the formation of oedema and that

~this contributes in a 1arge extent to the production of progressive
exophthalmos. Mann (1950) also has considered that TSH is
responsible for orbital oedema and, in addition, for increased fat in
the orbit. In this connection it is interesting that Albert (1945)
concluded that TSH may exert a direct effect or the orbital tissues

because he found that exophthalmos develops in the fundulus after

local inject.on of the hormone into the orbit. Heinbecker (1949), as

a result of his work on dogs, has considered th:zt TSH shares with
other anterior and posterior pituitary extracts an anti—diuéﬁtic
action and that this water-retaining influence is a potent factor
in the swelling of the intra-orbital contents, particularly, the
muscles, connective tissues and fat, in exophthalmos. It may be
significant thet Copper (1948) found an increased sense of orbital
‘resistance in Cushing's syndrome, although without any exophthalmos,
because it is known that this is a disease of the pituitary basophile
cells which are responsible for the secretion of TSH.

Clinically, there is further evidence that TSH causes
exophthalmos. Stallard (1936, 1957) described an interesting case
of thyrotoxicosis in which TSH was administered at a time when the
basal metabolism was subnormal and the exophthalmos was mild. This
was followed by a transient thyrotoxicosis which gquickly subsided
but with the subsequent development of severe and progressive

exophthalmos. Leiter (1950) has shown that sewere exovhthalmos is
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prone to occur after thyroidectomy in those cases in which there
are abnormally high amounts of TSH in the serum pre-operztively.
this is in keeping with the finding of a high level of TSH in the
serum of certain caszes of progressive exophthalmos (Galli—Mainini,
19423: de Robertis, 1948; Asboe-Hansen, Iversen and Wichmann, 19523
Silvestrini, Melloni and Pasargiklian, 1955), and with the finding
of a low level of TSH in the serum of otﬁer cases of Graves' disease
showing an absence of progressive exophthalmos (de Robertis, 1948).
In certain cases of progressive exophthalmos the increased TSH level
has been noted in the urine instead of in the plasma (Klotz, 1948a).

Ihere is an interesting association between progressive
exo . hthalmos and a localised form of myxcedema affecting particularly
the skin of the pre-tibial region (Villanova and Canadell, 1949;
Grynkewich and others, 1951; Hanley and Philip, 1952), and it may be
that both these lesions are due to a comaon factor. They tend to
occur after the successful medical or surgical treatment of thyro-
toxicosis and the role of TSH is thelr production is strengthened by
the finding of an abnormally high titre of TSH in the urine
(Vil.a mova and Canadell, 1949), particularly as this titre decreases
markedly following oestrogen adainistration in association with a
reduction in exophthalmos and in the sige of_the skin lesions.

The ability of ovarian hormones, particularly the natural
ones (Fran%ois, 1951), to suppress TSH production has been shown by

Lederer (1948) and Frangois (1951) 2nd they considered that the fact
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that these hormones also reduce exophthalmos is further evidence

of the role of TSH in the genesis of exophthalmos. .The role of the
gonadal hormones in exophthalmos will be amplified in a later section
but mention must be made here of the claim that parahydroxypropriophe-
none (PHP), a synthetic oestrogen, may also be of value iﬁ reducing
exophthalmos because of its inhibiting effect on TSH secretion
(Perrault, 1950; Ché&ez ilontes, 1952a, b; Okie, Daley and VWhite,
1952). Fossati, Silvestrini and ilelloni (195%) described four cases
of progressive exoplithalmos treated by pituitary irradiation, and it
is significant thet the level of TSH in the blood became reduced as

a result of this therapy.

Exophthalmos has been reported in newborn babies whose
mothers have been treated for thyrotoxicosis by thyroidectomy
(Keynes, 1952; Skelton and Gans, 1955),by thiouracil (Keynes, 1952),
or by redio-active iodine (Koerner, 1954 ). There is evidence that
the reduction in thyroid function in the mother is responsible for an
over-secretion of TSH which passes across the placental barrier to
influence the developing foetus. Particular support is given to
this concept by the case cited by Koernmer (1954) because, in addition
to the marked exophthalmos and puffiness of the eyelids, the baby
exhibited an enlarged thyroid gland and an abnormally high pulse

rate, further evidence of TSH stimulation.
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Indirect evidence that TSH causes exophthalmos.

There is evidence of a pituitary-thyroid axis whereby
the pituitary and thyroid glands are able to exert an influence
on one another, This concept is of great significance in a
consideration of the role of TS8H in the production of the
exophthalmos because it indicates that a change‘in thyroid
secretion may be responsible for an alteration in TSH secretion.

Pituitary-thyroid relationshivp.

It has been shown that TSH causes an increase in the
uptake of radio-active iodine by the thyroid gland (Stanley and
Astwood, 1949; Bogoroch and Timiras, 1951; Frederickson, Forsham
and Thorn, 1952; Epstein and others, 1953), and also an increase in
the rate of secretion of the thyroid hormone from the gland into
the blood stream (Keating and others, 1945; Heinbecker, 1949;
Albert, Tenney and Ford, 1952). In an interesting experiment
Junqueira (1947) has shown that exposure of the thyroid gland of the
rat to TSH in vitro results in an accumulation of intracellular
colloid within the gland.

There is also evidence that thyroid hormone is able to
exert an infiuence on TSH, and if has been shown clinically that a high -
level of thyroid hormone in the blood is associated with a low level
of TSH (de Robertis, 1948; Purves and Griesbach, 1949; Simkin,
Starr and Hancock, 1953), as demonstrated by the decreased uptake of

radio-active iodine by the thyroid gland (Greer, 1951).
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It is likely that this effect of thyroid hormone is
directly on the TSH and not merely the result of an influence on the
thyroid glsnd causing a décrease in its ability to respond to TSH,
because when exogenous TSH is given during the phase of depressed
thyroid activity following thyroxine administration, the thyroid
gland responds in a normal manner by increasing its uptake of
iodine (Perlmutter and others, 1952). Furthermore, when TSH is
added to a culture of thyroid tissue the TSH becomes inactivated
(Seidlin, 1940; Heinbecker, 1952).

This. pituitary-thyroid relationsnip, or pituitary-
thyroid axis of Salter (1940), is a finely adjusted mechanism and it
has been shown (Purves and Griesbach, 1949) that when the level of
thyroxine in the blood becomes reduced there is a further secretion
of TSH followed by an outpouring of thyroid hormone with a consequent
diminution in the output of TSH until thé whole cycle occurs once more.
This chain of events has been termed an example of a "servo system"
by Hoskins (1949) because it is one in which variations or conse-
quences of varistions in the quantity of the output of the apparatus
are fed back for the control of the system. This mutual
relationship of the two hormones was clearly shown by Galli-Mainini
(1941). Hé demonstrated in the guinea-pig that an intravenous
injection of TSH produces a rise in oxygen consumption of the thyroid
tissue, whereas injection of thyréxine causes a lowering of oxygen

consumpiion. He also showed that if certain proportions of the two
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hormones are injected simultaneously, there is no alteration in the
oxygen consumption. The relationship leads, therefore, to a state
of equilibrium or "homeostasis" (Cannon, 1929), and the functional
- equilibrium may be achieved by the interaction of the two hormones
in the circulation (Means, 1939).

The maintenance of the pituitary-thyroid axis appears
to be independent of nervous impulses. Thyroxine can affect the
thyrotrophic hormone lével with equal facility before and after
complete pituitary stalk section (Uotila, 1940). The transmission
is probably purely a humoral one.

In relation to the pituitary-thyroid axis a fine
.distinction has been drawn between the use of the terms thyrotrophic
and thyrotropic as applied to the thyroid stimulating hormone of the
anterior pituitary. "Thyrotropic" means that the pituitary secretion
turns specifically towards the thyroid, whereas '"thyrotrophic"
indicates that the thyroid is nurtured or maintained by the trophic
activity of the pituitary secretion.

It is natural that a permanent reduction in the secretion
of the thyroid gland may Dbe followed by a prolonged rise in the amount
of TSH in the blood and this may be regarded as an example of a release
phenomenon (Simpson, 1945).  There is certainly no doubt that severe
progressive exophthalmos is a relatively new disease and has followed
in the wake of surgical and medical advances in the treatment of
thyroid disorders (Ruedemann, 1947). It may, therefore, be regarded

as one of the iatrogenic diseases.
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An increased TSH in the blood may be brought about by
surgical removal of the thyroid gland (Gordon, Goldsmith and
Charipper, 1945; Soffer and others, 1947), and it is associated
with a hypertrophy of the pituitary and with én increase in TSH
within the gland. Administration of thyroid hormone restores the
pituitary to its normal size (Mlarine, Rosen and Spark, 193%5).
Increased amounts of TSH may also be found in the urine following
thyroidectomy (Emerson and Cutting, 1938).

An increased TSH in the blood may follow medical treat-
ment with a goitrogen such as thiouracil (Astwood and others, 1943%;
Wackenzie and Mackenzie, 1943; Fralick, 1949; Purves and Griesbach,
1949) which is known to cause a depressed avidity of the thyroid
gland for iodine (d'Angelo and others, 1953%) and which is an effective
therapeutic sgent in the treatment of toxic goitre (Crile, 1947;
Jackson, 1948) by producing a state of functional thyrostasis
(Baumann, Metzger and Marine, 1944). Further evidence that thiouracil
causes an increased production of TSH is found in the histological
changes within the pituitary gland’following thiouracil administration
as shown by an increasé in basophile cells (Salter, Cortell and McKay,
1945; Sellers, Hill and Lee, 1953), and by the fact that exposure
to thiouracil in vitro not only restores the activity of TSH which has
been annulled by previous exposure to iodine but also augments the
activity of normal TSH extracts (Albert and others, 1947a, b;

Jefferies, 1949b).
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It is interesting to recall that some earlier experiments
do not appear to be in accordance with the view thet thiouracil
increases the level of TSH because the reverse effect has been found
(Gordon, Goldsmith and Charipper, 1945). Further investization by
these observers has shown,however, that the decreased level of TSH

is only found when the enlarged thyroid gland is able to mop up the
excess TSH, and that an increased level of TSH is found in the blood
when a thyroidectomised animal is used; an excess which is greater
than may be accounted for solely by the thyroidectomy. Their
experiments confirm, therefore, that thiouracil facilitates TSH
production. In this connection it is of interest to note that
Seidlin (1940) found that TSH injected into the guinea-pig is only
recovered in quantity in the thyroidectomised znimal.

A hypertrophy of the pituitary gland with an increased
secretion of TSH is found in rats maintained on a diet of low iodine
content which failed to provide sufficient thyroxine for normal
metabolic demands (Gassner, Barrett and Gustavson, 1947). This is

a further sign of an inverse pituitary-thyroid relationship.

It follows, therefore, that any evidence which shows,
either that a decrease in the function of the thyroid gland favours
the production of exophthalmos or that the administration of thyroid
hormone is in favoui of the reduction of exophthalmos, may be regarded

as an indirect indication of the responsibility ot TSH in the genesis

of exophthalmos.
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Exophthalmos=-producing following thyroid hypofunction.

(1) Exophthalmos following thyroidectomy.

Experimentally, there ;s evidence that thyroidectomy
alone causes a slight degree of exophthalmos in the guinea-pig
(Dobyns,'1945; Ludwig, Boas and Soffer, 1950; ‘williams, 1953),
and that thyroidectomy intensifies the exophthalmos which follows
- TSH administration (Dobyns, 1946a, d; Smelser, 1947; Ludwig,
Boas and Soffer, 1950; Aterman, 1952a, 1954a); in fact Dayton
(1952) considered that it is essential to carry out a preliminary
thyroidectomy in order to produce experimental exophthalmos by
TSH. Exopithalmos may occur in thyroidectomised rats fed on a
thyroxine-free diet (Leblond and Eartly, 1952).

Clinically, there is also evidence that thyroidectomy in
Graves' disease may be followed by an increase in the degree of
exophthalmos (Thomas and Woods, 193%6; Soley, 19423 Dobyns and
Haines, 1946a, b; Post, 1947; Martin, 1948; Alonso, 1949;
Hunt, 1949; Netherton, 1949; Moffatt, 1951; Woods, 1951b;
Richtsmeier, 1952; Wayne, 1954; Bergfelt, 1955) , particularly
when in the pre-operative stage the ocular signs predominate over
the general manifestations of the disease (Leiter, 1950), or the
B.M.R. is low (Sturgis, 1953) or 1lid ocedema is associated with the
exophthalmos (Robertson,‘1945), or when in the post-operative stage
there is a dramatic fall in the basal metabolic rate (Dobyns, 1945).

Thyroidectomy has been considered to be a greater danger in
































































































































































































