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Preface

It is always difficult to review a large body of literature spanning
almost two hundred years without inadvertently ignoring a con-
tribution; hopefully this has been minimal. I have tried to limit
the references principally to those in which there are primary data,
papers which promulgated a major theory, or those which lucidly
address the point footnoted. I am sure that some papers have not
been cited which have made important inroads in our understand-
ing, and I apologize in advance for those omissions.

In writing this book I very much appreciate the advice and
assistance of my editor, Tara Mikesh, Barbara Tansill at Williams
& Wilkins, Hanna Clark, Marly Ortega, and Elissa Murphy who
have graciously produced word processed versions of this manu-
script, and Mike Narahara for the photography. I am also in debt
to Doctors Crowell Beard, Craig Hoyt, and Frank Greenspan who
read portions of the manuscript and made valuable suggestions.
Joan Widdell has, as usual, produced drawings which increase the
lucidity of the text. Dr. David Norman and Robert D. Stone have
kindly allowed me to use CT, MRI, and ultrasound data from our
institution. They have all added much positive input; I take sole
responsibility for the errors.

Devron H. Char, M.D.
San Francisco, California
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CHAPTER 1
Introduction

The association between eye disease and hyperthyroidism has
been recognized for almost 200 years. Parry (1) first described
diffuse toxic goiter and proptosis in 1786. In 1835 Graves (2)
described a female patient: “It was now observed that the eyes
assumed a singular appearance, for the eyeballs were apparently
enlarged, so that when she slept or tried to shut her eyes, the
eyelids were incapable of closing. When the eyes were open, the
white sclerotic could be seen, to a breadth of several lines around
the cornea.” Perhaps Brain (3) made the most telling statement
about thyroid ophthalmopathy when he wrote: “there is an
exception to every statement that can be made.”

There have been more than 40 theories proposed to account
for the development of eye changes in hyperthyroidism since
von Basedow (4) hypothesized that the orbital contents were
probably hypertrophied (“strumous hypertrophy”). The dis-
proven hypotheses for thyroid ophthalmopathy include: cervical
sympathetic stimulation, laxity of the extraocular muscles, or-
bital venous congestion, contraction of the nonstriated orbital
muscles, and the presence of a simple pituitary factor (5-14).

There are many terms and classifications which have been
advocated by various clinicians to describe thyroid eye findings
(Table 1.1), including malignant exophthalmos, infiltrative
ophthalmopathy, endocrine exophthalmos, and thyroid ophthal-
mopathy (15-19). Over 30 eponyms for various eye signs of
thyroid ophthalmopathy exist (see Chapter 4).

This book is written for medical practitioners who manage
patients with thyroid-related eye problems. The thyroid eye
disease literature, even excluding those publications addressing
Graves’ disease in general, is voluminous. Approximately 800
manuscripts have been published on thyroid ophthalmopathy
since its first clinical description in 1786. The etiology, patho-
physiology, diagnosis, and treatment of hyperthyroidism and its
associated ophthalmopathy remain an enigma to many physi-
cians who must evaluate and treat patients with these condi-
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2 THYROID EYE DISEASE

Table 1.1.
Thyroid and Euthyroid Ophthalmopathy: Descriptive Terms

Thyrotoxic exophthalmos

Progressive exophthalmos

Malignant exophthalmos

Exophthalmic ophthalmoplegia

Thyrotropic exophthalmos
Hyperophthalmopathic form of Graves’ disease
Edematous exophthalmos of endocrine origin
Infiltrative ophthalmopathy

Endocrine exophthalmos

Exophthalmic goiter

Thyrotropic exophthalmos

Postoperative exophthalmos

Exophthalmic ophthalmoplegia

tions. In some areas researchers and clinicians have improved
our understanding of these disease processes; orbital scanning
procedures have increased diagnostic accuracy and have dem-
onstrated the mechanism of thyroid optic neuropathy (see Chap-
ter 6). In other areas, historical theories, unsupported by con-
trolled clinical trials, still influence the management of thyroid
ophthalmopathy. As discussed in Chapter 6, the effect of various
hyperthyroidism therapies (surgery, drugs, and radioactive io-
dine) on thyroid eye disease is still unclear.

A number of major issues remain unresolved in thyroid
ophthalmopathy. These include:

1. What is the relationship between thyroid disease and eye
findings? Are these components of the same disease or are they
separate, but closely related, entities?

2. What is the role of the thyroid in the development of
euthyroid ophthalmopathy?

3. Why do some patients with hyperthyroidism develop eye
changes while other patients do not?

4. What is the relationship between the course of treated
systemic thyroid disease and thyroid ophthalmopathy?

5. Why do a small minority of thyroid ophthalmopathy pa-
tients develop serious ocular sequelae while most do not?

6. What are the inciting factors for and pathogenesis of thyroid
eye disease?

7. What mechanisms are responsible for asymmetric thyroid
disease with either unilaterality or predominant inferior rectus
muscle involvement?
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This book stresses the diagnosis and management of thyroid
eye disease and offers ophthalmologists a thorough overview of
the associated eye changes. While there have been some excel-
lent reviews of components of thyroid ophthalmopathy, no cen-
tral text has brought these diverse areas together (20-30). The
purpose of the present work is to consolidate current ideas of
pathogenesis, diagnosis, and management. Chapter 2 is an
overview of current concepts regarding thyroid regulation and
the pathophysiology of Graves’ disease. Chapter 3 discusses the
use of nonocular tests in establishing the diagnosis of thyroid
ophthalmopathy. Chapter 4 covers the eye signs, differential
diagnoses, ocular tests, and orbital studies useful in diagnostic
evaluation. Chapter 5 discusses current concepts of pathogenesis
and pathophysiology. Chapter 6 outlines the natural history of
thyroid eye disease; it includes the development of major com-
plications such as restrictive myopathy, exposure, optic neurop-
athy, and the effect of systemic therapy on the ocular disease.
The remainder of the book suggests a rational approach to the
management of thyroid eye disease. An overview of treatment
is presented and medical, radiation, and surgical approaches to
therapy are outlined. A surgical atlas covers most of the proce-
dures which this author has found useful in the management of
thyroid ophthalmopathy.
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CHAPTER 2

Normal Thyroid Gland and
Mechanisms of Hyperthyroidism

NORMAL ANATOMY AND PHYSIOLOGY

The thyroid gland weighs approximately 20 grams; its upper
isthmus margin can be palpated just below the cricoid cartilage.
The gland has a rich vascular and lymphatic supply. Kriss and
co-workers have demonstrated, using radionucleide tracer tech-
niques, that the lymphatic drainage from both the thyroid gland
and the orbit is into the cervical lymph node chain (1).

The thyroid gland is composed primarily of acini, or follicles,
closely packed saccules invested with a rich capillary network.
The clear proteinous colloid they contain constitutes the thy-
roid’s major mass. lodination and the initial phase of hormone
secretion occur at or near the apical microvilli of follicular cells
located in the colloid (2). Thyroglobulin, a protein which is the
major component of the colloid, is the matrix in which thyroid
hormones are formed and stored.

A hypothalamic-anterior pituitary-thyroid complex, modu-
lated by a negative feedback loop, regulates thyroid function
(Fig. 2.1) (3, 4). The cerebral cortex may also play a role, by
regulating hypothalamic secretion of the TSH-releasing hor-
mone TRH. TRH, a tripeptide synthesized in the supraoptic and
paraventricular nuclei of the hypothalamus, is stored in the
median eminence and reaches its target organ through the
hypophyseal portal venous circulation. In the anterior pituitary
it is specifically bound to thyrotroph and lactotroph cells and
stimulates adenylate cyclase.

TRH acts to promote the release and synthesis of the thyroid
stimulating hormone, thyrotropin (TSH), by bonding with thy-
rotroph cells in the anteromedial portion of the adenohypo-
physis. This action is inhibited mainly by unbound (free) T, and
T; hormones, which diminish the number of available TRH
receptors on pituitary thyrotrophs. Although TRH and thyroid
hormones are the major components of the homeostatic control

5
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Cortex
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Figure 2.1. Schematic diagram of hypothalamic-anterior pituitary-
thyroid interactions.

mechanism for TSH release, somatostatin, dopamine, steroids,
iodide, and other compounds can all modulate this servocontrol
circuit.

The glycoprotein TSH is composed of alpha and beta subunits
(5). Many of its effects on the thyroid gland are mediated by
cyclic AMP. In addition to the exogenous anterior pituitary
influence, the thyroid gland also has some autoregulatory ca-
pacity.

Hormone formation in the thyroid gland occurs in three steps:
active iodide transportation into the thyroid, iodide oxidation
and iodination with tyrosyl residues to form inactive iodotyro-
sines, and coupling of iodotyrosines to form T, (thyroxine) and
T,. Release of hormones from the thyroid gland is also an active
process requiring thyroglobulin hydrolysis and release of iodo-
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thyronines (T, and Ts) prior to exit into the lymphatic and
systemic circulations.

Almost all thyroid hormone is released as T, (thyroxine);
peripheral conversion of that hormone produces more than 80%
of the body’s T; (6). T, is highly bound to two serum proteins,
thyroxine binding alpha globulin (TBG) and thyroxine binding
prealbumin (TBPA) (7). Ts binds mainly to TBG. Both T, and T
are minimally bound to plasma albumin. Numerous conditions
alter TBG concentrations (Table 2.1); while these do not affect
the amount of hormone which enters the cell, they can artifac-
titiously alter the laboratory assessment of T, and T; levels.
Some systemic illnesses, pregnancy, and drugs can also alter

both hormone secretion and the peripheral conversion of T, to
Ts.

MANIFESTATIONS OF HYPERTHYROIDISM

Hyperthyroidism (termed von Basedow’s disease in Europe)
most commonly presents in the third or fourth decade of life
with a female:male ratio between 4:1 and 7:1 (8, 9). The United
States incidence of this disease is estimated to be 0.4% (10).
Thyrotoxicosis can result from overproduction of hormone by
the thyroid (true hyperthyroidism), from inflammation-induced
glandular hormone leakage, from oral ingestion of excess thyroid
hormone, or (rarely) as a result of extrathyroidal hormone pro-
duction.

Graves’ disease or diffuse toxic goiter, actually a constellation

Table 2.1.
Thyroxine Binding Alpha Globulin (TBG) Alterations

1. Increases TBG levels
. Genetic predisposition
. Pregnancy
. Neonatal period
. Drugs: estrogens, birth control pills, perphenazine, etc.
. Liver disease: biliary cirrhosis, hepatitis
ecreases TBG levels
Genetic predisposition
Steroids
Systemic illness
Nephrotic syndrome
Acromegaly
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8 THYROID EYE DISEASE

of disorders including diffuse primary thyroid hyperplasia and
thyrotoxicosis, is one of a number of conditions associated with
elevated levels of thyroid hormones. It is often accompanied by
ophthalmopathy and occasionally by an infiltrative dermopathy.
Rare hyperthyroid patients develop thyroid acropathy, which
encompasses endocrine exophthalmos, pre-tibial myxedema
and peripheral clubbing.

Other causes of thyrotoxicosis which are not associated with
ophthalmopathy include toxic multinodular goiter, toxic ade-
noma, inappropriate thyroid stimulation (tumors, molar preg-
nancy, hypothalamic-pituitary abnormalities, etc.), thyrotoxi-
cosis factita and diffuse micronodular goiter (11). Only in Graves’
disease is there a statistically significant increased prevalence
of eye disorders although eye findings occur in approximately
2% of Hashimoto’s disease patients and occasionally in individ-
uals with primary hypothyroidism, thyroid cancer, and those
with a history of other forms of thyroid inflammation (12-15).

While eye signs and symptoms can be present at the time of
diagnosis in 20-40% of Graves’ disease patients, less than 20%
of hyperthyroid patients initially present to their physician
because of ocular manifestations without a history of hyperthy-
roidism (18-27). Most hyperthyroid patients seek medical care
because of the systemic signs and symptoms of thyrotoxicosis:
gradually occurring nervousness, irritability, emotional lability,
fatigue, weight loss, abnormal heat sensitivity, increased sweat-
ing, palpitations, and weakness. In individual cases, different
elements of this symptom complex may predominate. Occasion-
ally patients seek help because of excess thyroid hormones, or
after exacerbation of other systemic illnesses such as cardiac
disease, or with acute thyrotoxicosis. The frequency of signs and
symptoms in 247 thyrotoxic patients is shown in Table 2.2 (28).

In all forms of true hyperthyroidism there are increased levels
of circulating T; and T,; the serum T; is usually increased
proportionately more than the T, concentration, leading to an
abnormally elevated T;/T, ratio. In as many as 10% of hyperthy-
roid patients, only T, levels are elevated (T toxicosis). A signifi-
cant number of patients referred to ophthalmologists for the
diagnosis of proptosis have thyroid ophthalmopathy with normal
or borderline elevated T, and elevated T; levels (16, 17). In
almost all forms of hyperthyroidism, TSH secretion is sup-



NORMAL THYROID GLAND AND HYPERTHYROIDISM 9

Table 2.2.
Signs and Symptoms in Thyrotoxicosis Patients®
% of Cases Symptoms Signs
85-100 Nervousness, sweating, Tachycardia, goiter, skin
heat insensitivity, changes, tremor

palpitation, fatigue,
weight loss

70-85 Tachycardia, dyspnea, Thyroid bruit, eye signs
weakness
30-65 Increased appetite, eye

symptoms, leg swelling,
increased bowel
movements

“ Modified from Williams, RH: Thiouracil treatment of thyrotoxi-
cosis: the results of prolonged treatment. | Clin Endocrinol 6:1, 1946.

pressed, making thyrotropin levels either low or unmeasurable.
In these situations the thyroid gland functions independently of
the pituitary-hypophyseal axis.

An enlarged thyroid gland (goiter) and bilateral exophthalmos
are the most characteristic signs of Graves’ disease, present in
approximately ¥ of patients at the time of diagnosis (29-31).
(Eye signs are discussed in detail in Chapter 4.) The thyroid
gland is usually diffusely enlarged in hyperthyroid patients;
however, many patients examined first because of eye findings
have a normal gland, depending on the evolution of the thyroid
gland pathology (22, 25). When there is diffuse enlargement of
the gland, a thrill may often be palpable and a bruit audible over
the thyroid. Patients usually have a tremor, warm, moist skin,
and tachycardia, appear flushed due to increased cutaneous
blood flow, and display nervous behavior. Often there are other
integumentary changes including hair loss, brittleness, or in-
creased fineness, soft nails, increased skin pigmentation, and
vitiligo.

PATHOGENESIS OF HYPERTHYROIDISM

A number of clinical and research observations document the
autoimmune nature of Graves’ disease; however, neither the
initiating events nor the precise immunopathology is well delin-
eated (32-36). Graves’ disease, Hashimoto’s thyroiditis, and pri-



