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INTRODUCTION: Hyperthyroidism or thyrotoxicosis is a syndrome resulting 
from the action of excessive circulating thyroid hormones. The causes are 
listed in Table 1 (1). 

TABLE 1. Classification of Hyperthyroidism 

1. Toxic diffuse goiter (Graves', Basedow's, or Parry's 
disease; exophthalmic goiter) 

2. Toxic nodular goiter (Plummer's disease) 
a. Toxic uninodular goiter 
b. Toxic multinodular goiter 

3. Toxic goiter with functioning nodules and parenchyma 
(Marine-Lenhart syndrome) 

4. Toxic goiter with chronic thyroiditis (Hashitoxicosis) 
5. Subacute thyroiditis 
6. Malignant goiter 
7. Struma ovarii 
8. Paraneoplastic syndromes 

a. Pituitary tumors 
b. Trophoblastic tumors 
c. Miscellaneous tumors 

9. Exogenous thyroid administration (thyrotoxicosis factitia 
and medicamentosa) 

10. Iodine-induced hyperthyroidism (Coindet's disease, Jod
Basedow) 

11. Neonatal thyrotoxicosis 

GRAVES' DISEASE: Graves' disease is a form of thyrotoxicosis character
ized by: (1) toxic diffuse goiter 

(2) exophthalmopathy (frequently) 
(3) dermopathy (occasionally) 

Within the entity of Graves' disease we will discuss mainly the second feature-
leaving for a possible future date other facets of the disease. 

HISTORY 
"In 1825, the previously unpublished writings of Caleb Hillel 

Parry were made available in book form. Parry described therein 
seven patients who had developed heart failure without evidence 
of heart disease. He associated the heart failure with the pres
ence of a 'bronchocele of the thyroid. 1 The first of his patients, 
seen in 1786, also manifested a 'remarkable extrusion of the globes 
from the socket.' 

Ten years later, Robert Graves described three women, all of 
whom presented with marked palpitation and swelling of the thyroid. 
He distinguished the thyroid swelling from bronchocele and proposed 
that the thyroid was the cause of the palpitations inasmuch as tume
faction of the thyroid did not develop in patients with a variety 
of organic heart diseases in whom palpitation was a prominent symp
tom. He had records of a fourth patient, which had been given to him 
by a friend: 
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The eyes assumed a singular appearance, for the eyeballs were 
apparently enlarged, so that when she slept or tried to close her 
eyes, the lids were incapable of closing . When the eyes were 
open, the white sclerotic could be seen for a breadth of several 
lines, all around the cornea. 

In 1840, 5 years after Graves' paper appeared, von Basedow, 
a practicing physician in Merseburg, Germany, recorded his ob
servations on four patients. All had eye changes which appeared 
in association with 'a goitrous swelling of the thyroid' and 
with 'intumescence of the cellular tissue behind the bulbus.' 
He also cited· several patients in the French literature with this 
same association but not recognized as an entity. 

Von Basedow described stare and proptosis in the first of his 
patients and carefully listed, from this patient, most of the 
classic symptoms of hyperthyroidism. In his second patient, 
also hyperthyroid, he described localized myxedema with the cel
lular tissues of the legs greatly thickened by 'deposition of a 
plastic gel not leaking on acupuncture.' As for the eyes, they 
were proptotic , 'the bulbus felt tense, and was hard to push 
back' (retrobulbar resistance) and the patient felt tension 
behind the globes as well as occasional pain in her eyes. A 
remarkable response of all involvements followed the ingestion 
of mineral water on each of several occasions . The third pa
tient suffered bilateral corneal ulceration and perforation. 
The fourth patient showed amelioratio.n of the disease during 
pregnancy. In his speculations about pathogenesis, von Basedow 
proposed that the 'strumous hypertrophy of the cellular tissues' 
in both orbits and thyroid was secondary to a tuberculous pro
cess ( 'schrophel'). 

For sheer completeness of clinical description, von Basedow 
is clearly the choice over Graves or, seldom mentioned nowadays, 
Parry. In terms of clinical characterization, von Basedow's 
interest was centered primarily on the eye changes. He described 
the changes of class 1 through class 6, but also he observed 
localized myxedema and differentiated it from true edema, and 
he recorded most of the systemic manifestations of hyperthyroid
ism including ·the beneficial effect of iodides and pregnancy. 
In terms of priority, on the other hand, Parry clearly was 
first and von Basedow last. Parry and Graves described proptosis 
(class 1 eye changes) but were primarily concerned with heart 
failure (Parry) or palpitations (Graves) in the absence of organic 
heart disease. 

From the standpoint of pathogenesis or recognition of the 
thyroid as the cause of the disease, however, · Graves would seem 
to come out the winner. He recognized that the thyroid swelling 
was not due to bronchocele, which Parry thought was the case. 
Equally, although von Basedow also recognized the thyroid as a 
discrete and enlarged organ, he postulated that the swellings 
of the thyroid, ocular, and leg tissues, and the disease picture 
as well, represented an odd manifestation of tuberculosis. Thus, 
the eponym, 'Graves' disease, 1 seems to have been coined on the 
basis of Graves' willingness to make a direct clinical correla
tion." (2) 
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CLINICAL PRESENTATION: The severity of the eye disease can be conven
iently classified according to the American Thyroid Association recommenda
tions (Tables 2 and 3). 

TABLE 2: Abridged Classification of Eye Cbanges 
of Graves' Disease* 

Classt Definitiont 

0 No physical signs or symptoms 
1 Only signs, no symptoms (signs limited to 

upper lid retraction, stare, and lid lag) 
2 Soft-tissue involvement (symptoms and signs) 
3 Proptosis 
4 Extraocular muscle involvement 
5 Corneal involvement 
6 Sight loss (optic nerve involvement) 

* (From Werner SC: J Clin Endocrinol Metab 44:203, 
1976) 
tEach class usually, but not necessarily, includes the in
volvements indicated in the preceding class 
t First letters of each definition constitute the mnemonic 
NO SPECS. Apart from helpfulness for those who use 
mnemonics for recall, the NO indicates the usually non
threatening prognosis of classes 0 and 1 (class 1 was 
formerly termed "mild" or "noninfiltrative" ophthal
mopathy), and SPECS, the serious nature of involve
ments, class 2 through class 6 (formerly "severe" or 
"infiltrative" ophthalmopathy) 

Incidence. The mildest form, class 
1, is the most frequent (at least 50%), 
and severe exophthalmopathy occurs in 
2-10% of cases. 

TABLE 3 : Detailed Classification of Eye Changes 
of Graves' Disease* 

Class 

0 
1 
2 

3 

4 

5 

6 

Gradet 

0 

a 
b 
c 

0 
a 

b 
c 

0 

a 

b 
c 

0 
a 
b 
c 

0 

a 

b 
c 

. Suggestions for grading t 

No physical signs or symptoms 
Only signs§ 
Soft-tissue involvement with 

symptoms and signs 
Absent 
Minimal 
Moderate 
Marked 

Proptosis 3 mm or more in excess of 
upper normal limit, with or 
without symptoms§ 

Absent 
3-4 mm increase over upper nor

mal 
5-7 mm increase 
8 or more mm increase 

Extraocular muscle involvement 
(usually with diplopia, other 
symptoms and other signs) 

Absent 
Limitation of motion at extremes 

of gaze . 
Evident restriction of motion 
Fixation of a globe or globes 

Corneal involvement (primarily due 
to lagophthalmos) 

Absent 
Stippling of cornea 
Ulceration 
Clouding, necrosis, perforation 

Sight loss (due to optic nerve in
volvement) 

Absent 
Disc pallor or choking, or visual 

field defect; vision 20/20-20/60 
Same, but vision 20/70--20!200 
Blindness, i.e., failure to perceive 

light, vision less than 20/200 

* (From Werner SC: J Clin Endocrinol Metab 44:203, 
1976) . . 
t Grades indicate minimal (a or 1 + ), moderate (b or 
2+), marked ( c or 3 +) degrees of involveme_nt~ grade 
o indicates no involvement. Normal upper hm1t may 
vary 2 mm plus or minus, depen?ing on eth~ic factors, 
or be increased with severe myopia or other mfiuences 
t The suggestions for grading classes 1 through 3 differ 
from those in the original classification 
§ Proptosis to 22 mm, discrepancy between eyes of 3 
mm or more, and oberved advance of 3 mm or ~or_e, 
if maximum proptosis is less than 22 mm, remam m 
class 1 or if there are no symptoms; class 2, if symp
toms are present. Proptosis 23 mm or more is placed in 
class 3, even in the absence of symptoms (see text) 
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CLINICAL PRESENTATIONS 

Patients with exophthalmos can be thyrotoxic, euthyroid, or hypothyroid 
when they present to the physician. The condition may be unilateral or bi
lateral. The determination of whether the disease is bilateral is sometimes 
difficult because of the variation encountered in the measurement of promin
ence in normal eyes. Drescher (Sb) reported an asymmetry of up to 2 rnrn in 
exophthalmometer measurements of 100 normal persons. In these 100 normal 
persons, measurements of proptosis ranged from 10 to 24 rnrn when measured by 
the Hertel exophthalmometer, and this led the author to conclude that it is 
impossible to diagnose exophthalmos unless: (1) it is obviously bilateral, 
(2) previous readings have been taken, or (3) asymmetry of the eyes of more 
than 2.5 rnrn exist. · Readings between 22 and 24 rnrn should be viewed with sus
picia~and those beyond 24 mrn are almost universally abnormal in all races. 
Blacks can have readings up to 22 rnm~ and orientals usually have less than 
20 mm. 

The severity of the exophthalmos should be classified according to 
recommendations of the American Thyroid Association which are shown in 
Tables 2 and 3. This classification has the advantage that it provides a 
written descriptive record of the degree of exophthalmos which can be util
ized by the physician to assess the progression of the disease. 

CZinicaZ picture: CZass Z eye changes. The ocular picture ·is marked 
by signs, not symptoms. The patient frequently complains that one eye has 
recently become enlarged or that both have changed. The most characteristic 
sign is retraction of the upper lid (Dalrymple's sign) . Usually~ with the 
patient relaxed and the eyes directed straight ahead, the upper lid comes 
to rest just above the upper border of the pupil and crosses the limbus at 
10 and 2 o'clock. The border of the lower lid is at about the level of the 
limbus. True upper lid retraction must be measured with the patient relaxed 
and is present when the position of the upper lid is higher than the normal 
and is at the limbus or above so that a rim of sclera is visible . When 
observed, this sign may be considered diagnostic of Graves' disease unless 
otherwise proven. The exact mechanism for the production of upper lid re
traction has never been elucidated. It does not result simply from sympa
thetic overactivity secondary to thyrotoxicosis~ for it may appear without 
hyperthyroidism and tends to persist after control of the disorder. It is 
usually more marked in one eye than in the other~ and it is rarely accompanied 
by pupillary signs. 

Closely associated with upper lid r etraction is the phenomenon of lid 
lag (Von Graefe sign) . Thi s is t he tendency of the upper lid to lag behind 
the globe as gaze is directed pr ogressively downward . It is helpful to test 
for this sign with the patient in the supine position~ as gravity will exag
gerate it . 

CZass 2: soft tissue involvement . The patient complains of increased 
lacrimation, lids swelling~ photophobia, and a sandy feeling of the eyes-
most marked on arising in the morning. An early and important physical sign 
is fullness of the lids with tightness of the skin. Orbital fat prolapses 
through potentially weaker portions of the orbital septum, nasally in the 
upper lid and temporally in t he lower. The lacrimal gland also becomes pal
pable. The eyes become injected, and there is gross dilatation of the bulbar 
vessels on the temporal aspects of the globe . The conjunctiva at first ap
pears glassy and water logged. As the condition progresses, chemosis (con
junctival edema) may become so severe that the conjunctiva prolapses between 
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the eyelids. All these signs can be accounted for by edema resulting from 
increased mucoprotenacious infiltration with water binding, round cell in
filtration, and the resulting increase in fat and extracellular muscles 
leading to increased pressure within the orbit. 

Class 3: proptosis. True exophthalmos can develop with the onset of 
ocular involvement. Although its degree does not necessarily parallel the 
clinical severity of the orbital process, about 2/3 of patients in class 1 
or 2 through 6 develop proptosis 21 mm or more. Thus, the protrusion may 
or may not be accompanied by the symptoms and signs of class 2. Advance of 
exophthalmos is often so rapid that the lids cannot be closed over the eyes. 
Incomplete closure, called lagophthalmos, may develop. There is risk of 
corneal injury (class 5) from drying or injury in extreme cases. Proptosis 
may reach 32 mm as a maximum. 

Class 4: extraocular muscle involvement. About a third of the patients 
with eye changes have this complication. It is probably, but not proven, 
that inflammation with loss of elasticity is the earliest change in the extra
ocular muscles. Subsequent fibrosis then adds to the limitation of ocular 
movement that may become evident in one or both eyes and one or more direc
tions. Characteristically, the inferior rectus muscle is the first to be 
affected, resulting in limitation of elevation. Decrease in lateral movement 
occurs later. Thus, upward lateral gaze is commonly lost; whereas, downward 
movement is impaired less frequently. Inasmuch as ennervation to the muscles 
of both eyes is equal (Hering's Law), if one tries to observe an object with 
the more severely involved eye, it will frequently cause the less severely 
involved eye to overshoot. A late development is fixation of the eyes-
usually in depression, as all the movements become more or less uniformly 
restricted. 

Class 5: corneal involvement. The triad of upper lid retraction, in
ability to elevate the eyes, and exophthalmous leads to corneal exposure 
which results in drying and ulceration. Secondary infections may be estab
lished and can lead to perforation of the globe with resultant loss of the eye. 

Class 6: sight Zoss from optic nerve involvement. The optic nerve may 
rarely be involved. In a reported series of 26 patients, one had papillo
edema, four had papillitis, 21 had retrobulbar neuritis; involvement was uni
lateral in 8 and bilateral in 18. The changes presumably resulted from in
creased pressure in the muscle cone and the apex of the orbit, interfering 
with the blood supply to the optic nerve. 

Course. The course and duration of the changes of class 2 through class 
6 are extremely unpredictable. The onset may precede hyperthyroidism, but 
more frequently it may follow treatment of hyperthyroidism by either thyroid
ectomy, antithyroid drugs, or radioactive iodine. It is the impression of 
some authors that the rate of control of the hyperthyroidism may be a signi
ficant precipitating factor worsening the disorder. The onset is usually sub
acute, although the condition may develop very rapidly or very slowly with a 
wide variability in character and extent of involvement. In the beginning 
only one eye may appear to -be involved, but sooner or later the second eye 
becomes affected. Only infrequently do the eyes return completely to normal. 
They eventually become comfortable, but the patient is left with some degree 
of upper lid retraction, lid fullness, exophthalmos, and fibrotic changes. 
Diplopia usually becomes less and less annoying, mainly because the patient 
learns to use monocular vision. 
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When a patient presents with unilateral exophthalmos, the presence of 
clearcut thyrotoxicosis facilitates the diagnosis of the cause of the uni
lateral exophthalmos. But, in cases where this diagnosis is not suspected, 
Graves' disease still remains the second most common cause of unilateral 
exophthalmos ranging up to 36% in some series. 

IntraocuZar pressure. Great variations in intraocular pressure have 
been reported in patients with endocrine ophthalmopathy. These variations 
have been found to be due to the position of the eye. When an ophthalmo
plegic patient with large edematous extraocular muscles characteristic of 
endocrine ophthalmopathy turns the eye upward, the pressure of the inferior 
muscles against the globe raises the intraocular pressure. Pohjanpelto 
(42) found that the postural pressure elevation varies from 2-14 mm Hg in 
all the exophthalmic eyes with ophthalmoplegia and no differences were 
recorded in some mild cases. The pressure in patients with endocrine ex
ophthalmos should be measured with the eye 5-10 degrees below the horizon
tal, and failure to preserve this precaution results in seeing a few patients 
with an incorrect diagnosis of glaucoma. The incidence of glaucoma in his 
series was only 2 patients out of 31. 
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PATHOLOGY 

The position of the globe in the orbit is roughly similar to that of an 
egg in an egg cup. Padding the bottom of the cup will cause the egg to sit 
higher. If the egg is prevented from rising, the pressure behind will in
crease. The average volume of the orbital cavity is 26 ml (Rundel and Rochin) 
(6). An enormous 70% of this is occupied by retrobulbar and peribulbar struc
tures. The average weight of these structures is 18.9 g, which is made up of 
3.3 g of eye muscles, 0.65 g of lacrimal gland, and 15 g of fibrofatty tissue. 
Of the last named, about 12 g is recognizable as fat, 2.5 gas Tenon's capsule, 
and 0.6 g as nerves and blood vessels. The degree of proptosis is simply de
termined by the amount of orbital tissues and the extent to which they fill the 
orbital cavity. If one assumes an orbital volume of 26 ml and a specific 
gravity of 0.96, then an increase in orbital volume of only 4 ml will result 
in 6 mm of proptosis. Rundel and Pochin (6) demonstrated in their patients 
that the water content of the fat-free components of orbital tissue was normal, 
but that the fat content of extraocular muscles, and particularly of the lac
rimal gland and levator palpebrae superior muscle, was increased absolutely. 
The average extraocular muscle fat content was double and, although the changes 
were most pronounced in the levator palpebrae superior, the increased fat con
tent of orbital fibrofatty tissue was the main contributor to the bulk of the 
orbital contents. In experimental animals where exophthalmous is induced, 
Smelser (7) found that hypertrophy of the orbital contnet was clearly due to 
increased water content and that the fatty content component did not change in 
exophthalmous. The discrepancy may demonstrate that experimental exophthalmous 
.in animals is an.imperfect model for the human condition. Orbital fat from 
patients with Graves' disease have shown focal accumulation of lymphocytes and 
plasma cells with occasional polymorphonuclear leucocytes. Connective tissue 
septa between the lobules are thickened, but the degree of fat replacement by 
connective tissue may vary from a slight thickening of the septa to complete 
fibrosis (Riley) (8). Electron micrographs showed that interspersed among the 
lipid deposits are clusters of newly formed collagen containing an amorphous 
material that has staining characteristics similar to those of hyaluronic acid. 
Bently (9) has estimated that doubling the concentration of hyaluronic acid 
will produce a 5-fold increase in osmotic pressure, and this accounts for its 
profound water-binding properties. Multiple authors have confirmed the pres
ence of increased mucopolysaccharides in experimental exophthalmous, and Haddad 
(10) has shown increased hyaluronic acid in the retroorbital tissues in a 
patient with malignant exophthalmous. Winand (13) has reported increased 
urinary excretion of acid mucopolysaccharides in exophthalmic patients. Accord
ing to Riley (8), fibroblasts have been shown to be capable of secreting all 
the substances implicated in the production of proptosis including collagen, 
lipoproteins, sulphated and nonsulphated glycosaminoglycans, and the extrasera 
interaction of these substances aid in the organizing and stabilizing collagens 
(Table 4). 

TABLE 4 

Alterations Occurring in Orbital Tissues With 
Endocrine Exophthalmos 

1. Mucopolysaccharide content increased 
2. Water content of tissues increased 
3. Connective tissue increased 
4. Mast cells increased 
5. Lymphocytic and chronic inflammatory cell .infiltration 
6. Orbital fat co.1tent decreased; may be increased with 

thyrotoxicosis 
7. Edema ami degenerative changes in extra-ocular muscles 
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Extraocular muscles. Kroll and Kuwahara (11) have shown that extraocular 
muscles in Graves' ophthalmopathy are firm, rubbery, and enlarged 2-8 times. 
There is extensive interstitial edema and the muscles are infiltrated with 
lymphocytes, plasma cells, macrophages, and mast cells. No consistent abnorm
alities in the muscle cells themselves were demonstrated by them, but later 
Riley (8) demonstrated by electron microscopy some disorganization and loss 
of striations in the muscles of three exophthalmic patients. 

Optic nerves. The increase in volume of orbital contents in endocrine 
exophthalmps may be associated with visual blurring and visual defects with 
or without papilloedema. Early use of the term retrobulbar neuritis has gi ven 
way to the appellation "optic neuropathy of Graves' disease" to describe this 
phenomena. Defects in the visual fields show a fairly consistent pattern: 
the loss of vision is due to a central or paracentral scotoma, to a defect of 
a nerve fiber bundle, or to a combination of the two (Figure 1). Coleman and 

Left Rt 
1/1000 

20/300 20/200 
14/141 14/89 

Krahn (base 95) 
27 25 

11-20-70 Surgery 
f1-25-70 

Left Rt 
1/1000 

20/30 20/60 
14/14 14/21 

Krahn (base 95) 
21.5 21.5 

12-3-70 
_ ___ Correction of visual field defect eight days after bilateral transfrontal decompression. 
From Gorman et al (1974) with kind permission of the editor of New England Journal of 
Medicine. · 

figure l 

Carroll (14) stated that in 90% of patients with optic neuropathy examined 
with B-scan ultrasound, abnormalities surrounding the path of the optic nerve 
can be demonstrated. The findings vary from faint reduplication of the nerve 
outline to pronounced doubling of the nerve echo pattern. The changes are 
consistent with edema in the nerve and in the surrounding tissues. The tech
nique was accurate in identifying optic neuropathy in 13 of 14 cases studied 
without access to other clinical information. Compression of the trunk of 
the optic nerve can cause foci of segmental degeneration with destruction of 
myelin and disappearing of access cylinders. This degeneration can be local
ized and can involve the macular bundle only, but Danis and Bastenie (15) 
suggested that if optic nerve pressure was relieved soon enough, functional 
recovery might be complete. The usually rapid and complete recovery of optic 
nerve function after effective orbital decompression and supervoltage therapy 
supports this concept (16). Pallor of the optic disc implies some degree of 
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irreversible optic nerve damage and to prevent this, when evidence of optic 
neuropathy is present, either high doses of steroid therapy or decompression 
should be initiated promptly. 

ETIOLOGICAL CONCEPTS 

Before the 1950's it was believed that Graves' disease was due to hyper
secretion of TSH from the pituitary. After the advent of thyroid surgery for 
Graves' disease, it was early recognized that occasional patients could deve
lop exophthalmos after surgical treatment of the thyrotoxicosis. This led to 
the hypothesis that exophthalmos in these patients was induced when circulating 
thyroid hormones decreased to either normal or low levels following thyroid
ectomies, which stimulated the pituitary to produce TSH and/ or other substances 
which would worsen the exophthalmos. But this concept was soon questioned when 
it was found that hypophysectomy in hyperthyroid patients failed to alter the 
distribution or concentration of iodothyronines in the sera in contrast to 
striking decreases in the level of serum thyroxine which followed the same 
operation in euthyroid patients. Later, Furth (17) reported a patient with 
unilateral eye involvement who experienced severe changes in the opposite eye 
a year after an apparently complete hypophysectomy. After the discovery of 
LATS (long-acting thyroid stimulator), early studies suggested a correlation 
between the levels of LATS and the ophthalmopathy of Graves' disease. At 
this point, I want to review with you the concept of LATS, LATS-protector, and 
thyroid-stimulating immunoglobulins. 

LATS, LATS-P, and TSI 

In 1956 Adams and Purves (18) made the initial observation that some sera 
of patients with Graves' disease produced a prolonged stimulation of the thyroid 
of guinea pigs. McKenzie (18) modified the assay using mice and the concept of 
a long-acting thyroid stimulator (LATS) began. The time course of the thyroid 
response is shown in Figure 2. The test is performed in mice sub:j ected to an 

- - ------------ --------

BLOOO 
12s1 

% 
0 hr 

Ttme after injection : hours 

·~~- Responses in the bioassay for LATS. Mice were prepared by the prior injection of ll>J to 
label thyroid iodine and given thyroid hormone to suppress endogenous thyrotrophin. At time 
zero, after 0.1 ml blood was obtained by retro-orbital puncture, either 0.2 mU thyrotrophin 
(smaller s~a-ded ar.ea to left of figure) or 0.2 ml of serum known to contain LATS (larger shaded 
area) was Injected Intravenously and blood was taken at times 2, 8, 24 and 48 hours; data are the 
~eans of six mice in each instance. Ordinate represents blood 12'1 as a percentage of that found at 
time zero. From McKenzie and Zakarija (1977) with kind permission ofthe publishers. 

figure 2 
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iodine-deficient diet who are administered iodine crl31) to label the thyroid 
and shortly after given thyroxin to suppress endogenous TSH. The test mater
ial is given intravenously or intraperitoneally and the blood is collected 
after 3 and 12 hours. The rl31 in the blood is then measured. The release 
of rl31-labelled thyroid hormones reflect thyroid stimulation. 

LATS is an IgG which cannot be readily separated from other IgG that have 
not been purified. It, therefore, cannot be measured by chemical methods or 
radioimmunoassay, and its detection must depend upon some interaction with 
thyroid tissue. Initial enthusiasm with LATS was seriously affected by the 
finding that the incidence of positive LATS varied between 30-50%, ·as seen in 
Table 5. The failure to detect LATS in all patients with Graves' disease was 

Incidence of positive LATS response in patients with Graves' disease 

Author 

Major and Munro (1962) 
Pinchera, Pinchera and Stanbury (1965) 
Carneiro, Darrington and Munro (1966) 
Lipman et al (1967) 
Bastenie, Bonnyns and Valhaelst (1967) 

Total 

Total 

71 
96 

100 
212 
72 

551 

TABLE 5 

LATS+ 

38 
38 
55 

112 
28 

271 

% 

54 
40 
55 
53 
39 

49 

thought by some to be due to bioassay insensitivity. Another possibility was 
the difference in the responsiveness between mouse thyroid and man's thyroid. 
The use of human tissue failed to provide a more sensitive assay, but it has 
revealed the probability of the existance of a human-specific thyroid stimula
tor which will be reviewed below. When serum from patients with negative LATS 
are concentrated, the incidence of positive responses increases to around 62% 
(19,20). On the other hand, some positive sera become negative, indicating 
another nonspecific response induced by straight sera (Table 6). 

Incidence- of specifi~detectio~ ~f LATS in untreated hyperthyroidism accordinz to degree 
of concentration of lgG 

Average Raw serum negative Raw serum positive Specific 

Authors concentra- No. of responses 
tion IgG samples No. Concn Concn No. Concn Concn 
(Xserum) negative positive ne_5ative positive No. % 

Carneiro et al., 
1966 (5) 7.5 19 12 8 4 7 3 4 8 42 

Chopra et al. 
32 18 7 11 14 5 9 20 62 tpresent paper) 10 

Carneiro et al., 
5 'I 0 0 0 7 70 1966 (5) 15 10 10 

TABLE 6 

ChemicaZ nature of LATS. LATS is an IgG. A series of chemical and immun
ological techniques have studied its structure and established that it is iden
tical to IgG. It is inactivated by an anti-IgG antibody. 

Actions. Its actions are similar to TSH (Table 7). The only difference 
between the mechanism of action of LATS and TSH is associated with a delay in 
onset of action of LATS. This delay has also been observed in in vitro and in 
vivo assays (21). All the work comparing the action of LATS and TSH has pointed 
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to the conclusion that LATS and TSH act at the same receptor site, which is 
somewhat surprising when one remembers that LATS is a pathologically-occur
ring IgG antibody and TSH is a physiologically-occurring polypeptide hormone. 

TABLE 7 

·- --
Experimental effects on thyroid shared by LATS and TSH 

Action 

Stimulation of: 
uptake and discharge of JJJI in vivo 
release of mr in vitro 
colloid droplet formation in follicular cells 
glucose oxidation } 
incorporation of J2p into phospholipids 
adenyl cyclase activity · 
cAMP accumulation 

Reference 

McKenzie (1960) 
Brown, Ensor and Mtmro (1963) 
Shishiba, Solomon and Beall (1967) 
Scott, Good and Ferguson (1966), 
Field et a! (1967) 
Levey and Pastan (1970) 
Kaneko, Zor and Field (1970) 

Some of the evidence w111 be discussed below. Kriss, Pleshakov, and Chien 
(22) first showed that when LATS was incubated with thyroid tissue, the 
thyroid-stimulating activity was abolished--a phenomenon which was sometimes 
termed LATS absorption. The combining protein has been identified to be a 
component of the thyroid cell membrane. Mukhtar et aZ (23.) ·and·· .Smith and 
Hall (24) have shown that LATS binds to thyroid membranes and competes with 
TSH for its receptor site--suggesting that the LATS thyroid interaction is 
actually that of LATS with the receptor site, and this interaction is closely 
related to the thyroid-stimulating action . The hypothesis would be that the 
interaction between LATS and the plasma membrane ~s an antigen-antibody 
reaction which results in activation of the receptor and the stimulation of 
the thyroid cells (Figure 3). There is no direct evidence yet that the 

. receptor is acting as an antigenic stimulus. 

figure 3 

-------------- - -------·-

thyroid 
r:e/1 

Ar 
adenyl 
cycl~se 

I v 
cAMP 

ATP 

qctivat.d ladenyl 
thyroid c~/1 cyclase 

T.+Tl~---cAMP 

..... B-lymphor:yte 

Possible mechanism of production and action of thyroid-stimulating immuno· 
g .. l....,ob:-u-.li,.--n-. Antigenic determinants associated with the thyroid cell receptor bind to B-cell 
surface receptor and activate it to produce antibody; the IgG molecules then bind to and 
activate the thyroid cell receptor. 

LATS-proteotor. In 1967 Adams and Kennedy (25) observed that a utili
zation of LATS by human thyroid protein was blocked by the addition of sera 
from some thyrotoxic patients. The name LATS-protector was suggested because 
this factor, which they found to be a gamma. globulin, protected LATS from 
neutralization by the binding protein. Adams and Kennedy showed that the 
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mild thyroid response to LATS in the McKenzie assay was not influenced by tht' 
presence of LATS-P and then went on to demonstrate by pool i ng t he thyroili~ l) f 

hundreds of mice that LATS-P did not interact with the mouse th)~oid . This 
raised the possibility that LATS-P may be a human thyroid antibody, not cross 
reacting with mouse thyroid, which might, therefore, have some functional 
significance in the disease. 

Assay. LATS-P is detected in the mouse thyroid assay using either the 
McKenzie or an in vitro technique. Figure 4 shows the principle of the assay. 
The assay consists in using a reference LATS serum of fixed doses: (a) LATS
binding protein (HTP) is prepared from human thyroid glands and is used at a 
concentration which barely abolishes the response to LATS. (b) The LATS 
negative, LATS-P, containing serum induces no response in the mouse thyroid. 
(c) The addition of this serum, which contains LATS- P, to the LATS HTP mix
ture results in restoration of the LATS response. (d) The LATS-P is, thus, 
competing with LATS for binding to a limited number of sites in HTP, leaving 
some of the LATS IgG molecules unbound and available to stimulate the mouse 
thyroid. It should be appreciated that this assay method is cumbersome, and 
results from different laboratories are not completely comparable. 

(o) (b) 
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~ 
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(\/\activated mouse W thyroid roctptor 
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The assay of LATS-protector (LATS-P). LATS reference serum ·and human 
thyroid protein are used at fixed concentration. The middle line represents diagrammatically 
the interaction that occurs in vitro when the various constituents (top line) are mixed 
together. The histogram (bottom line) depicts the response in the mouse thyroid assay. 

figure 4 

Clinical significance. LATS-P is probably a human-specific thyroid 
stimulator. The instance of LATS-P in patients with active Graves' dis 
ease is shown in Table 8. The correlation between the titer of LATS-P and 
the severity of hyperthyroidism is not definitely established. This ·is 
due to the fact that the method of calculating the titer of LATS-P is too 
imprecise for meaningful conclusions to be drawn. 
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TABLE 8 

LATS-P IN PATIENTS WITH ACTIVE GRAVES' DISEASE 

LATS ± LATS-P 
REFERENCE TOTAL LATS-P ALONE NEITHER 

Adams (29) so 15 30 5 

Kendall-Taylor (21) 93 14 70 9 

Shishiba (30) 9 6 3 

Solomon (31) 33 31 2 

TOTAL: 185 29 137 19 

Incidence of LATS ± LATS-P or LATS-P in above = 90% 

Human-specific thyPoid stimuZatoP. LATS and/or LATS-P are believed to 
represent autoantibodies against TSH receptors. In the former instance, this 
specificity is such that they are able to bind the mouse TSH receptor and ac
tivate cyclic-AMP and stimulate the thyroid . LATS-P represents a similar 
antibody which is specific for the human TSH receptor. Multiple authors have 
devised radioreceptor assays based on the displacement of Il31-labelled bovine 
TSH from its receptor by the human-specific thyroid stimulators. Mukhtar (23) 
has reviewed the use of this assay and some of his results are shown in Fig
ure 5. Volpe's group (26), utilizing a similar assay, tested 42 samples from 
patients with Graves' disease and 32 gave positive results. The 10 negative 
samples gave a mean value which was significantly higher than that of the 50 
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-T.S.I. levels in different groups of patients. -
(a) Normal subjects (57), (b) untreated patients with Graves' 

disease (56), (c) Graves' disease treated by carbimazolc only for 
between 4 and 18 months (70), (d) Graves' disease treated by 
m1 (62 patients between 6 months and 4 years post-therapy), 
(e) Graves' disease treated by surgery (47 patients 4-12 months 
post-operation), (f) autiommune thyroiditis (43), (g) hypo-
pituitarism (5), and (h) non-toxic goitre (25). 
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controls (Figure 6). Therefore, this group of patients with Graves' disease 
had greater displacement ability than the controls. However, individual re
sults show sufficient overlap with the control . Other studies have shown a 

figure 6 
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Experience from our laboratory with the radioligand technique for thyroid stimulating 
immunoglobulins in various groups of patients (O'Donnell et al, 1976). The results are 
expressed as thyrotrophin displacement activity (TDA). The greatest displacement would be 100 
per cent. In the right-hand column are depicted results from immunoglobulin samples from 
normal control persons. It may be seen that there is some non -specific displacement of the 
labelled TSH. with a 95 per cent confidence limit of 30 per cent displacement. In the left-hand 
column are shown the results from patients with active untreated Graves' disease; 76 per cent of 
these are well above the normal range, while the remaining 24 per cent may be considered 'false 
negatives', but are still statistically higher on average than the normal control samples. Samples 
taken from patients with hyperthyroidism due to toxic adenoma, or non-toxic nodular goitre, are 
negative. 

greater degree of overlap than the above two studies. One interesting aspect 
of O'Donnell's study (26) is shown in Figure 7. Patients with Graves' dis
ease were well controlled in PTU therapy--with only one exception, a positive 
result obtained at sampling coincided with a relapse after discontinued use 
of the drug. Patients with negative values at the time of sampling remained 
in remission when the antithyroid drug was withdrawn. This method, if it 

figure 7 
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dotted line) at the time of sampling remained in remission 
when the antithyroid drug was withdrawn. The line be
tween the two dots in the first column indicates a single 
patient tested on two occasions. 
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becomes widely available, could help in deciding which patient would respond 
to PTU therapy and which patient would require additional modalities of 
therapy . A good correlation between LATS and ophthalmopathy has not been 
found in large series (27) . It is now accepted that Graves' disease is 
probably an autoimmune disorder in which there are antibodies against TSH 
receptor (32). It is likely that there is a larger group of closely allied 
antibodies reactive with TSH-sensitive receptors in other tissues. Particu
larly important in this respect are the ophthalmic immunoglobulins which 
cross react with the Harderian gland TSH receptor in guinea pigs and in adi
pose tissue in several species including man (28). Such antibodies could 
be of stimulating character and could be responsible for the proliferation 
of the retroorbital tissue in exophthalmous. Two separate lesions in endo 
crine exophthalmos are the myosites of the extraocular muscles and the in
creased bulk of retrobulbar fat and/or connective tissue. Together these 
lesions give rise to the diplopia, raised orbital pressure, edema, and 
proptosis characteristic of the syndrome. Autoimmune mechanisms of a differ
ent nature are probably involved in the two types of dysfunction . 

Myositis. Extraocular myositJs consists of edema and lymphoid infiltra
tion with fragmentation and necrosis of the muscle fibers. The volume of 
affected muscles may increase up to 10-fold in the acute stage and contribute 
substantially to orbital pressure and proptosis. When inflammation subsides 
there is often loss of contractile power due to reactive fibroplasia. Minor 
myositic lesions are thought to be present at some stage in almost every case 
of Graves' disease, even when diplopia is not a feature. For some reason, · 
extraocular muscl es appear to be selected in a special manner in Graves' dis
ease and myositis of similar type to the one that affects skeletal musc les in 
collagen disorders ~ch as dermatomyosites or SLE develops. A convincing 
explanation for the extraocular muscle lesion in endocrine exophthalmos has 
been put forward by Kriss' group (33) in a series of elegant studies. Multiple 
workers have found that patients with severe ophthalmopathy tend to show high 
titers of thyroglobulin antibodies in their serum. It is also accepted that 
thyroglobulin is released into the thyroid lymphatics and that plasma concen
trations of thyroglobulins are high in Graves' disease (35). Kriss' studies 
(33) suggested that thyroglobulin antigen-antibody complexes might be in
volved in the lesion of exophthalmos since it is known that soluble immune 
complexes are cytotoxic by virtue of their ability to fix complement, release 
vasoactive substances, and stimulate p~gocytosis. He studied the affinity 
of thyroglobulin complexes for plasma membranes, from retroorbital muscles, 
and other muscles. They were able to show that extraorbital muscle membranes 
bind thyroglobulin 4 times more avidly than heart muscles and 12 times more 
than liver cell membranes, while complexes of thyroglobulin with its anti
bodies bind to muscle membranes 10 times better than thyrogl obulin alone (Table 
8). Kriss (16) put forward the theory of exophthalmos as an immune complex 
disorder . Kriss relates the old .surgical observation that when thyroid surgery 
for Graves' disease was done in stages, by removing one half of the thyroid at 
a time, the exophthalmos improved faster on the side from which the hemi-thy
roid was removed. In addition, there is frequently an asymmetry between the 
involvement of both eyes, and there is an asymmetry in the lymphatic drainage 
of the thyroid. There is also the presence of high antithyroglobulin levels 
combined with an increased binding affinity of the extraocular muscles to 
these complexes. How these factors get together has been explained by Kriss 
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--- ---- ------
Binding of thyroglobulin (Tg) and thyroglobulin-antithyroglobulin complex (Tg-A) 

to membrane fractions prepared from various human and bovine tissues 

1251-Tg bound 1251-Tg-A bound 
Membrane source % (mean ± s.d.) ~;.; (mean ± s.d.) 

Extraocular muscle 
Heart muscle 
Liver 
Kidney 
Spleen 

Extraocular muscle 
Cheek muscle 
Thoracic muscle 
Heart muscle 
Liver 
Kidney 
Spleen 

2.4 ± 1.1 
0.6 ± 0.2 
0.2 ± 0.1 
1.6 ± l.S 
0.3 ± 0.1 

3.4 ± 1.2 
1.1±1.2 
0.5 ± 0.1 
0.1 ± O.o2 
0.1 ± 0.1 
0.6 ± 0.5 
0.1 ± 0.1 

23.0 ± 4.8 
8.4 ± 0.2 
0.6 ± 0.7 
5.5 ± 0.6 
0.9 ± 0.1 

20.8 ± 3.5 
8.9 ± 0.2 
6.2 ± 1.8 
3.4 ± 0.2 
1.0 ± 1.0 
!1.8 ± 2.5 
1.2 ± 1.8 

Reproduced from Konishi, Herman and Kriss (1974) with kind permission of the authors' 
and the Editor of Endocrinology. 

TABLE 8 

who was able to demonstrate a connection of lymphatic channels draining the 
thyroid gland with those of the orbit. He found that a radioactive colloid 
suspension injected into the thyroid could find its way into the high, deep, 
cervical lymph nodes. He suggests that there might be a retrograde flow 
into the orbit from the deep lymphatic glands which are common drainage for 
both the orbit and the thyroid (Figure 8). Because of the nature of these 

Preauricular Nodes 

Superior 
Deep Cervical Nodes 

Thyroid ___ // ___ .__ __ 

Lymphatics f~ 
I . .• 

.Drawing depicts concept that 
thyroid is drained by cephalad 
and caudad lymph nodes_, that 
some of former also drain the 
orbit_, and that in thyroid 
hyperplasia lymph flow may 
become retrograde between 
shared nodes and orbit. Radio
isotopic evidence for this 
view includes three hours after 
injection of 99.mTc-sulphur col
loid into medial rectus of oph
thalmopathic patient (prior to 
orbital surgery)_, focal radio
activity was seen in area of 
preauricular and superior deep 
cervical nodes. Also_, intra
thyroidal injection of same 
material in same patient showed 
rapid movement to perithyroidal 
nodes both cephalad and caudad 
to injection site. 

figure 8 
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studies with radioisotopes in which they were either injected into the orbit 
or the thyroid which show this common lymphatic drainage, they postulated-
even though they were unable to prove-- that such a retrograde flow might exist. 
A more possible explanation for the presence of complexes localized in the 
extraocular muscles has come from the laboratory of Kohn (36). His group has 
shown the presence of thyroglobulin or a derivative of thyroglobulin molecule 
which is present in the orbital muscles of normal individuals. This thyro
globulin molecule is either synthesized in situ in the orbital muscle or it 
reaches there through the lymphatics. The course of events of the pathological 
lesions in the extraocular muscles remain speculative. 

Kohn and Winand (36) have postulated a two-factor mechanism in the crea
tion of exophthalmous. The first one is the presence of an abnormal serum 
immunoglobulin, and the second one is the presence of an exophthalmos-producing 
factor . During the 1920's and 30's it was observed that injection of anterior 
pituitary extracts induced exophthalmos in animals. Multiple studies were done 
in the 1950's in which it was demonstrated that TSH was able to produce exoph
thalmos in animals, but there was another substance which could be separated 
from TSH which would also produce exophthalmos. Extensive studies by Kohn (37) 
have elucidated the structure of these exophthalmos-producing substances (EPS). 
It is now known to be a fragment of normal TSH consisting of an almost int act 
beta subunit with the aminoterminal end of the alpha subunit. It is believed 
that this beta subunit has to be partially modified to be able to explain the 
findings that the plasma concentration of the beta subunit in patients with 
exophthalmos is normal (37) . It has proven easier to analyze stimul atory 
effect of exophthalmos-producing substance (EPS) in the guinea pig in which it 
is clearly demonstrated that TSH and EPS cause an enlargement of the Harderian 
gland which has been confirmed by many workers. Retroorbital fat from human 
and animal sources has been shown to be stimulated by TSH. There is increased 
incorporation of S35 into mucopolysaccharides--especially hyaluronic acid which 
attracts edema fluid and the stimulation of glucose synthesis (38). Detailed 
studies on purified membrane preparations from retroorbital tissues with the 
guinea pig showed that radioactive TSH binds specifically to membrane receptors, 
and the peptide digest of TSH gives rise to EPS fragment with no thyroid stimu
lating activity. Winand and Kohn have suggested a double causation for the 
retroorbital stimulation in exophthalmos. They postulated that partly digested 
pieces of TSH are attached to retroorbital receptors and that an antibody cross 
reacting with these fragments and their receptors enhances the EPS effect. In 
conclusion, we can say that the reason why patients with Graves' disease get 
the exophthalmos remain speculative at the present time, but there might be an 
interaction between an autoimmune process with the presence of a factor from 
the pituitary that contributes to the production of the exophthalmos. 

EUTHYROID GRAVES' DISEASE 

By definition, euthyroid Graves' disease is the presence of infiltrative 
ophthalmopathy in a patient without hyperthyroidism. The prevailing concept 
of the nature of such a disorder has been that it is a variant in which Hashi
moto thyroiditis coexists with Graves' disease and prevents the hyperthyroidism 
from becoming manifest because of the decrease in the function of the thyroid. 
The principal evidence for this concept lies in the report by Liddle (39) 
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describing five cases of euthyroid or hypothyroid ophthalmic Graves' disease 
in which LATS was present; and, when tested, the thyroid gland was nonsup
pressible and unresponsive to thyrotropin. However, there are cases in which 
evidence of normal thyroid suppressibility is present in patients with oph
thalmopathy. Solomon et aZ. (31) studied 22 patients known to have euthyroid 
Graves' disease. They also studied 33 cases of patients with Graves' hyper
thyroidism. They found that LATS-P occurred in 31 of 33 cases of Graves' 
hyperthyroidism but only 9 of 17 with euthyroid Graves' ophthalmopathy. Of 
the euthyroid patients, 6 had protector activity and thyroid nonsuppressibil
ity. Firm goiters and high titers of thyroid antibodies were the rule in 
this group. They believed that these patients had three autoimmune diseases: 
Hashimoto thyroiditis, Graves' thyroid disease, and Graves' ophthalmopathy. 
Five euthyroid patients had no detectable protector activity or thyroid anti
bodies and had normal thyroid suppressibility. The thyroid was generally 
normal in size and consistency. These patients were interpreted as having 
isolated Graves' ophthalmopathy without any autoimmune thyroid disease. The 
remaining six patients showed dissociation between protector activity and 
thyroid nonsuppressibility and could not be classified. They concluded that 
euthyroidism in Graves' ophthalmopathy may have more than one cause. 

A diagnostic flow sheet is shown in Table 9. 

TABLE 9 

DIAGNOSTIC FLOW SHEET FOR PATIENTS WITH 
OCULAR FINDINGS SUGGESTIVE OF BUT NOT 
DIAGNOSTIC OF GRAVES' OPHTHALMOPATHY 

. { 
· T4, T3, and 131 1 uptake 

/ \ 
Thyrotoxic 

Assume eye findings are due 
to Graves' disease. Treat 
thyrotoxicosis. Recheck eyes 
in 3 months unless urgent eye 
treatment is needed. 

Euthyroid 

T 3 suppression 
OR 

TRH stimulation 
OR 

Thyroid stimulating 
immunoglobulins 

Careful palpation 
of orbit. head 
x-ray and orbital 
views. ultrasono
grams, and EMI' 
scan 

(If one or more are positive and the 
search for alternate diagnosis is 
negative, treat as Graves' 
ophthalmopathy) 

*Not to be implied that every patient with Graves' oph
thalmopathy who is euthyroid should have an EMI scan. In 
selected patients where a serious possibility of retrobulbar 
tumor exists, it may be a very helpful adjunct. 

TREATMENT 

The problems presented by the patient with ophthalmopathy can vary from 
mild eye irritation to total blindness. The approach of treatment must be 
correspondingly flexible. A reasonable approach is outlined in Table 10 from 
Gorman's excellent review (Sa). Before therapy of any kind is embarked on, a 
number of clinical questions must be answered: 

1. What is the patient's thyroid status? 
2. Where is the patient in the evolutionary pattern of the disease? 



-19-

3. What are the specific threats to function? Is the main threat from 
corneal exposure, extraocular muscle involvement, or optic nerve 
pressure? 

4. Which component of the ophthalmopathy is the most troublesome and 
worrisome to the patient? 

5. Is diplopia intermittent or constant? 
6. Has the degree of diplopia been changing? 
7. Does the patient suffer from any condition that would exclude some 

of the treatment alternatives? 

TABLE 10 

Eye Problem - -M-anagement 

Periorbital and lid edema Elevate head of bed 
Don't sleep prone 
Use diuretics 

-Gritty sandy sensation 
in eyes _ _ 

Eyelids close nprma!ly _ 

Faulty coverage-of globe 
due to-eyeli_d -
retraction 

Intermittent diplopia 

Persistent diplopia 

Severe inflammatory 
changes (injection, 
chemosis, pain} 

1% methylceLiulose eye 
dr9ps p.r.n. 

Section of Muller's muscle 
Scleral graft insertion in 
-eyelids 
Tarsorrhaphy 

Observe 
Check refraction and 
Lancaster red/green test 

Consider prisms 

Extraocular muscle surgery 
with or without 
preliminary decompression 

Systemic or retrobulbar 
steroids 

If unresponsive to 
reasonable dose, 
transantral decompression 

Severe proptosis TRANSANTRAL ORBITAL _ 
Optic neuropathy DECOMPRESSION 

**Corneal ulceration due to or 
proptosis in some centers 

Severe eye discomfort supervoltage x-ray therapy 
particularly if unresponsive 
to reasonable steroid dose 

*It is assumed that 
any disorder of 
thyroid function 
uri U be simu Uan
eously corrected. 

**Combined with local 
measures to protect 
the cornea 

Thyroid ablation. Initial studies recommended total thyroid ablation to 
prevent and treat endocrine ophthalmopathy. White (38) suggested that total 
thyroid ablation was a prerequisite to orbital decompression for Graves' oph
thalmopathy because, in his exp~rience with 282 patients with thyrotoxic Graves' 
disease, there had never been any initiation of ophthalmopathy or progression 
of already present ophthalm~pathy after complete removal of all thyroid tissue. 
Pequegnat (39) had the contrary experience and found progressive ophthalmopathy 
in half of the patients whose ablation was complete. Volp6 (32) was also 
unable to establish that thyroid ablation was beneficial. 
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Orbital radiotherapy. On the premise that ophthalmopathy might be 
caused by an immune reaction in orbital muscles involving sensitized lymph
ocytes that are radiation sensitive, Donaldson et al (40) reconunended orhi
tal radiation delivered with a well ~ollimated hi~h t'l\t'T~Y \-1·av h,·nm ):.''l\ 

erated by a linear accelerator. 
Steroid therapy. Steroids can produce rapid and sometimes dramat h· 

improvements in endocrine ophthalmopathy. Subjective symptoms such as pain, 
tearing, and irritation may respond within 24 to 48 hours. An improvement 
in extraocular muscle function can be seen in days or weeks. It is usually 
recommended that high doses (above 60 mg) of prednisone per day should be 
started and slowly tapered down to the minimally effective doses. Frequent
ly, the ophthalmppathy relapses after the cessation of therapy. 

Orbital decompression. The occurrence of severe steroid side effects 
is a frequent indication for orbital decompression. Basically, two techni
ques have been employed for decompression: transantral and transfrontal 
techniques. A summary of the comparisons are indicated in Table 11 and 
Figure . 9. 

Extraocular muscle surgery. If orbital decompression is contemplated, 
extraocular muscle surgery should be done after it. Dyer has reviewed in 
detail his extensive experience with extraocular muscle surgery and for more 
details, his papers should be reviewed (41). 

TABLE 11 

SUMMARY COMPARISON OF TRANSANTRAL 
VERSUS TRANSFRONTAL DECOMPRESSION 

TRANSANTRAL TRANSFRONTAL 
ASPECT DECOMPRESSION DECOMPRESSION 

- Restoration of Usually Usually 
visua l acuity effective effective 

Correction of Usually Usually 
visual field effective effective 

defe.cts 

Correction of Not consis tent; Not consistent; 
diplopia diplopia may diplopia seldom 

develop after changed after 
operation. operation. 

Usui!l 5-6 days 10-12 days 
hospita lization 

Type oi incision Sublabial; no Bi lateral frontal 
head shaving; craniotomy; head 
no visible scar. shaved. 

Mortality 0 0 

Morbidity Numb lip in all None 

Contraindications Chronic sinusitis None 

Specific When detai led 
indication exploration of orbits 

is adv isab le. 
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