






normal subjects and are detected in
less than 20% of patients with
Graves' hyperthyroidism without
evident eye disease.3 For reasons
that are not clear, eye muscle cell
reactive cytotoxic antibodies that
fix complement are not demon­
strated in patients with oph­
thalmopathy.13 Eye muscle antibod­
ies, including those that are cyto­
toxic to human eye muscle cells,
cross-react with other skeletal
muscle antigens in all reported
studies. In particular, antibodies
reactive in SDS-polyacrylamide gel
electrophoresis (PAGE) and West­
ern blotting with antigens of 64, 55
and 95 kDa 3,14 in eye muscle
membrane react with shared
antigens in other skeletal muscle,
thyroid, ovary, testis and pancreas,
but not brain, spleen or smooth
muscle. The existence of thyroid­
eye muscle shared antigens, and of
the corresponding autoantibodies
in the serum of patients with TAO,
has been clearly shown from liquid
phase absorption in immuno­
blotting and ELISA.15 Thus, with
the possible exception of a 25 kDa
antigen identified in immunoblot­
ting,15 there is presently no good
evidence for the existence of eye
muscle specific antigens.

Sensitized helper and cytotoxic T
lymphocytes reactive with eye mus­
cle specific or eye muscle and thyroid
shared molecules, while not studied
in detail, seem certain also to play
major roles in the development of

the eye muscle inflammation of
TAO.

Another hypothesis for the patho­
genesis of TAO is that the primary
autoimmune reaction is directed
against an orbital fibroblast antigen
with the resulting stimulation of col­
lagen and GAGS production leading
to the massive increase in orbital
bulk that characterizes the disorder.
Proponents of this theory believe
that the eye muscle damage is
secondary to the connective tissue
inflammation around the individual
muscle cells and bundles. It seems
likely that both tissues are targets
for the autoimmune reactions of
TAO. Indeed, a combination of eye
muscle cytotoxic antibodies and
fibroblast-stimulating antibodies
could account for all of the observed
pathologic and clinical manifesta­
tions ofthis disorder. The question
as to whether orbital tissue specific
antibodies or antibodies cross-reac­
tive with thyroid (and other tissue
antigens) are the primary effectors
of the disease will remain unclear
until the antigens are sequenced
and their exact primary, secondary
and tertiary structures known. On
the other hand, it is certain that the
classic thyroid antibodies, namely
those antibodies reactive with the
TSH receptor, thyroglobulin and
TPO, do not cross-react with eye
muscle or orbital connective tissue
antigens, and play no role in the
pathogenesis ofthe eye disorder.
The main theories for the associa-

tion of ophthalmopathy with autoim­
mune thyroid disorders that are still
under active consideration are listed
in Table 1.

Clinical Features

If TAO is viewed as an autoim­
mune inflammation of the eye
muscles and surrounding loose
connective tissues, the resulting
signs and symptoms can be easily
understood.

The general inflammatory pro­
cess is manifested by watering of
the eyes, swelling of the lids and
conjunctiva, pain and discomfort.
The muscle inflammation often
leads to double vision due to disco­
ordinated function of the different
muscles (Figure 4). Once the dis­
ease progresses and the muscles
become scarred and fixed, the dou­
ble vision may be absent. In other
cases, the eye muscle dysfunction is
symmetric and double vision does
not occur. Compromised eye mus­
cle function, manifested by de­
creased movement of the eye in one
or more directions, can be quanti­
tated.

While various attempts to classify
the main lesions associated with
ophthalmopathy have been pro­
posed, it is best to consider the orbit­
al inflammation as involving 1) the
extraocular muscles and 2) the peri­
orbital connective tissues, with sec­
ondary effects on the optic nerve,

Table 1. Some Theories for the Association of
Ophthalmopathy with Autoimmune Thyroid Disorders

1. Thyroid functional abnormalities affect the immune system, leading to loss oftolerance to orbital
antigens.

2. Autoimmune thyroid disorders and ophthalmopathy are linked together genetically - for
example, through common HLA associations.

3. Cytotoxic antibodies and sensitized T cells, or both, react with antigens shared between thyroid
and eye muscle cells.
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Figure 4. Severe eye muscle involvement resulting in a restricted movement of the eyes, particularly the
left eye, in a patient with TAO.

lids and corneum. As the inflam­
mation "bums out," watery eyes
may be replaced by dryness that,
along with exposure due to proptosis
and lid retraction, may lead to cor­
neal ulceration and scarring.

Autoimmune damage of the lacry­
mal glands16 may also be a mecha­
nism for the dry eyes. A summary of
the main clinical features, and their
proposed mechanisms, is given in
Table 2.

Diagnosis an.d Assessmen.t

One of the main problems confron­
ting clinicians and investigators
interested in TAO is the lack of
precision of the available diagnostic
tests and the absence of specific
clinical signs. Considering the eye
muscle to be the main target of the
autoimmune reaction, tests for eye
muscle swelling, dysfunction and,
in the later stages, destruction
should be the most reflective of the
underlying inflammatory process.
Indeed, orbital CT or ultrasound
will show the enlarged eye muscles
during the early phase of the dis­
ease (Figure 5) and muscle thin­
ning in the later stages. While CT
is the most sensitive and quantita­
tive test available,17 it cannot be
considered routine and certainly
cannot be carried out in all patients
with Graves' hyperthyroidism
without apparent eye disease - ie,
those patients in whom such a spe­
cific test would be most useful. In

Table 2. Main Clinical Features of TAO and their Mechanisms

Lesion Effects MainSYTnptoms Mechanism

Extraocular muscle Swelling, then Pain, double vision, Autoimmune
inflammation destruction ophthalmoplegia reactions against

eye muscle antigens

Periorbital Lid, conjunctival Epiphora, blurred Autoimmune-
inflammation swelling vision, irritation stimulation of

fibroblasts

Proptosis Exposure, drainage Discomfort, cosmetic Increased orbital
problems effects contents

Corneal damage Ulceration, scarring Pain, blurred vision Exposure,d~ess

Optic nerve pressure Optic neuritis, loss Pain, reduced vision, Raised intraocular
of vision blindness pressure

Eyelid muscle Retraction, Discomfort, blurred Autoimmune
dysfunction ptosis vision, cosmetic reactions in lid
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Figure 5. Enlargement of the inferior rectus muscle (indicated by the arrow) as seen on CT of the orbits, in
a patient with severe TAO. For comparison, the muscles in the right eye are within normal limits.

contrast, use of ultrasound appears
to offer a harmless alternative that
could be used for routine testing
of the Graves' hyperthyroidism
population.

Classification of the
Eye Changes of TAO

While the standard "NO SPECS"

classification for TAO has been
used for over 20 years,18 and has
generally proved to be helpful to
the clinician, it does not accurately
reflect the pathologic changes in
the various stages of the disease
and cannot be quantitated. More­
over, it is not used extensively by
ophthalmologists. Because of the
need to compare results of treat­
ment trials, and in order to corre­
late levels of antibodies with pa­
rameters of orbital inflammation, a
new classification system is pres­
ently being considered by an
international committee comprised
of representatives of the regional
Thyroid Associations. Attempts
will be made to quantitate the
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main components of the eye dam­
age - namely, eye muscle dys­
function, the periorbital inflam­
matory reaction and the
secondary effects on the optic
nerve, lids and corneum. Oph­
thalmologists will play an impor­
tant role in the development of
such a classification and in the as­
sessment of patients with TAO.
In addition, the various imaging
procedures and tests for eye mus­
cle dysfunction must be standard­
ized for routine use. The most
useful quantitative tests for TAO
are listed in Table 3.

Although the level of intraocular
pressure (lOP) on upgaze is abnor­
mal in many patients with eye
muscle damage, the test is usually
normal in patients with early
disease. However, levels of lOP in
both primary position and upgaze
correlate with the levels of cytotox­
ic antibodies, as measured by
ADCC, in the serum of patients
with advanced eye muscle dis­
ease. 19 These findings suggest that
both tests may reflect the severity
of the eye muscle reaction in pa­
tients with established disease.

Use of Eye Muscle
Antibody Tests

Although measurement of eye
muscle antibodies is beginning to
be accepted as an important aid in
the management of the patient
with TAO, these tests are not
sufficiently well understood to
allow the clinician to make treat­
ment decisions based on their
results. Of the several tests avail­
able for the measurement of eye
muscle antibodies, SDS-PAGE and
Western blotting for antibodies
reactive with an antigen of 64 kDa,
and the ADCC assay, are the most
sensitive and specific.3,14

Antibodies against a 64 kDa
membrane antigen are found in
50% of unselected patients with
TAO and in 75% of those with
disease ofless than 1 year's dura­
tion and clinically evident eye
muscle damage. Tests are also
positive in 20% of patients with
Graves' hyperthyroidism without
evident eye disease - which is not
surprising given the difficulties
associated with the diagnosis of the
ophthalmopathy - but are only
rarely positive in patients with
nonautoimmune disorders and are
hardly ever positive in normal
subjects.

The other test that has been used
clinically for the measurement of eye
muscle antibodies is the ADCC as­
say. Cytotoxic antibodies are found
in the majority of patients with TAO
and only rarely in normal subjects.
This test is also specific and sensi­
tive but suffers from the fact that
one must use fresh human eye
muscle cells as targets and a radio­
isotope label. It is also more tedious
and time consuming than SDS­
PAGE, which is presently used in
the author's laboratory as the clini­
cal test of choice. In the future,
affinity-purified and recombinant
eye muscle membrane antigens
should be available for use in simple
clinical ELISAs.



Table 3. Useful Diagnostic Tests for TAO

The most important role of eye
muscle antibody measurement
would be to identify those patients
with Graves' hyperthyroidism who
are predisposed to develop ophthal­
mopathy. By carrying out prospec­
tive studies of such patients from
the time their hyperthyroidism is
diagnosed, one should be able to
determine the temporal relation­
ship between eye muscle antibodies
and the eye signs as they appear.
Such studies are currently in
progress in our laboratory in
collaboration with the
ophthalmologists.

Management of the
Ophthalmopathy

Although obvious, it should be
emphasized that TAO is an eye dis­
order and, as such, should be treat­
ed by ophthalmologists, ideally in
the setting of a "thyroid/eye clinic."
The notion that thyroid eye disease
is an autoimmune inflammation of
the eye muscles and periorbital
connective tissues will determine
the way in which we manage the
disease.

Test

1. Hertel exophthalmometry
2. Visual acuity
3. Peripheral fields
4. Hess screen

5. Intraocular pressure
measurement

6. CT of the orbit

Although the treatment of TAO is
still far from satisfactory, it has
become more rational as the under­
lying autoimmune abnormalities
have been characterized and the
difference between primary and
secondary manifestations of the dis­
ease recognized. The best approach
would be to identify, on the basis of
positive eye muscle antibody tests,
those patients with Graves' hyper­
thyroidism who are predisposed to
ophthalmopathy, and to prevent the
eye disease by pretreating them
with a specific immunosuppressive
agent (such as a monoclonal anti­
body). While such an approach is
clearly not yet possible, it seems
likely that TAO will one day be a
preventable disease. In the mean­
time, the best approach is to direct
treatment at those parameters of
the inflammation that are most
closely related to the underlying
autoimmune reaction and to develop
laboratory tests that reflect the
degree of activity of those lesions.
In this way, the different forms of
therapy can be compared and their
efficacy in controlling the primary
autoimmune reactions can be as­
sessed and quantitated.20

If the eye disease is mild, no spe-

Finding

Exophthalmos (mm protrusion)
Reduced vision
Peripheral vision loss
Reduced eye movement
(degrees loss)

Increased pressure on primary
position and on upgaze (mm Hg)

Increased eye muscle
thickness (mm)

cial therapy is indicated, although
local measures, as determined by
the ophthalmologist, should be ap­
plied for symptom relief. If the eye
disease were caused by thyroid anti­
bodies that cross-react with eye
muscle antigens, there would be a
good rationale for removal or de­
struction of the thyroid antigen
mass. Indeed, there have been
many anecdotal reports suggesting
that the ophthalmopathy is less like­
ly to occur or progress following total
thyroidectomy; however, this has
never been proven to everyone's sat­
isfaction. Because antithyroid drugs
do not affect the amount of available
thyroid antigen, it seems advisable
to treat with radioiodine or, ifindi­
cated, to carry out thyroidectomy in
order to depress the thyroid immu­
nologic reaction, and, if necessary, to
give antithyroid drugs, to control
symptoms. While there is also some
evidence that the eye disease may
get worse following radioiodine
treatment, perhaps due to a release
oflarge amounts of thyroid-eye mus­
cle shared antigen, this has not been
the author's experience. Since this
risk of radioiodine treatment is
greater in older patients, it may be
advisable to render these patients
euthyroid with antithyroid drugs ­
which may have an immunosup­
pressive effect - and then treat
with radioiodine.

Once the decision is made to treat
the more severely diseased patient
with immunosuppressive or anti-in­
flammatory drugs, many possibili­
ties can be considered.20, 21 The
standard drug is a corticosteroid,
classically prednisone, which is
given in modest doses of 30 to 40 mg
per day. The most commonly used
immunosuppressive drugs are cyclo­
phosphamide and azathioprine,
which act to nonspecifically sup­
press the immune system as well as
the specific orbital autoimmune re­
actions. While there are some theo­
retical reasons for using immuno­
suppressive drugs, most physicians
who treat patients with severe,
active inflammatory disease use
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steroids. For example, in a recent
survey of members of the American
Thyroid Association carried out by
Dr. Steven Feldon for the National
Eye Institute of the NIH, it was
found that the great majority of
endocrinologists used prednisone in
an average dose of 51.2 mg for an
average duration of 89.2 days (S.
Feldon, unpublished observations).
In order to compare the use of
steroids, immunosuppressive drugs
and orbital decompression in the
treatment of active ophthalmopathy,
there is a need for well-controlled
prospective trials. One such trial,
the Graves' Ophthalmopathy Histo­
ry and Systemic Steroids Trial
(GOHSST), is being planned by the
National Eye Institute to study the
efficacy of prednisone in the dose of
0.75 mg/kg in the prophylaxis of
optic neuritis. Unfortunately, there
is no drug that can reverse the eye
muscle damage once it has resulted
in fibrosis. The proptosis also tends
not to change, probably for the same
reasons.

The most important treatment
decision is to determine when vision
is threatened and more extreme
measures are required. Fortunate­
ly, less than 5% of patients with
ophthalmopathy have severe, vision­
threatening disease that requires
emergency treatment. One can give
high-dose steroids (the equivalent of
100 to 200 mg per day ofpredni­
sone), followed, if necessary, by
radiotherapy or orbital decompres­
sion. Most patients with such se­
vere disease are referred directly to
an ophthalmologist who has experi­
ence with vision-threatening
disease.
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Another approach to the treat­
ment of TAO is to use plasmapher­
esis - as the main treatment in
patients with moderately severe
disease, or in association with other
forms of therapy in patients with
severe disease. 22 While spectacular
results have been obtained by some
workers, others have not had as
much success and plasmapheresis
cannot be considered standard ther­
apy even though the rationale for its
use - the removal of cytotoxic eye
muscle-directed antibodies - is
sound. Various combinations of
radiotherapy, immunosuppressive
drugs and plasmapheresis have also
been used with varying degrees of
success. Finally, orbital decompres­
sion can be considered as a treat­
ment for those patients with moder­
ate disease in whom the procedure
would aid in debulking the orbit ­
ie, to reduce the intraorbital pres­
sure. This would also have the theo­
retical advantage of reducing the or­
bital antigen mass.

There are many surgical proce­
dures from which individual pa­
tients may benefit once the eye dis­
ease has "burnt out." Eye muscle
surgery is offered to those with
severe diplopia due to damage of the
muscles, and lid surgery is provided
for patients with cosmetic abnormal­
ities, severe ptosis or lid retraction.

Summary

In the past decade, there has been
a welcome change in attitude
toward TAO, reflecting a much
better understanding of the
underlying autoimmune reactions

in the orbit and a more rational
approach to its treatment. With
the discovery of eye muscle and
orbital connective tissue reactive
autoantibodies in patients with
TAO, there has been renewed
interest in TAO as an organ­
specific autoimmune disorder.
Many groups are now investigating
the nature and significance of such
antibodies, in particular their role
in the progressive eye muscle and
orbital connective tissue inflamma­
tion that characterizes the disease.
A role for cytotoxic antibodies that
react with antigens shared be­
tween the thyroid and eye muscle,
while not proven, offers a plausible
explanation for the development of
ophthalmopathy in 50% of patients
with Graves' hyperthyroidism and
in 5% of those with Hashimoto's
thyroiditis. The existence of such
cross-reactive antibodies can also
explain why the eye disease does
not occur in the absence of overt
thyroid autoimmunity or thyroid
immunologic abnormalities. While
the treatment of TAO is certainly
far from satisfactory, there is hope
that the availability of specific
antibody markers will allow the
eye disorder to be diagnosed in its
very early stages or, better still,
before the onset of signs and symp­
toms. In the latter case, one could
consider the possibility of preven­
ting the ophthalmopathy in
patients with positive antibody
tests, by employing prophylactic
treatment with a specific
immunosuppressive agent. Such
optimism appears justified,
although several years from
realization.
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